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PREFACE 

Perhaps more than any other type of mission, night flight operations 
place an extremely heavy burden upon the visual and perceptual capacities 
of aviators. Not only are visual references more difficult to acquire 
under night flight conditions, but once acquired, they are frequently 
crittcal for the successful completion of a mission At night, when the 
pilot's visual capabilities are usually limited, extraneous light, reflec¬ 
tions, glare, unevenly Illuminated instruments, and other lighting problems 
come to further plague the pilot, compromising both his safety and the 
performance of his mission. 

The development of modern aircraft weapons systems has relied upon 
design criteria based upon limitations and capabilities of the pilot. 
Design criteria on seat arrangement, instrument panel configuration, control 
location and actuation, crew station geometry, and a host of other variables 
have been with us for some time, and have proved their value in providing 
better aircrew safety and better mission performance 

Aircraft cockpit lighting systems, on the other hand, have not been 
so amenable to quantification or to the establishment of adequate des inn 
criteria. The problem has largely been due to a relative uncertainty as to 
the actual visual tasks to be performed and to the actual visual requirements 
of night flight operations. Before meaningful design criteria can be esta¬ 
blished, it must first be determined what is desired or required for the 
conditions under which the Criteria are to be applied 

Because of concern for the safety and efficiency of naval aviators 
during night flight operations, as well as concern for the costs and compro¬ 
mises inherent in any cockpit lighting system, the Aerospace Crew Equipment 
Laboratory, Naval Air Engineering Center, sponsored a three-day conference 
on cockpit lighting problems in November of 1965. As a result of this con¬ 
ference, the attending representatives from the Bureau of Medicine and 
Surgery, the National Bureau of Standards, the Naval Aviation Safety Center, 
the Naval Air Systems Command, and the Office of Naval Research recommended 
that a series of investigations, developing into a long-term study, be 
conducted to determine the visual tasks and the visual requirements of 
pilots during night flight operations. This study was to obtain information 
under actual operating conditions as well as under controlled laboratory 
conditions. It was anticipated that, in this manner, meaningful recommenda¬ 
tions as to cockpit lighting could be made The long-term program was to be 
formulated under AIRTASK No A34533503/20ni/F012-07-01 
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This report represents a preliminary study, Investigating only one 
group of factors In aircrew lighting problems. The study Is concerned 
wlîï.îhe Interrelationships among visual tasks, mission profile, lighting 
utility, and external light level on a time-task basis. The methods 9 
employed show themselves to be not only feasible, but practical as well. 
It Is expected that further research along lines such as those initiated 
In this study will aid In the clarification of lighting problems and In 
the establishment of meaningful design criteria. 
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I. BACKGROUND 

A. Discussion of Problem 

For many years the Naval Air Systems Command and the Aerospace Crew Equipment 
Laboratory have exerted considerable leadership in fostering Navy pilot safety 
improvements.. This has been done, at least in part, because these agencies 
were not content to Just approve equipment as it cam., lo them but, on the 
contrary, actively generated the necessary research to develop innovations. 
This farsighted research was not confined to the machine and associated equip¬ 
ment only, but also vas applied to understanding the man and his capacities. 
It vas within this context that the Aerospace Crew Equipment Laboratory 
fostered research to investigate the relationship between the cockpit 
environment and visual performance during operational flights. 

This particular study dealt with the identification and description of visual 
tasks required of pilots during typical night flight missions and actual 
operating conditions. A task, which under carefully controlled laboratory 
conditions would be of rather elementary concern, becomes infinitely more 
complex when actual flight conditions are encountered. All conditions of 
flight cannot be accurately reproduced in simulators. However, certain 
simulàtor studies and training courses would aid in quantifying many para¬ 
meters not measurable in flying aircraft. 

There are a number of alternatives when it comes to investigating the visual 
task* Nearly all of these alternatives focus around eye movement evaluation. 
This ocular movement can be determined with varying degrees of precision 
using cameras, eye movement devices, direct observation, and/or by head 
movement recorders. All of these techniques can be used In simulation but 
few under actual flight conditions. More difficulty is encountered when the 
pilot must be evaluated in a tandem or single place aircraft. The method of 
obtaining the information, i.e. the pilots visual tasks, his choice of lighting, 
the exterior lighting conditions, must then be considered. A possible solution 
would be to choose an aircraft with space available for equipment and an 
observer. 

The manner in which the pilot uses his interior lighting system depends 
primarily on the mission requirement. In addition, the pilot will adjust his 
interior lighting levels as the outside lighting conditions vary. This 
variation and usage of the lighting and lighting system must be established 
before it can be related to the visual task. Once the visual task is 
established, and the environment and the manner in which the pilot makes use 
of the interior lighting system is known, then an evaluation as to the com¬ 
promises of pilot safety and mission performance can be made. This study 
will establish some background for determining the value and feasibility of 
this type program in the operational squadrons, using the actual aircraft in 
real missions. 

« 
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»• iteylw Of Uteraturc 

ÏÏLÎrîïîL^ÎM.^ÎÜÎR1“^1? Stud? ^ 40 wvl®w •tudie* M«“d »Pproprlatg “i* P«rtlcuUr InyMtlgctioo. Report. «» collects, Mich 

«5Sí&t^rSt^s^‘ ^ -4 *"ïira-K“ *"«8 

Beporta dealing vlth the vlenal task and aethods of observation serve to 
pc4nt up the fact that the vlewl diffleultle. u. oot UoUtid toX 
interior or the exterior of the cockpit. These tvo areas are Interrelated 
ÎÏJÏuLoi? îl?‘ldî “ï1!“4 llÿtln« th« resultant setting of the 
interior lighting level is a prime factor in the limitation of the pilot's 
visual task ability. Uhls limitation may take the form of compromises In 
efficiency# safety or accuracy. 

The studies of visual recovery and observations of the numerous common 

•T*“” Í° l0!,ll6ht lcvel8 indited that the extremes of 
Itïïî1 fuch a8 fla8h blindness, must be relegated to a separate 
study. The night vision trainer provided an Important guide in the estab¬ 
lishing of the problem situations with which the pilots are faced in actual 
MW1C0S 

*peciflc Proibi«« areas of interior lighting and exterior 
îîlîrîflî S Report,s d«®crlblng the general night sky conditions were also studied. 

ÎÏ »vising previous studies concerned with eye fixation and scan patterns, 
it could be seen that great difficulty would be encountered when the moth Ms 
of these studies were applied to actual night flights. Many types of eye 
r^îT!SÎ. Î!fîl0n were «valuated. Polymetrlcs V-DI65, • commercially 
available, head-worn camera system, and Sperry's helmet sight were considered, 
wsüLün*!! otïl®r fiifi^ techniques. Head and helmet movement sensing devices, 
infrared eye movement and esmera devices were reviewed. 

HMy tow r.Ut«l th. U.k to th. lighting .nvlronnnt. Sine 
it is the operational situation which determines the requiremer.ts for "the 

***** lnt®rlor lighting must be subordinate to this need. 
Any lifting system would, therefore, be a compromise between the light 
rehuir«! for the necessary task to see an Instrument and that low level of 
"dht required for visibility outside the cockpit. It would then appear 

•“h could be done to enhance ilot safety and Improve his performance 
if M* visual task were lessened, älnce the load placed on the pilot is 
becoming more stringent, every possible step must be taken to Improve 
existing and new equipment so as to eliminate ambiguous, fatiguing and 
Inappropriate visual stimulation. 
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needed to determine these actual operating conditions 
«íjwtt interior und exterior lighting in relation t”e retired 
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C. Conaultatlon vlth Experts 

2íkI^!ÍÍÍ',*í,j!,íf!"-.*P":iÍ1J0*tl0n' for thl* wre «fter consultation With various Worth American Aviation, Inc. personnel. It vas decided to 
investigate the feasible alternatives with local plant personnel who have had 
similar design and management experiences. Test pilots, simulation group 
personnel; photography experts; and electro*optical personnel were consulted a 
As a result, a test plan was designed and presented to the program collabor¬ 
ators at the Aerospace Crew Equipment Laboratory at the »aval Air Engineering 
Center, Phiiadelphia, Pennsylvania. After this meeting with ACZL personnel, it 
was decided to further evaluate and refine the techniques which seemed 
Impropriate for this study. A series of Interviews was arranged at the 
Patuxent River Naval Air Test Center (NATC) to gather further coinions from 
pilots and research personnel. These meetings included Dr. Kelley, three Navy 
test plots, a Marine test pilot, and a test pilot assigned to NATC from the 
Seyai Navy. At this meeting various techniques were discussed which could be 
utilized in gathering data appropriate to this investigation. Another mcctin* 
was held with Torany Moraiyama, Carrier Suitability Branch, and his staff to " 
Jiacuss lighting problems encountered in their research. Also contacted was 
Harry Kann who supervised a major portion of the exterior lighting hardware 
studies for HATC. 

After these meetings and consultation with ACEL, the techniques for evaluation 
were determined. 

11# 
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II. DISCUSSIOW OF THE STUDY 

Aa early look at some of the variables upon which this study was based revealed 
that the pilot's personal experience and consequently his preference for a 
particular cockpit presentation had much to do with his criticism or lack of 
criticism for his aircraft environment. The fact that the pilots are proud of 
their aircraft and their ability to adapt to a situation which may be less than 
desirable must be recognized in the analyëls of their answers. 

A. The Human 

The pilot's visual tasks are quantifiable only to a limited degree, based on 
the supposition that vision is ninety percent mental. The analysis of the 
visual task must be based on; (l) observations of the pilot, (2) conclusions 
that the tasks were perfonaed, and (3) pilots' statements of the tasks performed. 
The approach was to prepare a visual task sheet and, from the information 
obtained, list the task breakdown of each phase of the flight. 

Determination of the visual task on a time basis is complicated by the ability 
of the experienced pilot to monitor a complex display in a brief scan. This 
was supported in preliminary interviews with pilots. The two distinct modes 
foi* visual sightings are the fast scan and the concentrated visual check wherein 
the pilot is looking for a particular bit of information. It was reported that 
many pilots scan the instrument panel, engine instruments for example, move on 
to an outside visual check, and then glance back at one particular instrument. 
The reason given was that a thought process had begun that intruded on their 
attention and called for a recheck--either a positive or negative signal was 
present. 

Ttoe visual tasks are so varied and of such magnitude that it is almost 
Impossible for a study to be completed in all areas before the state of the art 

aircraft design renders them obsolete. Consequently, this study will 
endeavor to touch on those fundamentals involving the pilot and the aircraft 
In a particular mission environment. 

The attention given to any particular group of instruments is likely to be 
related to the Immediate task. The study will rate these tasks as to levels 
of importance in three different categories. These are: 

1. Take-off and landing phase 
2. General phase of flying and navigating an aircraft 
3» Specific phase of mission accotr-Mshment 

ife 
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B. The Aircraft 

Aircraft nay be separated Into types by the missions for vhlch they are designed. 
In Identifying the visual tasks of pilots during night flights, It vas realized 
that the visual tasks are related to the extent that the human eye has to see 
to allov comprehension of a situation. The pilots themselves rendered evident 
thic cogency that the visual tasks must be separated by aircraft types. 

A possible grouping of aircraft types Is suggested and will be re-evaluated in 
the reconmendations portion of this study. 

9ESSLI 
Group II 

Group III 

Group IV 

Group V 

All Single Place Attack and Fighter Aircraft 

(a) All 2 place (Tandem) Attack and Fighter Aircraft 
(b) All 2 place (Side by Side) Attack and Fighter Aircraft 

a) All Patrol Aircraft (Carrier Operable) 
b) All Patrol Aircraft (Not Carrier Operable) 

All Transport 

Helicopter 
VSTOL Type 

Special grouping of 

fc1 

Observation 
Reconnaissance 
Trainers 

The rationale for this suggested grouping Is based on the visual work load of 
the pilot or team. Group I represents those aircraft where the pilot has the 
entire load. The pilot vould have no assistance in the monitoring of the 
instruments, in the selection of radio channels, or in scanning for a target 
or traffic. Hie selection of the interior lighting must, therefore, be 
attuned to his external visual task. Group II represents that grouping of 
aircraft where the visual work load in the aircraft is shared by the two 
Operators. Group III represents aircraft where the work load is shared by 
the team. This group normally performs extended duration type missions. 
Group IV is a special group where the visual task is of a specific nature, 
i.e. the pilot has to contend with external visual tasks that are most 
Aem»n<Mng for extended periods. Normally this grouping is a two man team. 
Group V is a special group of aircraft where the visual task is a special 
consideration. 

L i.iiyjjiLtUujjAi.yjJJJ.  .i MfcMMttÉ .. 
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C. Th» Technique 

rang! °bJectivee of the overall program, of vhich this is a pilot 
•tu,iy, are. (1) to provide background information to the personnel 

estwiishing the requirements for the visual task from personnel using 

tte aircraft in fleet operations, and (2) to realistically associate the 
visual task with the operational environment. 

The overall program will be based on the operational aircraft of the fleet 

ÎLÎÎÏÎTÎ!1?!! "íth,thf simulator programs. This pilot study, in 

baSÍC taSîJ Vil1 scrve as a Platform for the recommendations 
Hra^PrOSra?- PurPOse, the techniques and procedures of 

this pilot study are included in this final report. 

Basically the task may be broken down into its essentials as follows: 

Identify and describe visual tasks. 

Internal and external variables affecting those visual tasks. 

Physiological and psychological variables affecting those 
visual tasks. 

Requirements to perform those visual tasks. 
Variables affecting perfonnance of those visual tasks, and 

variables compromising requirements of those visual tasks. 

°f.the Pllot,s visual tasks will be presented. This will 
be accomplished by observing the man, observing his actions and the result 

f??i0ns' ac<luirln8 hls opinions and listing his tasks. In addition, 
the lighting environment will be monitored and measured, both inside and 
outside the cockpit. 

The summarization will tie these two areas together and provide a basis for 
tne conclusions and recommendations which follow. This methodology is 

represented in the flow chart (Figure l) and presented for those concerned 
with operational studies. The results may be found in Section III, page 27. 

rí%S?WOna areiound ln Sectl°" IV. Pace 70, and the Recommendations 
in Section V, page 72. 

1. 
2. 
3. 

4. 
5. 
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Briefly the program Involved: 

1. A review of existing research. 

2« Study of U.S. Navy handbooks for all aircraft types Involved. 

Interviews with pilots concerning the problem areas in which 
visual tasks and interior lighting are primary. It should be 
noted that visual task will, in this study, be concerned with 
the human factor aspect of cockpit lighting and quantitative 
data on opertitional interior lighting. 

I». Formulated preliminary questionnaires and interviewed 
operational squadrons. 

Formulated test plan and interviewed operational squadrons and 
Naval test pilots. 

6. Finalised program, constructed and calibrated test equipment. 

7* Interviewed pilots. 

8. Distributed questionnaires. 

9* Observed pilots. 

10. Measured interior lighting 

11. Made inflight recording of interior lighting and external 
ambient lighting conditions. 

The instrumentation package was designed to allow monitoring of the external sky 
conditions while recording the interior light selections made by the pilot in 
flight. 

n»e method of moni tort ng interior and exterior lighting levels was established 
as providing the best indication of the lighting levels as associated with the 
visual tasks. 

The interior lighting of the subject aircraft cockpit was monitored utilizing 
a Pritchard photometer, Spretra brightness meters Model UR and SB with power 
packs. In addition, an ACEL lighting engineer participated using a Pritchard 
photoneter with integrating cosine lens and a G.E. brightness meter. A black 
cover was necessary to avoid stray light and afford complete darkness in the 
cockpit measurements. A tripod was required in making the readings and since 
the front seat was not removed in the aircraft under observation, some instruments 
and consoles were impractical to measure. However, to supplement the readings, 
the total light flux was taken for each step of interior lighting control system. 

. . » .iJalail.il ii-H ,m.l|llUlljyi.. . UM4 iill.lilililiiliLliHii. ..ilalimtliiliMI. ...Ill- 
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The light levels obtained were correlated with the actual settings recorded In 
observations of an operational training mission. 

The arrangement for the aircraft inflight monitoring is represented in Figure 3 
block diagram, Figure k wiring diagram, Fig.5ft 6 schematic, photographs Figures 
7# 8, 9 and 10, and resultant sample tape as depicted in Figure 11. 

The sensors selected, to monitor the outside ambient lighting condition, were 
Clairex 50% photoconductive cells, designated as CL1 for forward sensor, CL2 
for left sensor, and CL3 for right sensor. These cells were selected for their 
sensitivity (see Figure 2); cadmium sulfide peaks at 5500* Angstroms and closely 
matches the response of the human eye. They act as light sensitive resistors 
with the resistance decreasing with Increasing light. The cells were calibrated 
as indicated in Figure 2aand automatically compensate for the reduction in light 
caused by the canopy and windscreen. 

Since the majority of the Illuminance of the night sky is reflected light, it 
was decided to calibrate the sensors in foot lamberts. 

CELL SENSITIVITV CURVE. OVERLAID ON 

500 600 700 
- WAVE. LENGTH --- 

in figure 2 

m. áMMÜ.ÉÉiMMIÉfc 
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ÁJ.B.S 
LIGHT SOURCE 

-PÔU/ER SUPPL T ¿¿//TH O/G/TPL 
mr/PETEP PEPO GOT 

PF/TCHPRD 
PHÛTÛÆTEP M//TP 
PEGOLO TED PO/P SUPPL/. 

