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INSTALLATION AND TESTING OF 
VISUAL GLIDE PATH INDICATORS 

ABSTRACT 

Flight tests were conducted to comparatively evaluate five 
different types of visua1 glide path indicators.    The systems installed at 
the National Aviation Facilities Experimental Center (NAFEC) were: 
Wes>   .6house Tri-Color,  Navy Mirror,   USAF Interim Mirror, 
Australian Cumming-Lane,  and British RAE.    All of the systems were 
set up on Runway 13,  and as nearly as possible,  each system was 
adjusted to the same vertical angle as the ILS glide path. 

A wide cross section of pilots from all segments of aviation 
participated.    A cross section of aircraft was employed,  from a Piper 
Tri-Pacer to the Boeing 707. 

Initial testing was directed toward selecting the more promising 
systems followed by concentrated testing and comparative evaluation of 
the selected systems.    Accordingly,   the last six weeks of the program 
were devoted to comparative evaluation of the Australian Cumming-Lane 
and the British RAE system. 

Subjective data indicate that more pilots prefer the RAE system 
than prefer the Cumming-Lane.    All pilots but one indicated that a 
requirement exists,  under certain conditions,   for visual glide path 

assistance. 

Theodolite recordings show that no significant differences exist 
in the maximum range at which the lights can be seen (with respect to the 
systems named above),  or in the maximum range at which guidance is 
available.     The RAE system,  however,  provides guidance   to a lower 
altitude than does the Cumming-Lane system. 

It is recommended that thr RAE Visual Glide Path Indicator be 
adopted as the United Statea standard. 

IV 



PURPOSE 

The purpose of this task was to install and evaluate, under actual 
service conditions,  visual glide path indicators and to recommend a 
system for adoption as the United States standard. 

SUMMARY 

Visual Glide Path Indicators were installed to provide approaches 
to Runway 13,  as nearly as possible coincident with the vertical angle of 
the ILS glide slope.    Prior to starting the task flights,  a complete ILS 
flight check was conducted by FAA flight inspection personnel. 

The flight program was divided into two parts,  each of approximately 
6 weeks duration.    The first part was devoted to evaluating all five systems 
with a view to selecting the most promising for further detailed testing. 
The .last six weeks were directed toward selection of a system to be 
recommended as the national standard. 

Systems were evaluated by using pilot reaction questionnaires and 
optical and electronic tracking instrumentation.    Recorded data were 
reduced by the NAFEC electronic computer facilities. 

Operational performance data were analyzed and considered along 
with other factors in order to make a final selection of a Visual Glide 
Path Indicator System to be recommended as the national standard. 



INTRODUCTION 

Development and testing of visual glide path indicators are not 
new in the field of airport lighting and visual aids.     The United States 
Air Force,  United States Navy,  Royal Aircraft Establishment, 
Australian Department of Supply,   Civil Aeronautics Administration 
(now Federal Aviation Agency),  and other agencies have experimented 
with,  and tested,  various ideas and devices.     Landing accident statistics 
have shown a marked increase in recent years as the number of jet 
aircraft in operation have increased.    There has been an attendant 
increase in interest in visual glide path indicators on the part of all 
aircraft operators.    Internationally,  the problem of visual guidance 
has been recognized by ICAO,   and that group has recommended an 
accelerated program to select a system to be adopted as the standard. 

The test program at the National Aviation Facilities Experimental 
Center (NAFEC) used a somewhat different approach than that used in 
previous tests.    While earlier tests used a very small number of highly 
experienced airline and/or military pilots,  the NAFEC program called 
for participation in the tests by a large number of pilots comprising 
a wide cross section of the aViation industry.     The same concept was 
applied to aircraft with at least 26 types of aircraft participating. 

In certain of the earlier tests,   the results were L /ftized 
because equipment was not constructed properly.     To avoid this pitfall, 
it was decided to use a production system where possible,   and strict 
adherence to specifications provided on the systems.     Accordingly,    .. —• 
a complete RAE system was purchased from the British manfacturer 
and installed in accordance with his specifications.    The Mirror system 
tested was a standard portable system furnished by the U.   S.   Navy. 
The Westinghouse Tri-Color projectors were production items.    The 
Cumming-Lane system was built to duplicate the Australian components 
as nearly as possible.    One exception here is that the red flashing 
undershoot light was omitted.     This decision was based upon the fact 
that the actual guidance being tested was to be derived from the b   rs, 
and also upon the fact that Australian experience indicated that'pilots 
were rarely conscious of the red lights.     Finally,  the USAF Interim 
Mirror system,  dubbed "Meatball," was copied from a similar instal- 
lation at Richards-Gebaur Air Force Base,   Missouri.    The NAFEC 
installation of the latter used higher intensity lamps. 



DISCUSSION 

General 

Five systems of visual glide path indicators to be comparatively 
evaluated posed a problem due to the large number of approaches required. 
In view of the fact that the task assignment called for a wide cross section 
of pilots and aircraft,   it appeared advisable to limit the first scope of 
the task.     Therefore,  the first portion of the flight test program,  from 
February 1 6 to March 31,  was devoted to making  a determination of the 
system showing the greatest promise.    Since the program had been 
delayed due to late arrival of some of the equipment,   it was decided to 
use the more expensive-to-operate aircraft (KC-135,   Boeing 707) during 
the latter part of the program.     The early test results showed that of 
the five systems,  the Australian Gumming-Lane and the British RAE 
(also called Calvert) systems would best meet the requirements of all 
users. 

Installation 

All systems tested were installed on the approach end of Runway 
13.    This was so that,  for test purposes,  the ILS glide si     e Lould be 
used,   if necessary,  as a cross reference.     Participating y Iocs were 
asked not to use the ILS;   however,   except during familiarization runs, 
and to turn it off when making recorded runs.    All of the devices were 
installed so that they were independent of the normal runway lighting 
circuit.    Controls were housed in a small building approximately 1,000 
feet to the side of the touchdown area.    An exception to this v/as the 
Navy Mirror,  which was operated by power from a portable .generator. 
The selector panel was  wired so that only  one system could be selected 
at a time.     Further information on electrical circuitry is included in 
Appendix I. 

Description of Systems 

a.     The Navy Mirror system consists of a concave mirror 4 feet 
high and 3 feet wide,  flanked by horizontal bars of green lights,   extending 
approximately 8 feet out from the mirror,  midway up the sides of the 
mirror.    A row of amber lamps,  about 4 feet long,   is positioned on the 
ground 150 feet toward the threshold from the mirror,  and aimed at the 
center of the mirror.    The concave surface of the mirror reflects the 
light from the source lamps back toward the  pilot as an amber ball of 
light.    When the  pilot is high on the glide slope,   the amber ball appears 
above the line of green lamps,   and if he is low,  the amber light appears 



below the green lights.     The objective of the pilot is to keep the reflection 
of the amber lights aligned horizontally with the green bars.     The  glide 
path angle can be changed by tilting the mirror foward or back to decrease 
or increase the angle,   respectively.     In order to add versatility to the 
equipment,   the NAFEC electrical shop modified the intensity control 
so that separate Variacs were available to adjust the intensity of the 
amber and green lights independently.     The mirror was positioned on 
the