STEP l - C0L/6P0T/ÕAJ OF PPOTOMETEP 

Figure 2a 
■ GPL /0 D/S PL P /FT !7 

STEP 2 - E/?L /3PPT/O.V UP SEP/SEP 

Light flux falling on a unit area of a surface can properly be measured In lumens 
per square foot. The lumen Is defined in terms of the light flux per unit solid 
angle In a particular direction. An isotropic point source being impossible to 
Obtain, 6 ft. was used as a distance suitable for the general measurements to be 
made In this study. 

The average brightness expressed in this report as foot-lamberts may be said to be 
the brightness at the surface B, integrated through the area subtended by the 
solid area and calibrated as shown. 

The shield, serves the dual purpose of prohibiting the interior lighting from 
affecting the light flux on the sensor and allows for that light which would strike 
the sensor surface at an angle greater than 1*5* to be ignored. 

The incident light, considered a point source Jn the calibration run for practical 
purposes, provided a reading on the sensor of approximately 10 times the value of 
the secondary source (the UBS filter). All three sensors were within 105» which was 
considered satisfactory for this program. 

The expression "average or general light level" will be used in this report to 
represent the brightness in foot lamberts of the sky condition, ground lighting, 
reflection from cloud and haze, and other aircraft in the area. 
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8BWS0R ELECTRONICS PARTS LIST 

2000 ohns I/2 watt 10^ 

200K ohms TKEMPOT 

5OK ohms TRIMFJT 

5OK ohms TRIMPOT 

75K ohms 1/2 watt 

22QK ohms I/2 watt 

220K ohms l/'?. watt 

35O ohms 1/2 watt 

350 ohms 1/2 watt 

SSO ohms 1/2 watt 

350 ohms 1/2 watt 

75K ohms 1/2 watt 

5OK ohms TRIMPOT 

33O ohms 1/2 watt 

100K ohms 1/2 watt TRIMPOT 

39OK ohms 1/2 watt 

SSO ohms 1/2 watt 

33O ohms 1/2 watt 

100K ohms 1/2 watt TRIMPOT 

39OK ohms 1/2 watt 

350 ohms 1/2 watt 

350 ohms 1/2 watt 

39OK ohms 1/2 watt 

R24 100K ohms I/2 watt TRIMPOT 

R25 330 ohms 1/2 watt 

CRI IN3OI9 9.1V 20 mill. 

CR2 IN91 

CR3 IN91 

CRl» IN91 

Cl TVA I3OO Sprague 5OV 

C2 TVA I3OO 

C3 TE I3OO 

51 Sensor Power Sw. 

52 Paper Drive Switch 

53 Pilots Visual Task Encoder Sw. 

CB 5 Amp Standard MS Circuit 
Breaker 

CL1 CL505CL Sensor Forward 

CL2 CL5O5CL Sensor Left 

CL3 CL505CL Sensor Right 

FIGURE 6 

SENSOR ELECTRONICS PARTS LIST 
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FIG. 7 - CONSOLE PANEL COMPARISONS 
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FIG. 8 - SENSOR CALIBRATION 
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FIG. 9 - RECORDER AND SENSOR ELECTRONICS 
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A model U09 sensor oscillograph recorder vas obtained for use on this program 
from the Naval Air Engineering Center, alon* with a spare magazine and enough 
linograph recording paper for 2h flights. The recorder has the capability of 
operating up to 10 hours, however, it vas decided to make one flight per tape 
(3 hours; to allow analysis of the tape to be expedited. The sensor electronics 
box vas designed and fabricated to mount to the side of the recorder. The 
location, mounting and hookup were simplified by the assistance of Aero* 
Structure Lab of Naval Air Engineering Cent' . 

The monitoring of the censóle and instrument lighting vas accomplished simply 
by setting the galvonometer trace to a voltage level and recording this voltage. 
The brightness and light flux were then measured and correlated with the position 
of the auto transformer vhich determined this voltage. The F-1* has a 28 volt 
auto-transformer (61*37 OECO) vhich controls the console lights and a similar 
transformer feeding a 5V step-dovn transformer •controlling the instrument lighting. 

The resultant trace deflection is then read as auto transformer setting and all 
readings may be thus converted to brightness (foot lamberts) and light flux. 

The encoder switch is designed to allow the observer to monitor the pilots 
primary visual task and record vhen it is either inside or outside the cockpit. 
This basic task definition is far from the desired goal but will give an indica¬ 
tion of the Inside (assumed on instruments) or outside (either has a visual 
target or is seeking to ascertain if there is one). It will also pinpoint the 
times so that the analysis of the visual work load may be correlated to vhat 
the pilot reported he was doing. The switch was mounted in the Radar Intercept 
Officer's compartment so that the observer, who in this case was the RIO, could 
monitor the pilot's visual tasks utilizing one of the pilot's three mirrors. 

Included in the RIO compartment was a switch for turning the recorder drive motor 
on and off. A circuit breaker and a system switch were placed in the compartment 
In the event a malfunction occurred. The magazine was easily changed without 
removing any other equipment. The location of the equipment in this model aircraft 

occupied the space in vhich the APC is normally Installed. The visual load, 
l.t. the scan pattern, apparently is reduced vhen this system is utilized. How¬ 
ever, the normal visual tasks (other than landing) remain generally the same. 

A sample tape from the recorder is shown in Figure 11. An explanation is in 
order here to provide meaning to the data vhich follow. The sample tape was 
taken from Flight No. 3, the first "touch and go" on the simulated carrier field. 
This field is laid out and lighted, with the exception of the drop lights, in 
the same manner as a CVA60 vessel. Trace identification number: 

1. Shows the trace of the forward sensor which is monitoring the light 
vhich penetrates the forward wind screen at approximately the pilots 
angle of vision with the meatball during the final leg of the approach 
to the simulated carrier practise landing field. Trace reading shows 
steady at 0 light and a peak at approximately .001 ft. lamberts 
brightness. 
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2. Shews trace of the left sensor which has been placed at approxi¬ 

mately the eye level of the pilot. The look angle is directly 

outboard. Trace shows anbient light on the left is almost steady 
sero with peak of approximately .001. 

3. Shows the trace of the right sensor. The right sensor is showing 

practically no change as the aircraft touched down and pulled up for 

the go-around. There were no lights to the right at this field. 

I*. Shews the trace of the insti'umcnts auto-transforraer setting. This 

pilot had placed his instrument lights at No. 7 position (approxi- 
mately 3.5 volts on the 5 volt lighting system). 

5* Shows the trace of the consoles auto-transformer setting that the 
pilot had chosen on this particular night. He had selected the 
maximum position No. 10 (approximately 27.8 volts). 

6. Shows the time that pilot was observed to be looking outside. 

Presumably ho is on the "ball” and subsequent interviews established 
this fact. This particular run shows ¡1O seconds on the ball with 
two quick scons outside immediately after touchdown and then back on 
instruments for the pullup. 

7. Shows trace of the indexer (angle of attack indexer) rheostat setting 
which in this run indicates that the pilot elected to set the indexer 
brightness at approximately 1* volts. No measurements could be 

obtained at this low setting and no explanation could be given as to 
the reason it was set so low although it could still be detected with 

the eye. The interruption in the trace is caused by the fact that 
this signal is taken from the lower chevron outsat which indicates a 
slightly fast or very fast" situation. When the gear is pulled up 

this signal disappears and shows on the trace as 0. 

8. Shows the reference trace which allows convenient trace identification 
and orientation of trace position. 

9. Represents a typical trace interruption which allows each trace to be 
identified. 

10. Represents 1 second intervals which are sufficient for this study. 

However, this particular recorder shows about error. An oscillo¬ 
scope was used to establish accurate distance interval time marker and 

calibration tape marked accordingly. The human element in making 
observations is no doubt inaccurate; consequently, all times noted 
should be considered approximate. 
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SAMPLE RECORDER TAPE 

FLIGHT NO. 3, FIRST “TOUCH a GO" 
ON SIMULATED CARRIER FIELD 

3. RIGHT SENSOR 
4. INSTRUMENT LIGHTING 
5. CONSOLE LIGHTING 

9. TRACE IDENTIFICATION MARK 
10. TIDING MARK 

6A.PILOT'S VISUAL TASK-OUTSIDE 
7. INDEXER RHEOSTAT SETTING- 

SIGNAL FROM LOWER CHEVRON 
8. REFERENCE TRACE 

nGURr it 

SAM PL C PPCOPDPP 
PAPf S£6A1£AJr 
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The observation methods that were to be used during the actual flights by the 
team ACEL Naval Officer utilizing a check sheet were changed after the program 
was started. In practically all Naval aircraft where two or more men 

constitute the flight crew, the operational procedures are carried out by the 
crew functioning as a team. To place an observer in the second seat would 

prohibit operation of the aircraft in the normal manner. The flight, if made 
carrying an observer, would be strictly a round robin flight. The second man, 
in all cases, has specific duties and in some cases is actually participating 

in the landing procedure. For these reasons, the second crew man was asked, 

where possible, to serve as our observer. He was briefed on the program, 

given an abbreviated check card as shown in Figure 12, and debriefed alorv' 
with the pilot at the completion of the flight. The interview outline is" 
included in Appendix B. 

The feasibility of this study method was discussed with Naval personnel prior 

to implementation. Visits were made to Patuxent River, NAS Norfolk and Oceana 

where preliminary questionnaires were distributed. During these visits, it was 
emphasized to the team that pilots could not participate in the in-flight 

observations and maintain the normalcy of a night operational flight. This 

led to the proviso that the observer or flight crewman make the observations 
of the pilot's basic visual task. 

An instrumentation package was placed in an F-liB aircraft (Serial No. I51503) 
Of Fighter Squadron VF-IO3. This squadron was located at Oceana NAS. The 

l«ckage was installed on 2>> February 1967. The team members interviewed pilots, 
observed all forms of pilot activity, and made ground observations of take-offs 
aM landings, including simulated carrier night landings. Team personnel were 

available and the instrumentation package was in a "go" status for 16 possible 
flights at this station. Only four flights were made as a result of the air¬ 
craft being placed in a "down" status or being weathered in. The program 

sailed for carrier flights to be made, however, due to circumstances beyond 
the control of the Navy and the Contractor, the aircraft could not be scheduled 
and the instrumentation package was removed on 2b March I967. 

During the period ending 2b March 1967* the team personnel interviewed pilots, 
observed ready room activities, visited the Safety Center and obtained question¬ 
naires previously distributed. In addition, the program provided for visits 
to Quonset Point, Glenview NAS, the carrier Saratoga (dockside at Mayport), 
Cecil Field, NAS Jacksonville, Pensacola and Sanford Naval Air Stations. 

Pilots of various aircraft types were interviewed with observations made of 
many types of aircraft and over 3OO questionnaires distributed. 

Questionnaires were distributed to pilots of the following types of aircraft; 

Pigister, Attack, Transport, Patrol, Helicopter, Reconnaissance and Trainer. 

Interviews were conducted with pilots of fighter and attack aircraft, including 
F-1»* A-4, A-6 and F-8. Interviews were conducted in the aircraft with pilots 

of fighter. Attack, Patrol and Helicopters. Measurements were made of Fighter 
aircraft cockpits (F-4B), with observations being made of Fighter. Attack and 
Patrol aircraft cockpits. 
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FLIGHT NO ^ DATF 3///6,7 

TYPE OF 
NIGHT FLIGHT 

! (Wl ttiTLRClFTS 
£ 

NIGHT /SOURCES 

TIME-THAT 
THE RECORD¬ 
ER TAPE 
TURNED ON 

art oJ~ 15 So 
7./10 

'Hair FimA~ ‘ 
ffw T_l 40 

TIME-THAT 
A/C PASSED 
L.S.O. ON 

first"! ac.' 

Jsfd' e 
2.0 A0. » 

Z ! SU 

TIME* TAPE 

TURNED 

OFF 
2-2, 

NOTES 

PILOT ¿.r 

R.I.O. out 6»* 

FI IftHT R.I.O. INSTRUCTIONS A/C zo+ 
1. ENGAGE C/B ON *2 CIRCUIT BREAKER PANEL. 

2. TURN ON RECORDER DURING ENGINE RUNUP PERIOD. 
NOTE TIME RECORDER TURNED ON. 

3. NOTE TIME OF FIRST 'BOUNCE’ AS YOU PASS LSO. 
ON THE FIRST SERIES OF 'TOUCH AND GO LANDINGS, 

4. OBSERVING THE PILOTS EYES-THE MIRROR,PUSH THE 
ENCODER SWITCH WHENEVER THE PILOT LOOKS 

OUT OF THE COCKPIT-LANDING PATTERN IS THE 

PRIMARY AREA OF INTEREST. 

5. TURN OFF TAPE AT END OF FLIGHT.NOTE TIME. 

IF OBSERVING PILOTS EYE MOVEMENT AND 

OPERATING PUSH BUTTON IN ANY WAY INTERFERES 

WITH NORMAL FLIGHT DUTIES - ABORT THE 

OBSERVATIONS AND NOTE TIMES ONLY. 

F/GURE 1Z 

IAJSTRUCT/OJU CARD FOR OffSFRVFR 
21» 
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The following table represents the general procedure established as a guide in 
performing the aircraft interior checks of the lighting equipment. 

P3QCEIXJRE FOR PILOT’S COMPARTMENT VISUAL STUDY CHECKOUT 

USED BY TEAM 

1. Stray Light: Visual check - use scale 18" 12" 36", according to 
MIL Specifications 

2. Functional check of all lighting: Operate through all phases. 

3» Reflectance: Note if present - Do the Instruments have anti¬ 
diffusing coating? 

k. Glare and Reflected Light: Windshield and canopy - Note. 

5» Uniformity: Ratio of Individual instruments and console panels. 
Note: To be more precisely chocked after brightness 

readings are taken. 

6. Dial Face Obstructions: Note by visual check. 

7» Tracking of Instruments and Consoles: Do they appear to decrease 
uniformly as controls are 
lowered? Note any 
disparagement. 

8. Notes to be taken as to features this aircraft under observation 
may have or lack: Using questionnaires as guide. 

Exemple: Kheeboard lights - Indented controls; lighting 
controls with reference numbers on dial, etc. 

9* Warning and Caution Lights: Dimming feature - Yes, No. 

Example: Fire Warning Lights, Few Caution Lights, 
Not Dimmed. 

10. Check Video Displays for compliance with paragraphs 3.5 and 3.6,2 
of MIL-L-I8276C (if possible). 

11. Cleanliness of Windshield and Canopy. 

12. Make Photometric Readings: Record. 
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Sie "outline" shews the general présentât!un made to those responsible people 
making possible the visits to the individual squadrons and to the pilots 
themselves. The simple outline was a necessity and is considered to be a 
requirement for visits to Naval personnel by civilian employees. The most 
efficient method is one that allows the people with vhan contact must be made 
to grasp the entire program of "what-why and who" in one brief reading as the 
press of operational duties and training does not permit lengthy, time 
consuming interview periods. See Appendices B and C. 

The preliminary questionnaires and the final questionnaires, the Interview e 
fora, are included in the Appendix as 'ools used in this program. 

PLAN FOR OPERATIONAL STUDY OF 
PILOTS'NIGHT VISUAL REQUIREMENTS 

NOO156-67-C-IIOO 
For Naval Air 
Engineering Center OUTLINE 

I. Purpose: 

A. To study visual tasks required of pilots during night flight operations. 

B. To study those environmental variables (both internal and external) 
which may affect the performance of the visual task. 

C. To Identify those parameters of pilots' night visual tasks which 
need further definition and study. 

II. Personnel Involved in the study: 

A. Aerospace crew equlpmenv laboratory, Naval Air Engineering Center 
assigned Naval Officer and North American Aviation Engineer and 
Psychologist will perform the study and evaluations. 

B. Navy pilots will be the source of Information for this study. 

HI. Methods of study: 

A. Questionnaires 

B. Inflight observations 

C. Pilot interviews 

B. Informal conversations with pilots 

B. Photometric measurements (with limited inflight recording) 

ÉMWMilHïttaiftÉÉ ÉÉÉ 
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m. RESULTS 

The results of this study are compiled In the following order: 

A. Observation and Interview - The task breakdown, Identification 
and description. 

B. Questionnaire - The form, typical answers, summarization and 
tabulation. 

C. Recorded Infonration - The results of instrumentation and 
photometric measurement. 

A. Observations and Interviewa 

1. Task Breakdown 

The visual tasks are grouped in the following table by their basic classi¬ 
fication. The table presents, in simple terms, Just what the tasks are. 
It shows the generalization of these tasks. This table will represent the 
basic tasks of a fighter pilot and show the proper perspective for the 
visual task separation by the aircraft groups. It will also point out the 
similarities in all phases of the pilot’s visual task. 

PUX)T SITUATION VISUAL TASK LIGHTING CONDITION 

Carrier 

(A) BRIEFING 

Land Base 

Read Notices-Blackboard 
TV-Weather, Notes on 
Mission-Select Kaps, 
Radio Info. Notation. 
Bat-Relax-Equip.Check 

SAME 

-Dark Adaptetion 

- Normal Room Lighting 

Carrier 

(B) PREFLIGHT 

Land Base 

Inspect aircraft-Eign- 
off Sheet-Stores Check- 
Equlp. Check 

SAME 

Reduced lighting 
Must make personal 
effort to avoid des¬ 
troying, dark adaptation 
or wear (not normally) 
red goggles. 
No dark adaptation. 
Technique other than 
red lens flash. 
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Carrier 

(C) COCKPIT 
CHECKOUT 

Land Base 

Seat Check & Strap-in 
Console Check-Plane 
Captain-Instruments, 
Ext. ft Int. Lts. Set- 
Start A/C. 

SAKE 

- Mist use care to avoid 
outside lights of other 
A/C. Int. Its. set as 
desired. Red lens flash- 
personal gear. 

- Same, except for lights- 
very bright on hangers, 
tow carts & taxi Its. 
of other A/C moving 
in area. 

Carrier 

(D) TAXI 

Watch plane directors, 
other A/C deck lights- 
gulde lights, personnel 
on deck-equlp. on deck. 
Some signals require 
radio transmission. 

- Deck lighting Lo-level 
red. Flane director's 
lighted wands. 

Land Base Ramp area traffic- 
Taxivay Plane Director- 
Plane Captain 
Other A/C & vehicles 
in area. 

- No lighting precautions. 
Blue light-Taxivay 
No apparent standardi¬ 
zation of runways - 
Intersection & turnoffs 

Carrier 

(E) TAKE-OFF 

Plane Capt. Launch 
Officer 
flight Inst., Eng. 
Tnat., Gyro. 

- Normal sky cond. 

Not applicable as pilot 
looks at gyro-I.F.R. 
lamedla tel y after launch. 

Land Base Radio check-Other A/C 
taxiing area-Ehg. & 
flight inst. Runway- 
other A/c in area 
alztome. 

- Runway lights. 
Horlz. sky contrast 
condltlons-Inst. flight 
not always required at 
night. 
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PILOT SITUATION VISUAL TASK LIGHTING CONDITION 

Carrier 
(P) CLIMB OUT 

(To heading & alt. 
assigned or local 
pattern) 

Land Base 

Flight Inst.-Utility 
Sye. Eng. Inst. - 
Other A/C radio 
freq. shift. 

Flight Inat.-Nav. 
Inst.-Utility-Other 
A/C in area-Radlo freq. 

Sky conditions. 
Ext. lights preset - 
period where adj. to 
lnt.lts.may be made. 

More concerned with A/C 
in area. Scan will be 
more frequent. To make 
visual check here. 

(G) CRUISE 

Carrier Flight Inst.-Nav. Inst.- 
Eng. Inst.-Radio-Scan 
outside other A/C 
traffic. Radar is 
energized. Normal scan 
Out-In-Alert. 

Land Base Flight Inst.-Nav. Inst.- 
Eng. Inst.-Radio scan of 
in ft out more frequent 
other A/C traffic-If no 
radar, will fly segment 
flight. 

Anti-collision off. 
Ext. Its. as sky cond. 
dictates. Int. Its. 
as desired. 

Anti-Collision on, 
except sect, flight. 
Sky condition dictates 
Ext. Its. setup & 
usually Int.Its. reqmt. 

Öarrier - 

(H) MISSION 

Land Base.* 

. Ferry Mission 

(Extension of Cruise) 

{Surveillance 
Reconnaissance 
Search 

Intercept 

Q Weapons 
ellvery 

-Ground 

- til 
Cover 

Refuel 

Join-up 

29 
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PILOT SITUATION VISUAL TASK LIGHTING CONDITION 

Carrier 

(I) land 

CCA Control-Nav.-Flight 
Inet.-Radio-Other A/C- 
Detect. of carrier hdg. 
Glidescope -Meatball- 
Drop lights Indexer- 
Gyro-Meatball. 

- Drop lights & general 
carrier It. vary - 
Mirror or Fresnal lens. 

Land Base 

Carrier 

(J) TAXI 

Land Base 

Same, except no drop - Other A/c in area more 
lights & unless on FMLP, concern, 
no mirror or Fresnal lens. 

Plane Director - 
Signalman. Same as 
Taxi for Take-off. 

Same as taxi for 
Take-off. 

- Lo level red floods, 
lighted vands. 

- Blue taxi Its., white 
runways, flood & spot Its. 

2. Ready Room Activities 

Identification and description of the visual tasks in the ready room are essential 
in understanding the duties of the pilot. The briefing session is a prime factor 
in establishing the highest possible confidence level in the pilot. In the 
briefing the majority of the planning and operational procedures are reviewed, 
questioned and resolved. Lectures on safety, training and flight syllabi arc 
presented. Pilots here formulate any tactics which are to be executed In the 
projected mission. 

Carrier Ready Room activities are essentially the same, except for the dark adap- 
tation requirements, which are not required on land bases. Night training flights 

Z1 w frï? i durinß the twlllC*>t hours generally permit the preflight inspection 
to be heM in daylight so that any pre-conditioning would be a wasted effort. The 
transition to complete darkness usually takes place so slowly as to allow a natural 
state of dark adaptation to be acquired during the flight. 

Most of the pilot stimulation in the ready room is auditory. Vision plays a 
secccdary role, with the exception of reading charts and transcribing the data 
necessary for the upcoming mission. The atmosphere might best be described as an 
easy, relax*!, informal gathering of professionals with a common purpose. This 
has the effect of stimulating the confidence of the crews. Pilot and crew members 
continually check one another informally during this briefing so there is little 
chance that an important time, frequency, or position coordinate could be missed. 
This atmosphere was apparent during all briefings attended by the team, regardless 
of the mission or time. 
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3* Prefllght 

Preflight consiste of a basic inspection of the exterior of the aircraft 
and, to the extent required, a checkout of the control surfaces, landing 
gear, tanks and stores. Carrier and land based preflight tasks are similar. 

Approximately half of the pilots interviewed and observed in the preflight 
task use clear lens flashlights; the others use a standard red lens flashlight. 
Occasionally a screwdriver is obtained from a plane captain to verify a panel 
ffcstener secured or door properly closed. 

The average tin* involved, from all observations, is 12 minutes, nnd the 
procedure in liftTOPS manual is generally followed for all aircraft types. 
The time and manner in which the checkout is made varies from pilot to 
pilot and from aircraft to aircraft. This variation indicates the pilot's 
confidence level in his aircraft and crew. 

The pilot is aware of the extremely bright floodlights mounted on the hanger. 
The comments concerning these lights were: "You Just have to get used to 
thCK-Just don't look directly at them." The floodlights are distracting 

bringing aircraft in to park; however, they are necessary, not only to 
but for 8ervicft a,,d maintenance personnel and to allow 

traffic to move about safely. 

An example of a walk-around diagram for a preflight of an F-»*B is given in 
Figure 13. The pilots ere generally accompanied by the R.I.O. They start 
in a position by the ladder and move to area as designated below: 

(a) The inspection of this area involves a good visual check of the nose 
(|j *nd wheel and takes approximately I/2 to 1 minute; another 

1/2 minute is given to a check of the rador..e area, probe vents and 
condition of the radomc itself. 

Itacts and doors are inspected, including a good look down the intake 
area with the flashlight; the average time is I/2 minute. 

The wing Condition is observed by both sight and feel, the fold area 
«»a all control surfaces occupying another I/2 minute. 

A pause at the wing tip where lights are checked and condition of the 
ving is given a good visual check. Both upper and lower surfaces are 
viewed with the aló of a flashlight. Wing condition check involves a 
visual as well as what aorae pilots refer to as a shake test. Time Is 
about 1/2 minute. 
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(e) 

(D 
The particular route followed by the pilots varies and the sequence 
differs, but In general all pilots check the main gear and veils when 
looking over the external stores. The check at this point involves 
about I-I/2 minutes, and much more extensive use of the flashlight in 
close quarters. The answer given by pilots to the question, "Why 
clear flashlight rather than red?", was in most cases: "Hydraulic 
fluid not Immediately evident under red lens flashlight, especially 
on a clear surface". 

(f) The centerline tank and lower section of the aircraft follows. This 
Involves another l/2 minute, with the pilot lotíking for doors secured, 
the drains dry and all reservoirs full. 

(g) Another I/2 minute is involved in the engine exhaust visual check. 
(7) It Is apparent that in this area the red light is inadequate for a 

thorough visual Inspection. 

(h) The stabilizer and rudder inspection requires another i/s minute. ©Particular attention is paid to freedom of movement of the horizontal 
stabilizer. The exterior lights are not operationally checked at this 
point. 

(i) The drag chute area and rudder is given a visual inspection, with some 
attention being paid to tail hook area. Approximate tire involved is 
1/2 minute. 

Ü) 
à 

<*) 

(d 
í 

The stabilizer on the left side is checked in the same manner, with the 
time being approximately l/p minute. If some flaw is noted, then the 
crew is called, and as much time as neceesaiy is taken to correct the 
difficulty. This may be the reason that the pilots head out to the 
aircraft 30 to fcO minutes before flight time. 

The left engine exhaust area requires another I/2 minute to check 
auxiliary doors and access doors. Note: Most preflight items are 
Visible, requiring no doors to be opened. The more rigorous inspec¬ 
tion and checks are usually held prior to an aircraft's being placed 
in an "up status". Note here that the Ready Room, as well as the 
Maintenance Shop, posts the reason for aircraft being down so that 
pilots and operations know the status. This serves to expedite 
scheduling, as well as to instill confidence in pilots, for they may 
then satisfy themselves concerning any discrepancy and remove that 
sense of, "Were the repairs made correctly?" 

The left main gear and underside of the aircraft are checked in the 
same manner as the right side,and this check consumes approximately 
1-1/2 minutes. 
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S“* l™*™1 surfaces are visually and physically inspected as the 
(•3) around the Tlme consumed is approximately i/a 

(n) The left wing is inspected in the same manner as the right wing and 
(g) requires another I/2 minute. e 6 

Í/í* y1"2 requlres the sme Blount of time as the (JS) right ving—another 1/2 minute. 

M iast preflight check takes place at the left engine inlet ramp 
(g) area »n*1 Involves approximately I/2 minute. P 

The summary of these tasks shows approximately 12 minutes average time vi+h 
J2'“ ft' brightness In ihc pilot's ever2o vís"°í Tesh. 

Most of the land based preflights of this squadron at Oceana, take place in * 
airdraftk wlJh flashlli3ht being required on the underside of the 
aircraft. The pilots of land based aircraft do not attempt to dark edaot huj 

IL^t^r/rí? direCtljr “ hI^ into„sltyPîlghtînfoî „Sir 
aircraft, carts ana the hangar area. Some squadrons, such as ASW and 
rescue tees« did utilise dark adaptation tecL,uo^ r/ “ 
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A. Interior Checks 

There are no noted deviations from ÎIAVAIR procedures, although the sequence 
was rapid and encompassed many tasks at one time. The interior checks are 
listed in the handbook for each aircraft and are quite extensive. For 
example, the F-l( lists 135 items for pilot alone. These items, accord!nr 
t0 the experienced pilots, arc all quite similar for Jet aircraft. 

ftiring the entry into the cockpit, the pilot is normally accompanied by 
the pane captain. While the ^trap-in" is in process, the pilot is 
checking tna console control panels for handle and switch nor it'one. The 
handbook procedures do not indicate what lighting system is to be used ‘ 
during these checks. At this point, external power is available on the 
aircraft, but there are approxiratoly 65 items to be checked bef0lv ext-nm' 

ls }n nonna3 nl-ht f]idht preparation the plane captain 
holds a red flashlight to assist the pilot in finding the necessary oouir- 
ment within the cockpit. Mote: Mo pilots interviewe-d indicated that thev 
carried more than one flashlight. Tne rajority of th re carried sta-idaV 
Boy Scout type, right angle head with clip. Utir 

The atrap-in procedure is usually a simple on-, with the plane captain 
eJnrî'* !I1G lns?cctlon of rect to occupy more of the pilot s attention than any other preflight check. 

taring this procedure the pilots use a scan pattem,starting at the aft 1''ft 
f*Vly ar0Und th° COCÎ;plt t0 thc aft right console. 

Here they preset their interior and exterior lights to their p-rr,onal re¬ 
ference and then switch on external power. 1 

The interior light level setting is, in almost every case, what thc pilot 
personaliy desires, based on his experience, familiarity with the aircraft 
fielt, lighting and the night plan. Very few pilots indicated, nor did the 
♦U6 ® * settinS "as made for preflight and then changed for the 
take-off. I.F.R. flights were no different than V.F.R. flights in this 
regard. Pilots indicated that the carrier settings for interior l<rhts are 
usually higner than land based flights. This is understandable in that the 
first 30 seconds of carrier launch flights are "full on" gyro, airspeed and 
altimeter, even on a clear night. The primary Job on carrier launch is 
get in the air, climb and acquire heading, then worry about other aircraft 

in the area and seeing outside the cockpit." 
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B. Questionnaire Results 

A summary of the questionnaires is presented in this section, 
detailed summary may be found in Appendix C. 

A more 

The majority of the questionnaires were completed by experienced pilots 
Operating current types of Navy aircraft. 

The questionnaires were separated by aircraft typos and the answers reviewed 

ÎLhïÎÜ î ÎÎ, wîeref Predominatin6> as follows: Taxiway lighting, carrier 

ÍÍ?ÍÍSi<ínfÍ'lghl.feíUeÍíneí n0St Severe task' Hewing problems in 
the cockpit, insufficiently lighted instruments, aircraft exterior lirehtinp 

caujion-waming lights, reflection, kneeboard lights, gunsigíts, and caîrS 

Lighting. Fourteen out of twenty-eight pilots of the A-b 
responded with inputs such as: Five felt blue taxi lights inadequate; 3 found 
the curved and angled taxiways confusing due to spacing, 2 mentioned the 

lntorscctiQns> 2 mentioned the large gaps in taxivay lirhts, 
Md 2 fe*Very Stronßly about the excess of white lights around the han-ar 
areas. This approximate proportion was spread throughout all types of 

aircraft. Helicopter, patrol and reconnaissance pilots felt more strongly 

if6!!8 °f Whlte llehts* ^dve of kb helicopter pilots stated excess 
white lights were dangerous and distracting. 

gwier Deck Lighting. Answers indicate that pilots desire white or red flood 

on deck. Also on forward and cat areas. Of the 28 A-h pilots, 7 - white flood 
the deck; 5 - red flood the deck; and 8 - light the forward area. On dror 

lights for line up, standard comient was, "It has solved my line un problem." 

i ?f 283:?C pilotG' 9 expressed a preference for'white floods 
«4 4 for red floods. Of bb helicopter pilots, 4 preferred white floods and 
' floods. The helicopter pilot has the problem of picking up the LSE in the 

landing pad area, rather than the LSO. The ''update and standardize" comment 

occurred only 3 times out of 226, while 23 of 226 noted "light the forward 

Refueling. Many inputs centered around the basket and probe with 

IB df 226 suggesting outline the tanker aircraft," 48 comments on lighting 

»stet and probe from receiver aircraft, and I3 (lO of which were A-4 pilots) 
want«« the hose lighted also. This indicates a need for determining the 

m0Íi0? and closure rate in the last few feet of Join-up during 
1 nr light refueling. 
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n1 Wlght Carrler Land^g. A majority of the pilots 
T;e UP " ^ m“st 8evere visual task performed during S^t 

fhovever» »any commented that "centerline drop lights have ^ 
solved the prdblem of line, up." Pilots answering "line uo" are as ~\ma 
<kk the A.li n Oft. DA -1C r, _ „ a _ f UP are as follows s 
ftp 7 «r 01 ? 4 f1"?' 7 0f F-8' 3 Of 8, RA-5C, 16 of 28; and 
PlSJ ^ U hsiicopter pilots indicated "line up." 
yjyxng the oall and the shift from a static cockpit environment to a dvna».4« 
environment (IFR to VFR) were listed by other pilots? 

~g-h^g Frobl.em8 *n the Cockpit. Reflections on windshield and canopies was 
St RA?íc Sr^rPpAb'Len,^1íSÍ4 by pllot® a8 follows: A-4, 10 of 28; A-6, 6 of 

Mnt Utting »t a confortaMell.v.1 (to «.«th/fnstmieiu) till ílf 

he must be able to see outside as well as inside the aircraft. RA-5C P?r 

rf i“ír^ní^t^?t8 "le° 11,ted "0n-Unlf0m1^ ^ intenr.lty* 

ónn:f-p^oL 
6“-1F ^‘».10 P-3 and P-2 pilota, «d 5 (for iocatToi! n“ iirht) nA?tc ’ 
£L»‘à r.1*1. 0. !f m°St f«2“«nt inatrument notad »a. radio channel readouts 

ïS?Sl‘,r^te^îCat0r "0t UMd- Thlrteen ^5° »llot> »e«i»nÄ8' 

Lifihtin^. This produced many similar comments express!nr 
SLSI? lí reC0GniÍiOn at a 8reat" distance. Strobe lights, ïs^n ^ 

«ÄÄ LTl ÄÄuVä dlrectionf"8 ‘SZÄ 

.‘äZÄÄÄ01'need to 5ee- "Need 

CgstOe Lighting. Most felt that console lighting produced reflections. P-8, 

li¿hted^sufficiently?iC0Pter8 light1^ or count-® a- not ’ 

^gU;lon sad. Warnlnp Lights. This category received the most singular resnonso 
or any one subject. Pilots of aircraft with Master Caution sistemrieU tw 
dirndl «Shíií^V66*1?? dlKn,lnß; ^ some sircraft types require more 
dinning capability for all warning and caution lights. Others felt th#» 
naming and caution lights should be grouped^ MaS pilots elírv ^J 1 
scheduled for night operations. ^ pll0ts carry ^ whenever 

^Srí?¿tf'?n*;he^Zt.fr8l'U<!nt C”*nt ^ g00d-" 11,0 ^1048 
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Ruaerous categorizations and many methods of analysis could be performed on 
the questionnaires In hand and enroute. These will be kept available as a 
base for any future programs. 

It would appear that pilots are highly adaptable professionals who can get 
used to almost anything. Many times the reply, "It's not right but you 
learn to live with it, comes up, both on the questionnaire and in personal 
interview. 

If the pilot's visual task is going to be alleviated, and the writers feel 
it should be, botherrane, distracting, and unnecessary visual stimuli should 
be eliminated. There is no visual task In total darkness. Illunination is 
the key to efficient visual interpretation at night. Deceiving, bothersome, 
and airiblguous illumination must be eliminated as much as possible from the 
pilot's environment. 

The summary of the questionnaires and the insight gained from a thorough 
review indicates that the severity of the visual task is directly related 
to the proximity of the aircraft to the ground or adjacent aircraft. This 
was verified by the repeated and consistent inputs during the interviews 
where the pilots emphasized the "need" to see an external point or object. 
The inflight monitoring confirmed this observation. The majority of the 
Inflight changes occurred in those periods whore the external targets were 
to become more and more important. The lowering of the Inside light setting 
as the external light level dropped is very simply a result of the pilot 
becoming dark adapted. He is attempting to maintain his maximum visual 
acuity. 
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C. Recorded Information 

The instrumentation, the de-briefings and the photometric measurements allowed 
the compilation of information to be made in the following order: 

1. Flight No. 1 
2. Flight No. 2 

' 3. Flight No. 3 
4. Flight No. U 
5. Photometric Measurements and observations. 

1. Flight No. 1 - Date: Monday, 27 February 196ï 
Aircraft: F-4b (151503) 
Questionnaire: Previously completed 
ñlot: tt(JG) Skinner, Hours - Day 3^0, Night 60 
RIO: Lt(jO) Marshik, Hours - Day 29O, Night 90 

In discussing the aircraft lighting and the visual tasks with the pilot, the 
following notes were made: 

Tm Indexer - The pilot Indicated that since he kept the light level fairly high, 
ll'is eSHy picked up in his peripheral vision. (The tape shows that he did 
leave the Indexer high, -l6 to l8 volts.) 

Airspeed Indicator - The pilot mentioned that this instrument is "poorly lighted." 
The measurements' show the comparatively low brightness levels. 

tote of Climb Indicator - This pilot found this instrument difficult to read; 
iiservailon showed it to be less brightly lighted. 

Pneumatic Fressure Indicator - The pilot Indicated that it is difficult to read. 
fSTa particular arrangement has panel lighted Instruments. The indicator is a 
2 Inch standard round instrument set into a panel which is lighted by five or six 
MS25OI0 type lamp assemblies. The reflections and glare of this Instrument, 
partly due to the viewing angle, affords little contrast and as a result is 
difficult to read. 

Right Engine Tachometer - The pilot indicated that the instrument was more difficult 
la rtSS than the left tachometer, possibly due to the viewing angle as the lighting 
was Identical. 

Qyro - '¿he pilot reported that this Instrument was too bright. This was somewhat 
inconsistent as a majority of the pilots felt that the gyro was not bright enough. 
New pilots, those with relatively few hours, tend to carry the interior lights at 
a higher level than the experienced pilots. The explanation is that with the 
Instruments lighting at a high level, the large area of the gyro produces consider¬ 
ably more light flux than the adjacent instruments. If the instruments are lighted 
at a lower setting of the Instrument panel, then the gyro is,according to the pilots, ‘ 
beautifully lighted. As may be seen from the charts, this caused problems with a 
few of the other instruments. This lack of uniformity, as represented in Figure 24, 
is of no great concern to the pilot, but studies have shown that this is one of the 
major factors in eye fatigue. The recorder tape taken from this flight showed that 
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liase roas categorizations and many methods of analysis could be performed on 
the questionnaires In hand and enroute. These will be kept available as a 
base for any future programs. 

It would appear that pilots are highly adaptable professionals who can get 
used to almost anything. Many times the reply, "It's not right but you 
learn to live with It, comes up, both on the questionnaire and in personal 
Interview. 

If the pilot's visual task Is going to be alleviated, and the writers feel 
It should be, bothersome, distracting.; and unnecessary visual stimuli should 
be eliminated. There is no visual task in total darkness. Illumination is 
the key to efficient visual interpretation at night. Deceiving, bothersome, 
and ambiguous illumination must be eliminated as much as possible from the 
pilot's environment. 

The summary of the questionnaires and the insight gained from a thorough 
review indicates that the severity of the visual task is directly related 
to the proximity of the aircraft to the ground or adjacent aircraft. This 
was verified by the repeated and consistent inputs during the interviews 
where the pilots emphasized the "need" to see an external point or object. 
The inflight monitoring confirmed thin observation. The majority of the 
inflight changes occurred in those periods whore the external targets were 
to became more and more important. The lowering of the inside light setting 
as the external light level dropped is very simply a result of the pilot 
becoming dark adapted. He is attempting to maintain his maximum visual 
acuity. 
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C. Recorded Information 

The instrumentation, the de-brleflngs and the photometric measurements allowed 
the compilation of information to be made in the following order: 

1. Flight No. 1 
2. Flight No. 2 

’ 3. Flight No. 3 
4. Flight No. 4 
5* Photometric Measurements and observations. 

1. Flight No. 1 - Date: Monday, 27 February I967 
Aircraft: F-to (151503) 
Questionnaire: Previously completed 
Pilot: Lt(JG) Skinner, Hours - Day 36O, Night 60 
RIO: Lt(JG) Marshik, Hours - Day 29O, Night 90 

In discussing the aircraft lighting and the visual tasks with the pilot, the 
following notes were made: 

the Indexer - The pilot indicated that since he kept the light level fairly high, 
it Is easily picked up in his peripheral vision. (The tape shows that he did 
leave the Indexer high, -l6 to l8 volts.) 

Mrsgeed Indicator - The pilot mentioned that this instrument is "poorly lighted." 
The measurements show the comparatively low brightness levels. 

Rate of Climb Indicator - This pilot found this instrument difficult to read; 
Snervation showed it to be less brightly lighted. 

Pneumatic Pressure Indicator - The pilot indicated that it is difficult to read. 
This particular arrangement has panel lighted instruments. The indicator is a 
2 inch standard round instrument set into a panel which is lighted by five or six 
MS25OIO type lamp assemblies. The reflections and glare of this instrument, 
partly due to the viewing angle, affords little contrast and as a result is 
difficult to read. 

Right Engine Tachometer - The pilot indicated that the instrument was more difficult 
to read than the left tachometer, possibly due to the viewing angle as the lighting 
was identical. 

Oyro - The pilot reported that this instrument was too bright. This was somewhat 
inconsistent as a majority of the pilots felt that the gyro was not bright enough. 
New pilots, those with relatively few hours, tend to carry the interior lights at 
a higher level than the experienced pilots. The explanation is that with the 
instruments lighting at a high level, the large area of the gyro produces consider¬ 
ably more light flux than the adjacent Instruments. If the instruments are lighted 
at a lower setting of the instrument panel, then the gyro is,according to the pilots, 
beautifully lighted. As may be seen from the charts, this caused problems with a 
few or the other instruments. This lack of uniformity, as represented in Figure 24, 
is of no great concern to the pilot, but studies have shown that this is one of the 
major factors in eye fatigue. The recorder tape taken from this flight showed that 
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the pilot changed his inetruments lighting control from the No. 9 position to 
^18 Change lowered the light flux from 3.2 x 10-3 FC * 

turbulence «th «nd« up to 20 knot«, Bettered 

t00kJÍ“e “ ll°°- ^ Wlot tad floro Monday afternoon 
*0 LL?iSht ÎÏ? preceding Thursday. The briefing required approximately 
3°-“!,nut®8* particular training mission was briefed for Night Intercet s * 
•ad Touch and Go landings at a simulated carrier landing field. P 

I^eflight - pie preflight checkout procedure averaged 12 minutes with the cocknit 

lights at the No. 9 position for his cockpit check, taxi and take-off. The 
indexer rheostat was left at I6-I7 volts (approximately .0002 FC). 

The Flieht - 

I9I2 - The recorder is turned on. Approximately 2 minutes after leavinr the 
run-up area, the aircraft is airborne. Five seconds after lift-off 
the pilot has brought the gear up. As he started the take-off run. 

í°rV8rdvsensor registered .01 ft. lamberts, the left sensor 

I™ SenS0r' very lov’ *005. The hangars 
are located to the left in this take-off. 

1915 * “í4;0" the »llot’s »««"Mon 1. primarily on the instru- 
8»sta with quick scans out to the left, forward and right. The 

esta^llshed the concern of the pilots for traffic 
îLÎÏ1! fl!.d (??ea?a^ Mediately after lift off with nose high 
attitude, the pilot s attention is "on the gages" with the outside 
light level dropping to very low level (approximately .005 ft.lamberts). 

1916 During the climb the scan pattern is being maintained. The pilot is 
«1er Air Control during this phase and must fly the prescribed course. 
yje pattern of teamwork is evident here as the RIO is functioning as 

t ey5f °“ the pllot *n ^at he too makes frequent scans outside the 
Aircrerte 

1918 Reduced the setting of the instrument lighting to Position No. 7, The 
pilot reached his cruise altitude and proceeded with the ore-planned 
Heading, * 

I92O - TJ« left sensor is showing approximately .007 ft.lamberts with the 
right sensor at .001 ft. lamberts and the left sensor almost 0 ft.lamberts. 

ho 
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1930 ' The orbing Period was completed and the pilot headed for the 
area. The scan pattern is frequent and is reported as being 

rapid during turns and whenever traffic is suspected in the area. 

I931» - A series of Touch and Go" landings was made. The pilot reported 
that^due to the wind conditions, he was holding "Fast to slightly 
Fast on the approach. The first landing was a wave-off with long 

in the forward direction. The RIO is calling airspeed 
and altitude on this particular flight. The average time for the 
go-around was 3-1/2 minutes. The pilot was "on the ball" for 
‘»ö seconds. The average time "on the ball" is 30 seconds. 

j-iS3 ■ A hot fuel turn around" was made and the second section of this 
flight was aborted shortly after take-off due to the wind conditions. 

Note that night recoveries will normally be affected in the same manner as an 
instrument flight. All night landings on an actual carrier will be Carrier 
du^t^tS (CCAÎ* T*1*2 "round the race track" pattern is established 

îî n/ traffic- The last 2 to 3 miles are the critical 
simulation th~ laniinG and' as a result, this pattern is satisfactory for carrier 

2* Flight No. 2 - Date: Tuesday, 28 February I967 
Aircraft: F4b (15I503) (No APC System) 
Questionnaires: Pilot indicated completed. 
Pilot: Lt. Cdr. Colgan, Ops Officer, Hours 3500 Dav. 

6OO Night. 
RIO: Lt. Lance De St. Croix, Hours - 6OO Day, I50 Night 

ü¡Í!/lleht4.üBS4.briefeí at 1700 for 1815 takeoff* Th® scheduled flight involved 
Î the tarfet í0r lnterc®Pt aircraft, six touch and go night landings, a 

Ïm/Ïh îraÎ.0Und an<* 6i2 more touch and 6° landings. Tape was not obtained on 

debriefing^by S' ^ °" “ bri'r‘"« a"d 

This pilot utilised a red flashlight and approximately 10 minutes for preflighting 

r:tln810 tMs r"ponEibiiity - d 

J?* ai 1&*t°> nleht touch and go's commencing at I931. The 
flight ended at 20:55. Weather: Clear, 10 knot wind, scattered clouds, moon 
low in sky, some haze. Sunset at 18:57. Temperature 1*7° with I5-3O knot gusts. 

6îmufated laad1”« flald 1» bhoro in Fleure H. This emulated 
fbÜ lfí ! Í a<:tual apProaeh “ '»»m in Figure 15. The shaded area shows 

external scan pattern as taken from notes of debriefing immediately after 
CVA^typé cwriïï ^ represent8 the card containing visual signals required on this 

U 
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LOST COMMUNICATIONS VISUAL SIGNALS 
(Reverse Side of Approach Plate ) 

AIRCRAFT TO SHIP SIGNALS 

IMMEDIATE LANDING REQUIRED 

DAY: Fly close aboard the PORT side of the ship landing 
configuration, hook DOWN, rocking wings and/or rock 
wings from ^5* position until groove. 

HIGMT: Same, with A/c lights BRT/STDY and short flashes on 
the taxi light (anti-collision light OUT). If on 
an approach, flash taxi light between 3 and I-1/2 
miles astern. Flash nav. lights if taxi light is out. 

DELAYED LANDING: (Cannot complete mission, will land at 
scheduled recovery time.) 

DAY: Fly close aboard PORT side of ship, clean config., 
hook DOWN, rocking wings. 

NIGHT: Same, with lights BRT/fLASH. Anti-collision light 
on. Orbit overhead at 2000*. 

BINGOING TO BEACH; 

DAY: Fly close aboard PORT side, clean config., hook UP, 
rocking wings. If a launch is not in progress, make 
a starboard 90* turn across the bow ahead of the ship, 
then turn to the proper Bingo heading. 

NIGHT: Same, with lights BRT/STDY, anti-collision light OUT. 

SHIP TO AIRCRAFT SIGNALS. 

1. Blinking green light from tower 
or flashing cut lights from LSO. 
Runway lights on. 

2. Blinking red waveoff lights or 
red flares from LSO. 

3. Runway lights out with center 
line lights on or off. 

4. Flashing green cut and red 
wave off lights on mirror. 

$. Steady 3 second cut lights 
or ALDIS lamp. 

Burn down to land. 

Maximum conserve, stay 
within vis. dlst. of ship. 

Closed deck. 
Aircraft in groove 
proceed to divert field. 
LSO has acknowledged 
positive control of A/c. 

FIGURE 16. 

LOST COMMUNICATIONS VISUAL SIGNALS 

44 

-11.-1,1-1,1:..1.. Il; li 



P#rai 351-F 

NADC-AC-6803 

NORTH AMERICAN AVIATION , INC. 
COlUMlUt DIVISION 
COIUMSUS I*. OHIO 

The scan pattern of this more experienced pilot vas as reported at the last leg 

of the landing pattern to be primarily on the ball, at 600 ft. altitude with 
his scan pattern Inside the aircraft covering airspeed, altitude, approach 

indexer and angle of attack indicated. 

During the debriefing, this pilot commented on the susceptibility of pilots 
to vertigo Induced by anticollision light, especially in the "clag," (Sky 
condition affecting visibility from aircraft lights, i.e. haze, fog, etc.) 
Rotation from this interview: During the final phase of landing, "Watch the 
ball all the way in" seems to be a rule inviolate. One experienced pilot 
Indicated that, "every landing should come as a surprise," meaning the pilot should 
have no clue as to the moment the hook engages since he has not been watching 
the deck, but has had his eyes on meatball and lineup. With the AFC system 
there is no reason to watch the airspeed. If proper glide slope is acquired and 
aircraft attitude is correct, the aircraft will pick up the wire every time. 

During the debriefing, the following comments were made by the pilot, "Heflections 
are Just something you have to get used to and arc not distracting except on the 
blackest of nights, at which time you should have interior lights down, thereby 
reducing the reflections. 

"On the occasions when I needed the instrument floods, they were inadequate for 
lighting the most needed instrument, the gyro. 

"One thing that does bother me is the leakage around the gunsight, coming from 

the radar projection . . . . I blank it out with a piece of tape, or whatever is 
handy. 

"Cat shot is one place where you must protect your eyes, especially from the 

plane in front. An A/b takeoff from the plane in front is a pretty high 
intensity light until he is away. I'm on gyro airspeed and altitude indicator 

anyway so I don't look." 

3. Flight No. 3 - Date: Wednesday, 1 March I967 
Aircraft: F-lB (151503) 
Questionnaires: Previously completed 
Pilot: Lt. Oakes, Hours - Day I5OO, Night 200 
RIO: Ens. Clayton, Hours - Day 200, Night 1»0 

The interview revealed W hours since this pilot's last night flight. This 

flight was scheduled for VFR night intercepts with touch and go night bounces 

to follow. 

The standard pre-flight strap-in and cockpit check was made. This pilot utilized 
a standard Navy flashlight (clear lens). The interior lights were set to his 

preference. Tape showed instruments set at Position No. 6 and console at No. 10. 

NOTE: Position settings of uutotransformer indicate relative settings: 

0 - Off; 1, 2, 3; * • • • 10 (maximum). 
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The taxi lights were utilized even though the time was 181*5 and still light. 
It was indicated that the lights were used "more to fill dark voids on the taxi 
strip" as the result of twilight conditions. 

Weather: exceptionally clear, 20 mile visibility, winds 10 to 15 knots. 

1940 - The recorder was turned on approximately 1 minute before takeoff. 
Primary attention was outside on the takeoff run except for scanning 
airspeed and engine instruments. 

1943 - Takeoff was accomplished. 

I95O. - During climb-out the pilot almost constantly looked outside the 
aircraft except for checks on airspeed, engine instruments and 
wheels and flaps. (Two aircraft were on this mission with anti- 
colllsion lights turned on.) 

1955 - The cruise was accomplished with the pilot's attention outside 
the aircraft most of the time. Instrument lights were set to 
Position 7 (reported) and the console to Position 4 or 5» The 
floods were on dim with the radar scope turned all the way down. 

2011 - The tactical training mission, intercepts, was carried out with 
the pilot reportedly looking outside most of the time. The tape 
shows Infrequent scans outside. 

2OI9 - Intercept was made with the second aircraft flying closely along¬ 
side for about 1 minute. The anticollision light was operating. 
The pilot was scanning outside. 

2033 - îîhe final intercept was completed. The RIO reported that if the 
switch were under the left foot, he would have been able to 
maintain a better record. In reality, the switch could only be 
engaged when the RIO was free of his normal duties. 

2050 - The pilot was vectored to the marshalling point and made 7 touch 
and go landings. He returned to the field for a hot fuel turn¬ 
around and made 7 more touch and go landings. 

m 

2057 - The pilot adjusted indexer rheostat to the desired level. The 
pilot averages 30 seconds on the ball on almost every touch and 
go landing. 

2102 - The pilot adjusted the indexer rheostat to approximately the 
Ho. 6 position after the touch and go's. 
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2112 - The time on the hall has steadily risen to 50 seconds. This 
is in part due to the clarity of the night and earlier 
acquisition of the ball. 

2148 - The second series of touch and go landings was started. 

2155 - The instruments are positioned in the No. 7 position with the 
consoles full bright. The indexer position is unchanged. 

2217 - This flight was secured. 

4, Flight No. 4 - Date: Thursday, 2 March I967 
Aircraft: F-4b (151503 
Questionnaires: Previously completed. 
Wlot: Lt. Skinner, Hours - Day 36O, Night 60 
RIO: Ens. Tillman, Hours - Day 200, Night 50 

The flight was scheduled for Night Intercept and night bounces (touch and go 
landings at carrier-simulated practice field). The preflight took 20 minutes 
and cockpit checkout 6 minutes. The recorder was turned on at I830 after 
engine start. 

The night intercept mission was scheduled for approximately one hour with carrier 
landing practice at 193°• The night takeoff was made under VFR conditions 
(twilight). 

1830 - The recorder was turned on. 

I833 - During the taxi to the runup area the recorder shows the pilot 
"outside" continuously, with the takeoff taking place at 183''. 
During the first few minutes in the cockpit this pilot changed 
the Interior lights to his desired setting. Instruments were 
at Position 7# and the consoles at Position 7. This change 
occurred during the taxi period. 

1839 - VFR conditions were in effect, with the pilot running the consoles 
up to 10 and then back to 8. 

1845 - The tape shows the pilot again dropping instruments to 6 as outside 
light level fluctuated. 

I85O - The pilot reduced the instrument and console lighting to Position 6 
as light level outside slowly dropped. 

1942 - During the first touch and go landing, the tape showed approximately 
30 seconds on the ball. 
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I95O - The pilot again adjusted the instrument lighting level to 
Position Ho. 7. At the same time he increased the brightness 
level of the indexer tò Position 5. 

The second stage of the flight occurred with the consoles at 
7 and instruments at 7. This was an abbreviated flight due to 
the failure of the auxiliary doors (l4 minute flight)? 

8O5O - The pilot secured the aircraft. 

Summary of Aircraft F-*B (151503) at LSO positions 

1st Wave Off 19^2 
1st Touch & Go 
Pad Touch & Go 
3rd Touch & Go 
4th Touch & Go 
5th TouOh & Go 
oth Touch & Go 

Time 
19:45:26 
19:49:24 
19*53:15 
19:56*44 
00:00:27 
20:04:16 

Ime 
min. 
min. 
min. 
min. 
min. 
min. 

sec. 
58 sec. 
51 sec. 
29 sec. 

sec. 
sec. 

43 
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5. Photometric Measurements and Observations 

Ï!iîLî^tempt î° pre8ent the data in a “»re readily comprehensible fashion, the 
following graphs were prepared,. Reference to Figures 17, 18 and 19, which 

S*™110“1 F-kB <1515°3)> not be cm.truea as being representative oí all Fighter aircraft in the Naval service. This 
Tf8 f18 ^ twelve of thia typ® observed and is typical of 

Hi P°r thlplJ0í 8 ««“P^^nt the aircraft has a lighting system for 
the instruments, which is 5 volt Integral lighting. 

SKT!«2? îï ïfh î5*!h0W th8 g*neral relationship of the total light flux vari- 
wsult of the measurements taken. The instruments as a group are shown 

ïïîî^ï®*1!?8^! in8tnTnt autotransformer positions, 0-10. The censóles, 
both lift and right# are plotted alohg with the indexer. These plots represent 

^ other lighting Present. No attempt was madejo 
bí tiî4îf!!îaîi!î!sïip Sí,1?8 i?1“!18 Justification may be 

016 inp“t ^001 the Pilots that “the instrument lighting is the primary 
eoniern - consoles are secondary" and the pilot is little concerned with being 

8£tch* He 1,111 be abl® t0 *** know Where to® 
S¡S8 by f8?1* 5i8 18 W«*1 of fighter pilots and less so with 

?í îh® Pllot8 8hQWed their disregard for the console 
lighting other than it supplied the background for orientation and did not 

8UPP?rt®d this supposition. For example, bright 
•rî!«« eJld®nt 0“ console panels where the paint had been scratched and 
ííii ÜS t0 CT?cSi “«»»«iature is almost illegible in strong light: 

mNMiîstruïïtï ^ hBrä U8aße ^1°11 would aot 1,8 tolerated on the^priSry 

48 

. 

—— 



ft« S8l>P 

NAßC-A0-6ft03 

NORTH AMERICAN AVIATION , INC. 

«A67H49T 

FIELD MEASURFMFNT5; , [FT. LAMBERTS^ A/G— F4B 

INSfRUMENTS 1 AUTO-TRANSFORMER SETTINGS (position) 
POSITION NQ. - 10 9_ 6 7 

6 
5 4 T T 1 

''director ind. 
BANK POINTER 

i 

42 .31 .16 .076 .048 .024 LOIO 006! 3 — 

2, ATTITyCE 
DIRECTOR IND. 
UPPER SPHERE .62 45 .175 .105 .050 .022 0135 D05Í 

3. ATTITUDE 
DIRECTOR HO. 
STEERING 
NEEDLE 1.15 .32 .165 .080 .040 .031 010 0075 1 .. 

4. AIRSPEED 
INDICATOR 
AVERAGE 

TYPIFIED BY 
POINTER .39 .25 .10 065 .039 0165 0055 OCP? 

5. BAROMETRIC ¡ 
ALTIMETER 

$mEBY 
POINTER .71 .43 .25 .125 .072 045 03? 015 

6.HORIZONTAL 
SITUATION 
INDICATOR 
STEERING 
NEEDLE 

46 .30 .13 .081 .053 020 .010 305 — I — 

INDICATOR 
TYPICAL 
NUMERAL 63 .40 .31 .114 060 i DI7 C X35 

8 SITuÁtÍonTAL 
INDICATOR 
COUNTER 1 

I 

.30 . 76 |, 57 [. 125 367 .( 325 )10 )04 

FIGUEE 17 

IN3TCUMENT5" BRIGHTNESS MEASUREMEWT5 
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FIELD MEASUREMENTS (ft. lakbeto) A/C - F4B 

INSTRUMENTS 
POSITION NO. 

Al TO-TRANSFORMER SET" PINGS (Position) 

IO 9 8 7 6 .6 4 3 2 1 

aANGLE OF 
ATTACK IND. 
AVERAGE 
WRED BY 

1.0 .60 t3I .17 .100 .045 025 .014 
io.rjÜlflow 

INDICATOR 
MAJOR SCALE 

. INDICIA BY *2 .50 .29 .19 .12 06 .037 .025 .015 — 

II. LEFT CONSOLE 
INBOARD 
ROW-AVERAGE 
READING 1.30 .81 .22 .10 ,06 .03 ,013 —— — — 

12. LEFT CONSOLE 
OUTBOARD 
ROW-AVERAGE 
READING 1,2 ,62 .20 .09 ,045 027 .010 — — — 

is: Rickr CONSOLE 
1ABOARD 
ROW-A/ERAGE 
READING 

s 

3.0 1.1 #62 .25 J2 .05 
» 

.01 — 

M. RIGHT CONSOLE 
OUTBOARD 
ROW-AVERAGE 
READING ¿,0 1.0 .51 .22 ,09 P5 ,02 — 

DAtin nc* ■ 
ÍíÍe^cS&ole 

3.6 AT 28V. 

• 

■ 

16. AVERAGE^ ^ 

11' 
-! 

riGuee is 
INSTRUMENTS 4 CONJOLES • BRIGHTNESS M E ASURE MOTHS 

>i -i: 1.111 i|h|HII' h i -il. h mu-hi-|H     -iiHiiiiiii.      -1- ..-i i   i.|-i'i.'i'|.ii:|Ni|r|||i...iiiiii|... K -.-1...111111111 I-I I ¡ Inj I! | \l hii\lki.i. h ml. i lilH.iii-iiii.rii iiu <;i .1..- -i...- > i  -   '■ I-!!-1 - III 
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» ÍUMENT 
PANEL 

(Í8T0TAL 
CONSOLES 
LEFT AND 
RIGHT SIDE 

|l9. ANGLE OF 
ATTACK 
INDEXER 

(BOTH CHEVROfß 
! & DONUT INDICATING 

(20. CONSOLE 
FLOODS 

, BRIGHT-.76 RC. 
MEDIUM-087 f;C. 
DIM— .003 F.C. 

xIO v-3 

1.65 9.6 

X io'3 X loi X I«?“ 

7. 4,5 3. 2. I.5 
xIO] xIO xIO'4! xiol xIO 

I.S 7. 32 2. 1.5 1.2 5. 

xlO'1xlO'4|xlO‘4|x 1C 

|2M2jnRE WARN 
LTS WITH INST, 
PANEL LIGHTS 4.1 
POSITIONED AS .A-2 
INDICATED- 1x10 

122. (1) MASTER 
CAUTION LT WITH . 
INST PANEL LTS R 8 
POSITIONED AS ,« 
INDICATED  1*10 

123. (I)WARN LT 
6(I)CAUTI0N LT 

air« e 

(24. INDEXER . 
ALONE — 
INST OFF 
8yl0'3 F.C. 

3.9 3.8 3.7 3.7 

xlCHxlÖ2 xicnxlò* 

1.5 

xlO'lxIC 

1.2 1.2 
xlÖ I xlC'4 

xIO'lxlO5 

1.2 
xlC 

3.6 3.6 

xlC? xIO 

5.0 
-5 

xIO 

1.2 
XIÖ4 

1.0 
xlC' 

4. 3. 

xIO5 xlC5 X10 

4.7 3.1 12A 2.0 1.8 1.6 

xIO |X IÖ3|xlO'3|xlO'3 Xld2 Xld' 

4.8 4.7 4.6 4.6 

xld2Ulda|xlOl xIO 

3.6 3.6 3.6 

xlC2 xlC |xlÓ¿ 

1.6 1.5 1.5 

xio'2 xid3 xid31 

4.5 4.5 

xIO^IxlO^ 

4.5 4.5 4.5 

xid2 xIO*2 xIO' 

FI6UI?e 19 

LIGHT FLUX MEASUREMENTS 
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The Figure 26 table was prepared from observations and questioning of the many 
piiots concerned with the group of fighter and attack aircraft. The pilots of 
the A-o paid little attention to the control settings. The control is a 
thumbwheel type unit with a range of positions from 1 to 13. Some fighter 
pilots indicated that a little more selectivity of the instrument lighting 
Wald be a decided advantage. This is no doubt due to the conventional instru¬ 
ment!, such as airspeed and rate of climb indicators, not being as well presented 
for quick scan as the primary flight instruments. The data shows no trend as to 
age Or experience except that the younger pilot seems to carry interior lightin* 
at a higher level. 0 '0 

general Summary of Landing-Takeoff, Wight Flight* 

The pilot after a preflight and aircraft check makes a normal VFR takeoff. The 
visual taslb — ---— -- - --- are basically orientation of the aircraft. This requires checking 

+ *0 assure clearance, whether it is moving out to the runway area or 
pulling in to the fuel pit. This procedure is standardized on all bases and 
carriers tisane extent* It is the responsibility of every pilot to be familiar 
with this routine. The aircraft is directed to a clear area and the pilot is 
then on his own*. The tpitiway layout Is usually away from the ramp" area so that 
aa «oqn as the aircraft is headld away from the hangar area, the taxiway lighting 
becomes his outside World. If it is to he a group take-off, the aircraft follow 
one another to the run-up area. According to the interviews, the pilots do not 
us! their taxi lights during group takeoff, the leader being the exception with 
the last man maintaining his exterior lighting and anti-collision as required. 
Filote make a conscious effort not to look directly at the exhaust of the plane 
directly ahead. Normally, separation is maintained by the pilot's peripheral 
vision* . , 

Lighting at HSvy basea ia more than adequate for normal night takeoff and taxi. 
ThS pilots indicated that on extremely dark nights, the hast lighting is 
actually too bright. 

The takeoff la made with the pilot having an established scan pattern, utilizing 
tha aida lights and centerline lights for lineup. Training and familiarity with 
the aircraft determine hie frequency of outside to inside viewing. The normal 
ettOm, il one were to aver!!» the pinputs, would find the pilot looking out at 

neup* in at engine instruments, etc., keeping the lineup, airspeed, buildup and 
angina inatrumanta in mind to determine the aircraft status by the go/no-go point 
for takeoff decision. Inmediately after rotation, noting the units on the angle 
of attack Indicator, a quick scan of the gyro, heading, airspeed and altimeter, 
la made. 

The scan pattern then ia primarily runway for lineup, airspeed ipr takeoff, run- 
way threshold lights and an area forward of the field, to the left and right of 
the runway, for clearance of the field. Heading is acquired from GCl/CIC and 
then radar vectored to the intercept area. The pilot during this period is 
primarily watching* aircraft heading, the altimeter, the airspeed, while frequently 
“checking left, forward and right of the aircraft* Even though he can visually 
acquire few targets in the night sky, it is necessary to scan the area. 
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5l,!í?„Wl2Í.dlr!Ct ““»«uvera until the pilot has acquired the target 
2?ü^3r:«5fOUie,IT00edT8 are a team Action with the intercept proper*” 
being a coordinated team effort by RIO and pilot. 

5® ^ a normal activity unless visibility is excellent, 
íríneeíssírí! ^ f°r fonnatlon fll6hts « » dark night, if buch flights 

5n!w/nr?r CJîfier qualifications, all night recoveries are made utilising 
recovery procedure, which is the most taxing phase of a night 

flight# may be broken down into basics of: 6 

Vector to Marshall Point 
Descent 

Carrier Reading 
Clide Slope Acquisition 
Lineup ' 
Meat BaU 
Taxi-clear 

a* K^dar Vector to Marshall Point 

rao-A rac*‘rack ^ « * 

b. Base Descent 

fK»1^íbiâT1«04'* vi8ual 18 the acquisition of heading 
úS'itíi^á^íí*«#^"63^0! Aî_îh® *am® tlme he monitors hi a airspeed, 
alt) «ter and rate of descent. Primary heading is given by CCA. 

«• S8B?»r 

to arriving at the 80 mile gate, a new rate of descent is established. Generaiiv 

Mevíu0L*ÍÍ¡!w¡¡ Î n!J ,,.11118 toew heading is for identification purposes 
as well as. vectory to the carrier for final line up. * p 

d* Clide Slope Acquisition 

““ fUght « h. penetrates to the point 
£.sm,C?rrier "V'*'***- corrections are «de for 

e. îjdneup 

Fiw ï? heading of the carrier visually, reference is made to drop lights 
which aUow him to quickly determine direction of lineup and exactly when lined 
•«* HÍJ ¡ÎÎ?„Rtteï? J8 now entirely carrier-instruments (gyro A/s, altimeter, 
angle of attack). At this point the pilot is aware of no other visual areas 
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— r« t»m., 
Configuration. ' Wth aircraft In the landing 

f. Mg^Pall 

the scan of Íand*nrí«rflaJÍ^d1ÍuatÍn0ÍÍteMI>aíÍfLCOnflgUration nth 
SSLÍ ^ Î*tahïï«SÎ ïn tLyneit^ ÏÎ* 
profarlng to start his final descent. The »rVm«í! *f!v d fn<1 he 1411 *« 
1»U. He will bave no furtber conUct one.CtSilî^^.“ "" 

S ^tTe^vl; ÏÏtSLT^ÏT1 ty th; "î0- ^ «q«« 
pilot calls the ball, he has indicated "that " When the 
««tact with mirror or P*»snal Bríteí* ^ ^11 ln »^ht, solid 
task between the 'Wat ban?" iSîîn aiïïnïîÎ ««¡f bo «Iternatlng his visual 
J* a check against the indexer/ A fív McSdí'iítíi^í “"f1® of attacK» 
the Indexer, meat ban and llneun îh- Íí^d5nUt 5® 18 alBost «ntl rely on 
on "neat ball - lineup." P* ^ lact 30 8econd8 «f landing are entirely 

*• ^a»l 

the *• «. «4 

stions and Recorded Data 

Ä.8 M SaiTtLrÄSS « • handing. laxe-orr, Cllnbout, Join Up, Mission-Cruise and 

ïf**1? ï«!1««» the final 30 seconds of the imuh*«- « 
Sïîüd i®íSá*»n# «a '»'ableî wir^nt^tn! ÎLÜÎ: ÎÎ8^ J®.* . ®*« observed, lhe *30 second” period of the i¡«dw ¡LÎÎ!^ a11 fH«hts 
Phaae of the night fUght. l«dlng pattern Is the most critical 

Additional sample segments are included la Appendix A (figures 35 through *1), 
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FIGURE 36 

INTERIOR LIGHTING. PILOT REPORTED 

CONSOLE SETTING # INSTRUMENT SETTING * 

$ti!S££ 
1. Pilot A 
2. " B 
3. " C 
í. " D 

* X 
R y 

Carrier Land 
Pos. 5 

" 5 

I: 
6 
k 

5 
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lAÆ F-4B 
BASIC TASK 

19; SOI RUNWAY 
CHECK 1PLOODS 

[TIME IE.G.T. INDICATOR 
AT [ R, RM. INDICATOR 

flow" 
I+53Ed SCAN RUNWAY 

AND THE 
1 RUNWAY AREA 

airspeed 
indicator 

\Nt 
PREPARATION 

POC » lnwirPSfc 

MOVING 
UNE UP 

DETERMINE IF 

[PRESeT; ANTI CÔLUSIÙN-.ôm 

ME0.T0DIH All OTHERS : 6RT-STEADY 

llNST. ITS ^OME LOCATlOHS-A/C 
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I CONSOLE I RIGHT SENSOR. .001 

l+löWrl NO 60" I DECIDES IP" 
||Q5gC|pOlNT ON RUN WAY J A/C mi R.Ÿ 
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RUNWAY 
I AIRSPEED fflD. 

LINE UP 
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POSITION c M 'L,',Lr| 
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INDEXEre. 
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PHOTS US'JAILV G.'T 
n mstPut^tr.Ts ' ^111 i . . i ^r. i i i ----- — i« » 

ENGINE INST., ENG.CHECK P0O£j LEPT AS AFTEE TAtE-ÒFr 
-FUEL FLOW IND. [TO T/0CtClSlQN MS OR | HOST PILOTS Will 

|+IE5EcJ RUNWAY |UNC UP AND l5E^pÛFF| 5TAV i/.Re. - oe HQm eEF. 
_ TRAFFIC CUCOC 
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^SErH^ÆS'^y5LAcCâuls,r,ON ~ ^---1- •3DitcJ ANGLE OF ATTAclC |0f: CEQuteeD 
¿ GVEÛ INp. PATTERN 
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VISUAL TASK TABLE 
CARRIER —w.. i/Fp 

LAND ✓ SNCp^ yr BASIC TâSKxumûûÜI 

(TIME IDENTIFICATION 

19 SI 
|FLAP¿GEAE CHECK 

WGIE OF ATTACK IUD 

AIRSPEED mOlCATW 

SCANS OUTSIDE 

DESCRIPTION 

A/C CIEAÜ FD?CL«3 
L ÇLIHB /N\G»a: 
-.S ELE CT E.D 

SETUP roe 

CLIMB SCHEDULE! 

£tf ITS- Pff£S£i£CIED 
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DETEEMIÎ1E EUG. 
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'SOME PHOTS STAYED 
ENG. TEMP ¿ 
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AND ENG. A3 AIC 
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VISUAL TASK TABLE 

IâÆj.^b 
CARRIER 
LAND BASIC TASK JOIN UP 

[TIME I IDENTIFICATION DESCRIPTION 

12015 SCANS OUTSIDE 
15-20 SECONOS! 

AC0UI2E VI5BAL 
CONTACT OF 

INST. LTS 
\ REMAIN 

I A/CU: POS.\LUT 3eN30e 51)0VC| 
IMP-CHANNEL CQMH FKEQSHiFTi NO, Co. 

G VEO, A/S . ALT I MAINTAIN 

ENVIRONMENT/VARIABl 

FWD SENSOe < .ûoi 
RIGHT SENSOE <.001 

uCAfN.A^ . ^ i .- {CONSOLE 
HEADING IND. A/C ATTITUDE ! l ¡GH 75 

i20181 !ctNIN5T 
tUMtl 
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MINUTE miERVAL. 
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0/ A/C, fSCOPE. 
' INTEMSITY 

-U5HT SELEHI f? 
STEADY 

2ûig J SCANS OUTSIDE SCAN IS PAPy 

IS-20 SECÓNOS f IN-nüT- HOLDING I 
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HEADING , GVEOJ A/C COÜZSE 
'ALTINDSCAN STEADV. I a/s ¿ 
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g^CICTP GVEOl CHECC CLEAE 

HEADING IND! 
A/S , ALT, 

1021 
SCANS OUTSIDE 

5 SECONDS 

COMM SHIFT 
IND-CM ANNEU 

EMG 
¢ ALT 
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CHECC 

2022 EADAE. SCOPE 

A/S. ALT. GVEOl 
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OF TEAFFIC 
it A/C HÛLDIN6.I 

BEEAClWG 
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COMM FELD , 
shift omeM 
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SPEED CHANGE I 
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PATTERN) 
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ÊMTÊENAL LTS 

¿ LIGHT LEVEIS 
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IN HIGKETE LIGHT 

LEUELS IN EAST 
TEND TO INDUCE 

SOKE VEEDGO 

WHILE ÚRBlTIUf; 

"NO LVJAY TÛ ;CC¿P* 

THIS DlSTEACriOD 

SCANS OUTSIDE 

FREQUENTLY 

2023 
ALTITUDE IND, 
HEADING LGm\ 

TT2AFFIC 
LEFTtRlGHTl 
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REWAIN OlsJ 

'GAGES-STRONG 

TO OFFSET VEEDGO 

R4DÛ0 SCOPE "Lf ACS "I 

LIGHT ONtD SIGHT 

AND FUUD. WIHOSCEfííá 

- RADAE-NOT 
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EXT, LIGHTING 
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FIGURE 30 
VISUAL TASK TABLE ~ JDÍN UP 
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VISUAL TASK TABLE 

lAiC F-4-ß CARRIER ^Hs k 
BASIC TASK CRUISE 

.‘V 

(TIME 1 IDENTIFICATION DESCRIPTION 
INT 
LI 

FT“.ExtERNAL”.H 
(ENVIRONMENT/ VARIABLE 

1203C > ALT, 6YRÛ, A/S, 

1 OUTSIDE IS SEC, 

ACOUISITION 
1 OF PRE-PLAN^ 

COHSOLi 
I LIGHTS 

r FWD SENSOR-üOZ-o] 

LEFT SENSOR.- M *.Û051 
I HEADING INÛ. 

LEFT CONSOLE 

]COURSE. 

pwe £ FUEL STAU 

POSITION 

E* *10 
A RI&HT SENSOR-.04-0051 

I ENÔ. INST. 

IoUTSIDE 5 SEC 

I PERFORMANCE 

£ TRAFFIC 
I mCPAFF APPiomm 
1 LG Ff Stoe 1 

|2D33 
I FUEL OUANTITV 
1 t TANK CHECK 

I D£TEmU\c 
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ÍN3T. Lt 
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5 
(I 1 

CLOCK 4 AAI 

I KNEE BOARD 
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¿ A/C LOCATION 

1 *6 

1 

FWD SENSOR. C,ä:i I 
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GVO. A/S t ALT 

I OUTSIDE IÛ SEC 

VERIFY A/C 
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BIGHT SEKSOK-COOI 

I204O 
I COl/KSE £ DCTCHÈQ 

^ADAE RERTAÎH 
HEAD* NS ClUfC 
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^—. 

! 
1 
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EXT. VISIOM. 
Í LIS HT L & Vf. L 

1 Dteoppms as J 

i 
1 CHECIC VISUAL* 

OUTSIDE IS SEC 

A/C PICK. UP 

! 

AIRCRAFT HEADS 
IN. ! 

GV RO , A/S 

fcIGHT CONSOLE] 
A/C ATHTUDe 

SLAV CAUTION ¿25*1 1 
. ko« oktside- tose; 

ACOUieE HÛ6.1 
renFfic atém 

4 cauesE omen 
A/C CLOSED ON I 
LEFT SIDE. 

GY ED. A/5. AlTI 

OUTSIDE lose 

A/C ATTITUDE! 

TRAFFIC 

FUEL Q-TY I 

KN0EI3OABDI 
NietsirAL I 
CALC. ON 1 

GYPO /VS { ALTl 

outside zosecl 
TOUCH C GO I 

traffic * * B 

|¿044 I1 
ENG INST. SCAN 
H’/C—ALT. J 

€ NS. PERFORM. I 

¿ ALT'TODE 1 * 
HEADING £ A/S 

C LOCtlC I I 

1 r 
1 1k 

10MM FUG a fND\ 

7I6HT CONSOLE | 
EADIO FZGQ 
5HIFT41 COM 

AIECEAFT PASSING 

LEFT SIDE. 

J2045I 

1 1 < 

AtS.ALT ¿Gíeo\ 

OUT SIDE I05CC.| 

ä££u/£ mesma\ 
chece WArrn 
£ UISUALŒOU(OC\N om //Scj 

GEOUIYÜ LIGHTS | 
lULÛIHf LOG Arm 1 
Fix - 1 

VISUAL TASC TASLE“ CRUISE ¿ MI55I0M 
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VISUAL TASK TABLE 

A/C F-AJ» teR BASIC TASK LANDING 

TIME IDENTIFICATION DESCRIPTION w ' ExTëRnal- 
ENVIRONMENT/VARIABLE 

6yeo a/s ¿ 
ALT INO. SCAMS OUT 

MAINTMJ A/C 
ALTITUDE 

INST. LG 
uncas'd 

APPßOACMING 
MAS5HA LL POINF 

SIDIc. CUECC5 
ENG INSTS. 

a\i\CX SCAN 
/)F€N6 PCIOR. 

AT PQS. 
dû 7 

OTH£¿ TßAPFlC 
IN AE-EA* MUST 

ios* 
SCANS OUTSIDE 
£ eUNMVAY FOI? 

TD LAUDING 
CûMRGLiBATlOti 

CùNScæ. 
UNCHG'Ù 

WATCH TT2AFI-IC, 

AieCIBAFT ATTIIÖOE, 

LiwEüPA/s c Air 
SCANS L.SO. 

EU N My 1 Fûê 
A/C PÛSITVOM 

or Pot 
NO. 10 

AMD HOLD \N THE 
PATTietCN 

loss 
ON'TUG BALL” 
so secouas 

I5r TOUCH? GÛ 
£V£5 SreAOV • 

CHSD 
INDEXO? 

Fw/Dsewsoe 
SHOWlMG’a TÛ 

aveo-AiesPEED 
TH£N SCAMS nOT 

mîüim 7H££A(¿ 
Gifle?!) OU PU4-IIP 

LIGHT 
LEVEL 

,005 A3 AieCEAFT 

PASSING L-«5.0. 

2105 
AUÛJHD PATTEfE 
sCAMNms msts 

2ND TfcUCH£ GO 
4 i 

I- AND OOTSlOe 

¿109 
J2D tlUCH t60 • 

i 
. ,:i • . j : j 

■ I 

2112. 
4+W TOUCH ¿60 

;|!i. 

2115 TOUCH £ 60 

¡ * 

♦ - : 
» 

um TÖUCH £ 60 i ,|; £ . 

- 

• 

■ " • 

- » 

. Fl&une 32 
VISUAL TASK TABLE-LANDING 
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TABLE I. TÏPICAL VISUAL TASK 
SCAH PATTERK - JET LANDING 

AT NIGHT ON A CARRIER CONTROLLED APPROACH 

Visual Task 

to leaving the marshall point, the primary sean 1* «r 

ssâíâ „terc ““ä -ä’ 

ímvertfí* ñt* °LVerlfled- (Sorae rao,ß assume this task - pilot 

?JZsTltñ 
«n^Ä^.S.VÄni.tur (‘°“ “d 
üS'®“.ld*ntI,ylda turn ' ch'oM”« »«älns, »Irspiod, »Itlmotsr 

-CILr,UWCy.<!,M°k for 
»rir*for 

¡ää *irk‘:hr.r<r^î!^rLch^)o,‘ s^‘"? ^ 
io acquire carrier visually. m * Scans forward 

S^)í üSSïfrf«^ cf ci1*” (r/c)- •"•»p«» ffiZtrf** +« rr*I '4. X 0 aaaaing - may he scanning rapidly out to 
•îSï bÎu"! P aCqUire llnc*uP ^ average the bail. May call 

th^IÜv îî^’j'V0' •‘'•P®84» eyroi ball and drop Ugh to on carrier 
ff? gy° IP "O horizon ro/vl.fblo So^ " 

“Roger Ball" by this time or will voluntarily wave off. 

fhe^next 30 seconds are almost always "solid on the ball Hn* i»«" 
«th ««ok aoan. to l„d„,r „d, In"«^««“ 

“"ä1- ““-P"- A* ^ P«»s « the 
going to bolÆ7 .caí lí for^íd/^í . î^.’fïï.'îU'’ “T !f lf he ls 
If hook «CM,,'ha 1. ready tofly^oTT* ^0441° fwi' 5tll!k ^ - 
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IV. COWCLUSIOWS 

flip overall program consists of a systematic investigation of all the various 
lighting characteristics which will allow establishment of a valid lighting 
design criteria compatible with the pilot's needs on a mission requirement 
basis. The overall program provides for complete operational analysis of the 
visual task requirements. 

This pilot study is the initial phase of this overall program. In the studied 
evaluation of the techniques used, the goals desired and the description and 
identification of the visual tasks under various mission profiles, this study , 
has, by trying these techniques in operational squadrons, evaluating to a 
limited degree the actual aircraft, and interviewing hundreds of pilots, gained 
the required knowledge to make the conclusions and recommendations which follow. 

The conclusions, based on the methods used in this pilot study, are that the 
overall progrsm must be conducted on an instrumented aircraft operating from an 
operational squadron in conjunction with a laboratory study where measurements 
of aircraft may be made. ; It is the conclusion of the writers that the recording 
of the selected values of the interior lighting, along with the recorded visual 
tasks and external environment, are the proper techniques for the overall program. 

In addition, the knowledge acquired through the analysis of the interviews, 
questionnaires, measurements and recordings are listed In more specific areas. , 
The validity is discussed along with the relationships found between the lighting 
environnent and the pilot's visual'tasks. V. 

Summarisation of the pilots visual tasks, based on the questionnaires and inter¬ 
views,was essentially verified by the measured and recorded data. Observations 
of the pilots In their aircraft environment provided the proper background for 
the interpretation of the opinions, and the data gathered. The key visual tasks, 
as related to safety, efficiency and performance, were substantiated by 
discusslors and explanations of the visual tasks by the pilots. 

The performance of the visual tasks is determined by two major factors: (1) What 
doe* the pilot need to seel, and (2) How well is it lighted! The first is a 
function Of his Immediate task and the mission. The second is a function of 
the lighting environment. In one case. Inside the aircraft, this lighting 
environment is controlled and in the second case, outside the aircraft, the 
lighting condition is a combinatin" of night sky conditions and what lighting 
there may be on the target. If i-: the Immediate task the pilot needs to see a 
target outside the aircraft, then all the interior lighting becomes a compromise. 
Thus the relationship of the inside lighting and the outside lighting is a con¬ 
tinual compromise to the pilots visual acuity. The complexity of the visual 
task inside the cockpit serves to widen the compromise to which pilots are 
subjected at night. 

The equipment providing visual cues should be designed to convey to the pilot 
the message or signal without causing any more mental calculation than is neces¬ 
sary. The absence of clutter in the cockpit is tremendously imn^rtant. The 
visual task of the pilot must be one in which the pilot may comi abend a situation 
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i*lch Is existing or imminent without undue interference or distraction A 

id«»! for a team effort, but the comparatively brightly lieh ted datum 
bo«* 1. "»y distracting to the pUot. Th, A-6 aircraft, 

displays?1™86106111 * ll0WS f0r this condition by shielding the electronic 

S?taSr?fLsaS rí^d+í.r0n,the of lighting techniques over the past rev years. Usually the aircraft is designed for a specific series of 

primarily b^ed^^V*3 hellcopter or any vehicle where visual tasks are 
primarily based on external cues, even at nicht. This aitws-fM- 4. . . , 
a lighting system which results in stîay S! îhe mic6 ïeT 

or ,in ^vorK must operate in 
an lnterlor lighting system similar to a 

or «ittack aircraft. The helicopter pilot’s visual tasks are very 
demanding and require specific lighting techniques. The lighting- on a natrol 

as WeS f0Und t0 be the most standardized. Yet thi slight!n;- 
a.”8UÍÍ of the duration of the mission, is responsible for excessive eye ^ 

ilSi the’ïîiSÎ íh1 !ÍJCraft Should have the most flexible lighting control to 
îhe pll°t the wide range of selection which this type mission requires 

S! trMS1,0r? ““ usually veil equipped vith ílectronic vU a^ 1,, 
.S ?” M1™’1*- «Ö-ter “d attack aircraft were fouM to 

Ib i?¡í"T ?an-,fiUï thon alj:">st ^ other aircraft ohsorved. 
ito rtatoftosk irieS^L/. T1 ‘T a” Ereas ^ consideration for 
tratinTtî îî?knÎînrî 6 Î! ^ ! Becondary Position. For example, it is frus 

ï° 8UemPt to «ad a utility instrument and be forced to 
tetes^Lee^that0?ir0\a prevlously aalected level. What actually 

plJce 18 that the pilot will read the information under the inadequate* 
Proceed with his normal task. This has the effect of (l) lowerin' 

is îÎÎ^ÏI'ÏÎLm^yÏ'Î^™*’ ^ ^ adding that small amount of eyestrain which 
d°!S ««tribute to the total eyestrain buildîp tSo^houf 

S6ÍÂhjreby fedUCi"S his abilities at the end of the flight. The night 
î?iï r^nSJeqUlrefJhe hißhest rate of Proficiency and visSal^ment?! aleít 
ïîî?rtJSLdhÎ8 the effects of eyestrain, fatigue and frustration1 
•xperi-need in the flight may compromise the pilot’s ability to make a correct 

,ln "e18 1,,atnr”‘ dlaPl“y= Which are so inter- in ine scan pattern as to be viewed as one large display. For 

s."Hr"?hÄdiÄ s: %% sdttomoral 
Îïîîr^îkf mUSt îe aS.Strongly considered as the method used to light these instru «ents. The consoles play a secondary roi@ to«» ma . , r lnstru' 
control and awitoh ^ ^ 01 * ^ »ajority of pilots know where each 

°t?«d ZiïC ««“"ÄSCx?00 conaamaa ‘ha 

eôoeelved^d Sïïoîe'dl^S íííc^1^."1“10”- A 1Ighti”« "yata" 
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RECOfffilTDATXOWS 

SM following reeonasndations aro presented es a result of the analysis performed 
on the data gathered throughout this program. 

A. Aircraft Interior Lighting 

The Importance of proper lighting and its effect on the performance of visual 
teaks Is readily apparent when It Is realised that the visual task and lighting 
environment are directly related. The following recommendations for further 
research and/or evaluation, with reference to the aim aft lighting, are 
presented. 

1. The primary mission and the.pilot's visual tasks Involved In Its 
performance must establish the requirements for the lighting 
doslgn. Proper consideration should be given lighting during 
the early stages of design. The functional mockup, which helps 
to establish the configuration of the crew stations, should 
Include lighting along with the design of the displays and 
controls. 

2. The Instrument panel, being of primary Interest to the pilot, 
requires that the Instruments be designed to present a total 
picture rather than be individually lighted to meet a standard 
Instrument specification. Fine or small markings, many letters 
on one Instrument next to large markings, and few letters do not 
present a uniform display and may be distracting to the pilots 
visual tasks. 

3* There should be an Industry standardisation of the sise, shape 
and location of Interior lighting controls for the types of 
aircraft, l.e. attack, transport, etc. Extended cruise may 
well require the light level of the primary flight instruments 
to be carried at a higher level than other Instruments. 
Separate controls should be provided to give this flexibility 
when needed. 

k, A few of the specific Items found during the study to be worthy 
of further investigation are: 

a. Provide a master warning system for caution and warning 
lights with a dinning capability for all lights and auto- 
•atie dinning for those primary warning lights which at 
present are not dlnmable. 

# 

b. Provide kneeboard light capability on certain aircraft. 
This light should be mounted and oriented to Illuminate 
either left or right knee. The light on the knee should 
be controlled as to intensity. Illuminate an adequate area 
at the knee and be selective of color and operation. 

72 

U.y.Ufa.JMhil.-fa.. i. i li»‘II.IÜkl.-ll.ll.ljUi.lJ.i.i.l.lii.J I. ,.1::,.1..1,1,1:11!,H.UiUHM .».nJ.ll.m.I.lnl.ll., UllWálii ... 



F««» SSI«? 

NADC-AC-6803 

NORTH AMERICAN AVIATION , INC. 
ÇOIHMIIM DIVISION 
«01UMSUI IS, ONIO 

■Aß7H497 

*• Consider nodlfying current Instruments to incorporate 
nan»reflectivo coatings. 

4. Incorporate into all integral and wedge lighted instruments 
the feature of lamp replacement without disassembly. 

B. Pilot/PllRht Crew 

1. The visual task of the pilot is determined by the mission and 
environment. The efficiency, safety and proficiency of the 
pilot could be increased if a simulator containing a realistic 
lighting facsimile of the outside world were included in the 
night vision training requirements for the Navy. This training 
device would not replace the existing weapons system trainer, 
but would supplement the operational training so that the 
capability of the pilot and system might best be utilised in 
the field. 

2. Equip the pilots with dual color capability flashlights as 
indicated in Figure 33» This would provide the pilot with 
the means to determine conditions where a red flashlight 
is inadequate. This red/white capability would allow the 
pilot to maintain his confidence level while retaining the 
maximum dark adaptation. 

C. Carriers, Runways & Facilities 

1. The carrier deck lighting procedure should be standardised. 
It is the pilot's recommendation that the CVA-60 or CVA-66 
type of lighting be adopted. "Drop lights" are the most 
valuable in assisting the pilot in his visual task of 
line up. Red or white low-level floods were suggested 
throughout the program. Spotting lights and additional 
taxi guidance lighting on the carrier deck were frequently 
mentioned as being worthy of investigation. 

2. Turn off areas on land based runways are adequately lighted 
with two blue lights, however, these are reportedly inadequate 
in conditions where visibility is restricted, i.e. hase, fog, 
rain, and where runway angles or curvature prevent visual 
acquisition of the two blue lights. 

3» Runways are Inadequately lighted (dark void) at Intersections. 
This is undesirable because the weight and turning radius of 
today s aircraft limit braking ability, and a pilot may well 
be at an intersection before realizing it, thus causing 
needless wear on brakes, tires and nerves. 
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P» IVtiure Studie» of Lighting and Visual Tasks 

It !• reconmended that a continuing program of the study of the visual task of 
tip pilot be established. The program must be so designed as to allow the long 
rtoge planning to be established and continuity of purpose and method be 
unbroken. The phasing of the overall program would be important in that 
sequential studies could be conducted on the appropriate weapon systems trainer 
°® J*1® *yP® aircraft currently being studied In preparation for operational 
analysis. 

Tip basic outline of a feasible plan would be: 

1. Instrument an aircraft. 

a. Automatic recording of ambient lighting external 
environment. 

b. Automatic recording of interior lighting environment. 

e. Automatic recording of pilot's eye movement. 

d. Automatic recording of pilot's non-physical stress. 
(Automated Block Diagram shown in Figure 3¾.) 

2. Place the aircraft in an operational squadron. 

a. Utilise the antin' squadronf each pilot to operate 
the subject aircraft on approximately six flights which 
would be spnad over the time period that the aircraft 
is assigned to the squadron. 

b. The subject aircraft to nmain in the squadron for a 
period of six to eight months. 

e. Indoctrinate squadron personnel In instrumentation 
nqulnments. 

d. Provide for data transmission to research facility via 
ocnaon carrier. 

3. Provide continuous aircraft availability. 

a. Sequential studies—as one type of aircraft la In 
operational status, a separate type would be in the 
process of being instrumented. 

b. Instrumentation packages built up, checked out for 
forthcoming aircraft. 

7¾ 

« 

..MjüãiimâàtíMàiáiMMái.miuUimm.. .■ ¡ I-i. ■ ii-ibiL-1 lui I III .1-,1.., ...MOM.. il  *iii.luUfciui„...... ... I! kij.11.11,11 



fe» J51-F NORTH AMERICAN AVIATION # INC 

NADC-AC-6803 HA67H-497 

Conduct a study in conjunction with each instrumented aircraft 
type. 

a. Use the cockpit or weapon systems trainer and the pilots 
of the squadron to establish the theoretical task and 
interior environment prior to receiving operational data 
on the aircraft type. 

b. Adapt an existing simulator facility which has a three 
axis cockpit simulator, moving target presentation and 
dark room capability to the actual environment found in 
operational studies. 

c. Establish the flight envelopes found to bo the most severe 
and determine those factors which are contributing to the 
system causing these areas of the flight to rate three or 
four times the difficulty of the normal flight-experiments 
tobe conducted based on training--changing the interior 
lighting, equipment location, lighting and color. 

5. Provide the test aircraft with the improvements and the tech¬ 
niques resolved to the original squadron for actual flights to 
receive comparisons and operational verification for time period 

■Sufficient to allow all pilots to test the aircraft. Direct 
Interviews should be sufficient to establish value. 

6. Recommend changes to new aircraft design. Should take place at 
conclusion of overall program. 
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APPENDIX B 

INTERVIEW OUTLINE 

designed to provide a structured basis for the 
post flight interview. The interviewer will record oniv +v»«i+ * + 
«tlon relevant to pilots- visual tasks. y ‘ lnf0r' 

Pill out Identification data at the top of worksheet On tv,,» 
«¡arks line record if the pilot has boon uíder ' 

questionnaires^ It Xther^t^cMdiu^ta^bêen^fby thf 

4 Ä'pUol SS Ä ÂÍLrre5.00 tl,e remarkS line 

Hke SCLíít!ÍTÍeW ''iP-tesiTi with an introduction and "l would 
like to talk with you briefly concerning a study that is heinr mn**. 

X isÂÎÏtlr^"” th° vlsual “4s oÄfat'älÄi?2 ^„lo 
It Is difficult to measure directly visual task, one very -ortant 

vith^xperlenced0pi lots!11 ^ ^ thcse’struct^ i“vs 

idea of what"you di^visuIíl^dÍ^iíg^rc-flighí^e^fV6 ^ 

th* «fi«? Í*16 ^n^erviewee on the subject as much as possible. Get 

ÎÎÎuS níoííe: ln ^ area that Seems t0 ^ presenicd^ visual problem. Make special note of these problems. 

B-l 

uskULldM 11.,1,.1 ... 



I 
I P*mi JSI-F 
V 

I NADC-AC-6803 

NORTH AMERICAN AVIATION , INC. 
OlVIflON 

COIUMIUS I«. OHIO 

RA67H-497 

>ci im 3T FOR VISUAL TASK INTERVIEW 

Identification Number 

Interviewer 

Date 

Hours since last night flight 

Approx, night flight hrs. lÿpe of mission 

^rpe of A/C flown on last night mission 

Type of A/C usually flown __ 

Land based flight (check) __ 

Remarks 

PRE-FLIGHT 

„Carrier flight(check) 

TAXI 

TAKEOFF (or CAT SHOT) 

CUMBOUT 

B-2 
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CRUISE 

MISSIQH 

PRELIMINARY APPROACH 

FINAL & LANDING 

TAXI 

POST FLIGHT 
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APPENDIX C 

QUESTIONNAIRE RESULTS 

ft* results of th* questionnaire are based on a detailed perusal 

of one hundred ninety-two surreys plus an additional thirty-four question¬ 

naires which were received late In the study, 

fte results therefore represent an examination of two hundred and 

twenty-six questionnaires gathered from east coast Navy air facilities. 

Señarles under questions were made by ccmblnlng responses Into categories 

for easier understanding. The total on each Item may not add to two hundred 

twenty -»lx because some pilots left seme questions blank. Percentage Items 

were based upon those answering the question, "No replied' was not treated 

ss a separate category, 

1, Rank» 

Ensign 3 

U, Jg, 2i3 

U. 76 

It, CDR, 77 

CDR, 2$ 

2, Designator» 

AU those who filled out the questionnaire were pilots, 

3* Present Primary Job« 

There were almost as many primary jobs listed as pilots who 
SSÎ ^!îî *orn» T*1® primary categories were however» 

pilot« OPS officer« safety officer« squadron X.O, or C.O. and 
test pilot. 

c-i 

liilriwl ¡mmâmumÊËm m ^ m   urn 



Fwm IS).F 

NADC~AC-6803 

NORTH AMERICAN AVIATION , INC. 
coiUMius oivihoh 
ceivMiui i*, orno 

JIA67H-U97 

lit Months Bqporlenee at Pktaont Job, 

Moan • 11 Months 

$• Total Aproxímate Flying Tine as a Pilots 

Moan * 2306 Mrs, 

6, Approximate Might Flying Time as a Pilots 

Moan • $20 Honrs, 

T, Typo of Aircraft Currently Operating s 

Aproxímate Honrs In This Type Aircrafts 

TXPE 

R«6 

C*U6 

B.2 

EA-1 

F4» 

F-6 

RA.$ 

RF-8 

8-2 

8H.3 

SP-2 

SP-3 

T«2 

MIAN HOURS 

631 

$71 

1260 

3$7 

632 

197 

li$0 

3$2 

$8li 

1500 

602 

1066 

753 

9$0 

MO. OF A/D IN SAMPLE 

27 

11 

$ 

3 

10 

6 

2 

28 

7 

20 

hO 

h3 

10 

8 

C-2 
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6. Hw» yw vnr receivad night Tiaion training? 

Ä». ?W 
, > 

»9. » 

’• ‘"‘"‘"í »‘««ft .ttttud. rwegnltiM 

Im. 8l)C 

K®. 193Í 

10- (or ewM h^> 

Ä». 8l< 

Ito. 19IÍ 

11* Vhat could be dont to improve aircraft visibility at night? 

(listad by categories of response from highest to lowest) 

Miscellaneous replies 

«so strob lights 

Brighter position lights 

Rsdvee canopy reflection 

Brighter position lights 

Mors effective anti-collision lights 

ttght trailing edge of wing 

U* *# w5n?lMhlBß 1ÍFht8 h0^®”0®6 t0 y«» when flying? _if B 

*»•. 723( 

Mo. 26% 

W»sn? (Listed by categories of response from highest to lowest) 

I*F*R* 

Hovering 

In formation 

At night 
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WhUit**8*1*0* ** other elrcraft bothersome to you? — 

Tes, 1(61 

«o, 5W 

Wheat (Usted by categories of response from highest to lowest) 

I.F.R, 

At night 

Refueling in flight 

On ground 

l3# Xíí-íí* Îïî }iehtínS problems in Join-up and formation 
xiyingT (listed by categories of response from highest to lowest) 

Determining closure rate 

Reed to determine A'/C attitude 

Miscellaneous replies 

Anti-collision lights too bright 

Too much glare from inside cockpit 

Adjusting cockpit light switches 

Vinglights too small 

Mb reference lights on tail 

^ ir^!Æ‘n»un.uSî?"'Æ”3 ^ b*” MCMmtere<1 
Tes, 66% 

Mo. 3M 

C-h 
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*sa.ln. (ILUd br Câtegorle* „f response fron highest to loeest) 

NlseelUneous replies 

Difficult to deternlne tsxi ways 

Confusion at Intersections 

lights too far apart ' 

^00 "“»y bright lights around base 

Mat areas unllghted 

15# Do lights from any source, or lack «f dkm __ 

Äh” ^Â-ieMoîT Ä. 
Ies 33Í 

Nb 77* 

»pain. (Usted by eetsgerle. of response frm hi,-heat to lowest) 

Miscellaneous replies 

Lights fren areas adjacent to field distracting 

Runway lights too bright 

Tes. 83* 

Mo. 17* 

c-»nt. (listed by catégorisa of ro.poo,, frCTn MehMt t# loHMt) 

Reflections on canopy and windshield 

Console lights reflect on canopy 

Miscellaneous replies 

Cockpit lights must be dinmed too much to avoid glare 

C-5 
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17. H»t® you «ver run your seat up or down In an attempt to rid yourself 
•f an annoying reflection In canopy or windshield? 

Tes, 63* 

«6. 37* 

Comment. Does no good Just puts reflection in a different place, 

18. What lighting problems hare you encountered in night refueling operation? 
(listed by categories of response from highest to lowest) 

Miscellaneous replies 

Difficulty in seeing basket 

Difficulty in determining closure rate 

Insufficient drogue lighting 

Tanker grimes light distracting 

19. What lighting improvements could you suggest that would make air re¬ 
fueling easier? 
(listed by categories of response from highest to lowest) 

Miscellaneous replies 

Better illumination for drogue 

Put more light on tanker to show outline 

Use reflective tape on basket 

20. Approximately how many night carrier landings have you made? 

Mean ■ 66 landings 

21. What is the biggest lighting problem in night carrier landings? 
(listed by categories of response from highest to lowest) 

Miscellaneous replies 

Carrier deck lighting hard to see 

a. lack of light 

b, spotting edge and centerline lights 

C-6 
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Depth perception difficult 

Transition I.F.R. to V.F.R,. difficult 

Windshield and eanopj refleetiona 

Detenilnlng carriers attitude 

Flying the "ttlL” 

22« Can yon suggest any solution to this problem* 
(listed by categories of response fron highest to lowest) 

Miscellaneous responses 

ttee «ore "red carpet" lights 

Ose more white flood lighting 

Vse more center line strobes and dropliphts 

Increase deek light intensity 

23, When do you have difficulty seeing other A/c in the pattern during 
night carrier operations? 
(listed by categories of response from highest to lowest) 

Miscellaneous rasponeen 

Always fly I.F.R, 

Turn on final 

During poor visibility 

When directly behind another A/c 

When anti-collision light is out 

Right after wave off or take off 

Always have difficulty 
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Ä«. UlS 

»»# $9% 

(lletcd by categories of response from highest to lowest) 

Miscellaneous replies 

loss of light during "cat shot"' 

transition from v.P.R. to I.P.R. 

Moot use flashlight as backup light 

decks» ^listed°by categories oferMMÍÍnVnVlr0lnnent on caprler V «««genes of response from highest to lowest) 

Miscellaneous replies 

White floods big Improvement 

High Intensity red floods 

More deck edge Illumination 

More "red carpet"* lighting 

mr?^ít]d?h0W h0UP8 °f ni^ht A.s.w. night operations have 

Mean * 220 hours 

In th? MlíchTrírü^ÍigÍS^BfJíJJÜ 01, 0th#r »irplanea or heUcopter 

to. 

Mo. 

SIX 

h9t 
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Btplalat (listed by categories of response from highest to lowest) 

Miscellaneous replies 

Oûy small percentage of time visual 

nares and surface craft distracting 

Oaly during poor weather 

Difficult to identify various types of a/C 

W* Ü^rLÜÍLÍ.'““” ff *trcr*ft «üMioi th»t errat«» * probien f„ 
you in performing a night search operation? Explain, 

Tee. 63< 

Mo, 37« 

fiej&aiat (listed by categories of response from highest to lowest) 

Windshield and canopy reflections 

Miscellaneous replies 

Insufficient light on plotter 

Insufficient light in cockpit 

lighting uneven on instruments 

29* Mow many flight hours in night helicopter operations do you have? 

Mean s 3¾ hours 

^ “i^iiirc”*t*änyproMn*• 1-11. 

Ies, 62% 

Mo, 38« 

®*Pi*inr (listed by categoires of response from highest to lowest) 

Miscellaneous replies 

Can't judge depth or rate of closure without more light 

lack of light prevents detection of drift 

■ 

C-9 
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Uck of light Makes everything more difficult 

Canopy reflections a problem 

31# ü¡í¡L!í0¡ÍT ¡“3! l0u ffP«rienced in night ASW operations in hell- 
eopters that might be alleviated by an Improved lighting system? 
(listed »y categories of response from highest to lowest) 

Miscellaneous replies 

Canopy and windshield reflections 

Forward rotating beacon causes vertigo 

Poor knee board light 

Fbor nav. Instrument lighting 

32, Mhat *re the cockpit lighting problems peculiar to helicopters? 
(listed by categories of response from highest to lowest) 

Cockpit reflections on canopy 

Miscellaneous replies 

Center console canopy glare 

Rotors reflect light into cockpit 

33* »"y11»10« t*»* could be done to lessen canopy 

(listed by categoües. of response from highest to lowest) 

Miscellaneous replies 

Change texture of canopy Plexiglass 

Shield instruments more effectively 

Polarise windshield and instnanents 

Keep all lights dim inside cockpit 

C-IO 
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*• S^lTSÄe#S,;o1Ä.0Ck,,lt **"to •p-1*1 

Rd. 

Kxplalnr 

1QK 

62* 

Responses to this question follow no pattern. Eseh Pilot seems 
to Hsto e fsTorlte color that bothers hi«. ^ * 

3$o lis asp reading a problem at night in a helicopter cockpit? Explain. 

Iss. 77* 

Ho. 23* 

ftcpUlnt (Listed by categories of response from highest to lowest) 

Miscellaneous repiues 

Wien lights set for best operations can't see maps, 

Hb «ore difficult than other A/c 

ÎÏJhSS” J^trments ^ ^ur aircraft that are not sufficiently • 

Jes. 71* 

Ho, 29* 

Ixplaint (Responses which were most common are listed by A/C type) 

M.E. SP-2, FA-1, a-Y, A-6, RA5 

Console lights Inadequate SP 2, a-Ii, F-8 

I.P.P, K-l, SP-3, A-6 

Tacan A-li, RA,5 

Ridio channel selector A-1», F8, C116, SP-3 

Banding gear circuit breaker A-lj, a-6 

Fuel gauge RA-5 

Clock A-Ii 
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3?# Is the warning llfçht eyetein ln your aircraft effective? If not what 
eould be done to Improve the system? 

79% 

lb* 21* 

(Rasponeas which were most common are listed by k/C typo) 

AH warning lights should be grouped vlth a master caution light, 
SB-3 SP-2 

Can not set Intensity, all types 

Too many advisory lights, A-é 

Should be able to dim advisory lights, A-l; 

Relocate warning lights, F-8 

Lights too bright, F-8, RA—5 

)8, Are the advlsoiy lights In your aircraft properly located? 

les, 86* 

No, lit* 

(tesponses which were most common are listed by A/C type) 

Toe widely scattered S-2, SH-3, E-l 

Radar altimeter warning light hard to see A-6 

Hard to see ones under am E»2 

39, Are the thunderstorm or Hl-lntenaity lights usefulf 

las, 85* 

He. 15* 

(listad by categories of response from highest to lowest) 

Miscellaneous replies 

Mever use them 

Very useful 

C-12 
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I|0# In your opinion what could b© dono to improve Instrument lighting? 
(lieted by categories of response from highest to lowest) 

Miscellaneous replies 

Use more integral lighting 

Reduce windshield and canopy reflections 

EUmlnate direct light on instrument to cover glass 

Uniform Intensity control 

Use white light 

111« What is the most critical problem with regard to lighting in your 
cockpit? (Responses which were most common are listed by A/C type) 

Canopy or windshield glare SH-3, F-8, C-118, Flj, SP-2, A-6, RA-* 

Center Console SH-3 Alt 

Miv, equipment switches difficult to see SH-3 

Reading maps SP-?, 3-2 

Unsatisfactory light adjustment S-2 

Inadequate knee board light F-lj, F-8, A-h 

)(2t Are there any limits within the cockpit which cause your visual tsoks 
to be more difficult? 

Ies, 51* 

Mo, li9* 

Cornentt (listed by categories of response from highest to lowest) 

Miscellaneous replies 

Radios poorly lighted 

Canopy and windshield reflections 

Some advisory lights distracting 

Kneeboard difficult to see 

Meed to be í hie to vary intensities better 

Sooe lights too bright others too dim 

C-13 
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ll3v Dees unbalanced panel lighting cause any problem? Explain* 

lee, 26% 

Kb, Till 

Explain (listed by categories of responses fren highest to lowest) 

Miaeellaneoue replies 

Different intensity settings are distracting 

Intensity nust be too high to light din Instruments 

Too many after thoughts in design 

Wien pilot and co-pilot disagree on intensity 

lib. Do canopy reflections create night flying difficulties? • 

lee, 80! 

No, 20! 

hl» In your normal flying, on what occasion do you require a rapid change 
in inUrior light level? K 

721 of those answering this question required- no change. 

Cement ( Listed by categories of response from highest to lowest) 

Miscellaneous replies 

Map and chart reading 

During thunderstoras 

Reading radio frequencies 

Por landings 

Right after take-off (ship and shore) 

1|6, Do you have any suggestions which might cut down canopy glare? Explain, 

Ies, ii7< 
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Ommntt (lietad by categories of response from highest to lowest) 

Miscellaneous replies 

®sc glare shields some way 

Use non glare Instrument faces 

Angle instruments 

Recess instruments 

use lack-lighting 

Use tinted glass 

1»7# What are the lighting problems created by the oreatne* aF 
*“» right«, .to. in your eookpltT Btpl.lo. P "'* of ^ 

kO* uf thooo writing emments «ported no problem 

Btplalnr (11«tod by «togorl«. of „,p.„Ee frco h,(,hMt ^ lomst) 

Miscellaneous replies 

Ounsights too bright 

Ounslght control too sensitive 

Radar causes glare on canopy 

Radar too bright for approach on landing 

M, Which, if any, controls in your cockpit are difficult to find? 

Otespooset which were most common are listed by A/C types) 

Radios SH-3, A-h, A-6 

Overhead switches Stí-3 

U* jU6, <5118, S-2, P8, SP-2 

Ulterior light switches F-8, ra-5 

Flaps Y~h 
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i»9# Rter Jo you find these controls difficult to locate? 
lusted by categories of response from highest to lowest) 

Miscellaneous replies 

Inadequate lighting 

too »any knobs around radios 

Too dose tc one another 

All toggle switches feel the sane 

Must twist body to reach then 

.TSÆXuiir*“"8 “d othw ^ 
ïo». 39Í 

Mo. 61^ 

Conaent* (listed by categories of response from highest to lowest) 

Miscellaneous replies 

MO place to put maps 

Must use flashlight 

Map eases inaccessible 

T% 

Mo. 

MO consistent pattern of replies 

ft. Mould a nap ease light be useful in your A‘/C? 

Tes. 1W 

Mo. 82* 

Mo eonslstent pattern of replies 
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53. 1« your knee board sufficiently lighted? If not, what could be done? 

Tes, 1W 

Do. 6& 

Suggestions! (listed by categories of response from highest to lowest) 

Miscellaneous replies 

Hake light weight board with sturdy light 

Pht light on canopy 

Make a reliable light 

«se A/C power to plug into knee board 

«se goose neck light 

A. 

Tes, 87Í 

Mo, 13* 

Comnentst (Responses which were most common are listed by A/C types) 

More separation needed SH -3 

Meed store rheostats A-t, SP-2, ra-5 

S». Do^you utilise any Hf^other than supplied with your a/C at night? 

Tes. 95* 

Mo. 55« 

Almost 
lens. 

all pilots use a flashlight, generally Boy Scou 
some report using a cigarette lighter. 

type with red 
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56, Do you fool that your park adaption has been degraded by the lighting 
during starting period? Tea ___ No _____ 

Tes, 225 

No, 785 

57, Where do you position your controls for interior lights prior to 
take-off at a shore base? 

lev 65 

Med, 565 

High 365 

58, Where do you position your controls for interior lights prior to 
take-off on a carrier? 

Low 155 

Med, 605 

High 255 

59, On a carrier, immediately after take-off,, do you feel that the 
'iterlor lights should be turned up, down, or not concerned until 
fter elinbout? 

Dp 25 

Down 165 

Hot eoncerned 625 

Cementt no time to change ratting 

60, Tou are on a lone operational flight (ferry aircraft Pax to Sanford), 
take-off 2100 hours, VFR, clear starlit night, no moon, reach cruise 
altitude and picked up heading. Where do you position your interior 
lighting controls? 

Low 335 

Med 555 

High 225 
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After on« hour 

8mm 13% 

*9 

Down $6% 

Ï.Î?1 over» ^811 or remov® *ny distracting lights? If so. what“ 9 

1)0# M* 

Hark over 17Í 

Mask 6T% 

Remove 16% 

Most responses were idiosyncratic. Only the following received 
store then one response. 

A'/}-S Control box (mark over) A-li 

Doppler light (mask) SH-3 • 

Wheel warning light (mask) A-ii 

Radar altimeter light (mask) SH-3, A-li 

Anti-ice light (mask) SH-3 

Engine door light (mask) RA-S 

OoT.p* t. (mask) SP-2 

62. If you fly into an overcast at night, do you turn interior light? up? 
—. Down?_ Leave alone? 

up 

Down 

Leave Alone 

13* 

13* 

7li* 

63. With regard to cockpit lighting name one outstanding aircraft. 
A'/C currently operating. Only seven 

chose other A/C and these were trainers, presumably the one In 
which they took instruction. 
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With regard to vision, name one outstanding aircraft. 
.l" Questionnaire vae mentioned. Only a fev types vers 

listed outside current assignment. They were» T-28, T-2, SP-2, SH-3, 

•S7 ln8truB€nts 00 yuur aircraft that are difficult to read 
•» nigntT zes _____ No_ Nans« 

ï«. Í3* 

»>. 27* 

Ihme» (Responses vhlch were most common are listed by A/C type) 

Radio frequencies SH-3, C-118 

B.D.H.I, SK-3, A-Ii 

DUE A-!,, SP-2, E-l, RA $ 

Gear Indicator A-6, f-8 

M.A.D. SP-2 

Compass SP-2 

Fuel Totalizer RA-5 

Would you prefer post lighting 
lighting (translllumlnated)T 

or any other method over integrsl 
7e® - . Ho __ Coment* 

Tes, 26% 

Ho. 7W 

Gomment* (listed hy category of response from highest to lowest ) 

Mlseellaneous replies 

less glare from Integral 

Integral more reliable 

Integral hard to repair 

Post lights easy to change 

Post lighting uneven 

C-20 
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6T’ "7 ^ ^ «»mW Inatrunent U^t., 
Ä®. X 

»0. 97* 

6B, Does your nap storage area need a light? 

29* 

He. 71* 

«>. fc the kneenoard ln jroor «Iroraft auttlcl.Htly Uphtedi r.._ 

If õõíra.t d. you far! eoold bo don. to l.prov. 1« 

Iss. I8t 

Ho, ez* 

•Wntr (listad by catagoiy of responso fron highest to lowest) 

Miscellaneous replies 

light knee board 

*i*ÍTel light on canopy 

Hse gooseneck lamp on side console 

70, Do you preset your interior lierh+a v-d’_ 
pattern for a carrier of basfn^i^ ".7°“ C<”° landing 

Yes, 6¾ -- 
d 

Ho. 37* 

n* ÂfSÂa^tîïrXn^ Tisht' «>• 
Tes. M 

Ho. $3* 

Oom.ou (listed by category of response fro« highest to lowest) 

Ounslght too bright 

Miscellaneous replies 

Hard to keep adjusted 

Red gunsight would help 

C-21 
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questionnaires, and direct observations of pilots in the F4B and other’aircraft 
were employed The results indicate that the methods employed are practicaí lîd 
that the visual tasks performed and ambient external lighting conditions are 
important determinants of lighting utility inside the cockpit. 

FORM 
1 JAN <4 1473 IINCLASSTFTFD 

Security Classification 



UNCLASSIFIED 
Security CU»»ification 

u. 
key None* 

LINK A 

ROLE 

LINK B 

ROLE 

LINK C 

ROLE 

Aircraft lighting 
Visual tasks 
Visual requirements 
Lighting utility 
Night flight operations 

INSTRUCTIONS 

1. ORIGINATING ACTIVITY: Entar Um nam« and addras* 
of tha contractor, aubcontractor, grantaa, Dapartnant of Da- 
fonoo activity or othar organisation fcoiporata author) laauing 
tha rapo it. 
2a. REPORT SECUHTY CLASSIFICATION: Entar tha ovar- 
all aacurlty claaalfleatlon of tha raport« Indicata whothar 
“Raatrlctad Data" la Included Ifaifcing la to bo in accord- 
aneo with approprlata aacurlty ragulatiooa. 
2b. GROUP: Automatic doamgradlng la apacifiad in DoD Di¬ 
rac tiva 5200.10 and Armad Forças Industrial Manual. Enter 
tha group number. Also, whan applicable, show that optional 
markings have boon usad for Group 3 and Group 4 aa author¬ 
ised. 
3. REPORT TITLE: Enter tha complete report title In all 
capital letton. Titles In all cases should be unclassified. 
If a meaningful title cannot be selected without classifica- 
tion, show title classification in all espítala In parenthesis 
immediately following the title. 
4. DESCRIPTIVE NOTES: If appropriate, enter the type of 
report, e.g., Interim, progreaa, summary, annual, or final. 
Give the induaive dates when a specific reporting period is 
covered. 
5. AUTHORfS): Enter the name(a) of authoKa) aa shown on 
or In the raport. Tatar laet name, firat name, middle initial. 
If military, she* rank and branch of servies. The name of 
the principal author is an absolute minimum requirement 
6. REPORT DATE: Eater the date of the report aa day, 
month, year, or month, yean If more than one data appears 
on the report, use date of publication. 
7a. TOTAL NUMBER OF PAGES: Tha total page count 
ahould follow normal pagination procedures, Le., enter the 
number of pages containing information. 
7b. NUMBER OF REFERENCER Enter the total number of 
references citad In the raport. 
Sa. CONTRACT OR GRANT NUMBER: If appropriate, enter 
the applicable number of the contract or grant under which 
the raport was written. 
Sb, Sc, b Sd. PROJECT NUMBER: Enter the appropriate 
military department identification, such aa project number, 
subproject nupber, system numbers, teak number, etc. 
9a. ORIGINATOR'S REPORT NUMBER(S): Entar the offi¬ 
cial report number by which the document will be identified 
and controlled by the originating activity. This number must 
be unique to this report. 
9b. OTHER REPORT NUMBER(S): If the report has been 
asaigned any ether report numbers feither by the originator 
or by the sponsor), also enter this numbers). 
10. AVAILABILITY/LIMITATION NOTICES: Enter any lim¬ 
itations on further dissemination of the report, other than those 

DD .î.0::. 1473 (BACK) 

imposed by security classification, using standard sutamenta 
auch as: 

(1) "Qualified requesters may obtain coplea of this 
report from DDG" 

(2) "Foreign announcamont and dissemination of this 
report by DDC Is not authorised," 

(3) "U. S. Government agencies may obtain coplea of 
this report directly from DDC. Other qualified DDC 
usera shall request through 

I« 
.... ——q—i———awp^—^—^^iaav • 

(4) **U. S. military agencies may obtain coplea of this 
report directly from DDC Other quelifiod usere 
shell request through 

9$ 

(5) "All distribution of thla report is controlled Qual¬ 
ified DDC users shall i aqua at through 

If the report has bean furnished to the Office of Technical 
Services, Department of Commerça, for sals to tha public, indi¬ 
cate this fact and entar the price, if know* 

1L SUPPLEMENTARY NOTER Use for edditional esplana- 
tory notes. 
IX SPONSORING MILITARY ACTIVITY: Eider the name of 
thé deport mental project office or laboratory sponaoriag (por¬ 
ing tor) the research and development Include addresa. 
13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document Indicative of the report, ovan though 
it may also appear elsewhere In the body of the technical re¬ 
port. If additional apace is required, a continuation shaet shall 
be attached. 

It la highly desirable that the abatract of classified reports 
be unclaaslfied. Each paragraph of the abstract shall and with 
an indication of tha military security classification of tha In¬ 
formation in the paragraph, represented aa (TS). (S). fC). or (U). 

There la no limitation on the length of the ebatraet. How¬ 
ever, the suggested length la from ISO to 225 words. 

14. KEY WORDS: Key words are technically meaningful terms 
or short phrases that characterise a raport and may be used aa 
index entries for cataloging the raport. Key words must be 
selected so that no security classification is required. Identi¬ 
fiers, such aa equipment model detipiation, trade name, military 
project code name, geographic location, may be used aa key 
words but will be followed by an indication of technical con¬ 
text. The assignment of links, rales, and weights is optional. 

UNCLASSIFIED 
Çrtbf»!!tiUt rimmmi.15<^*»**«« 




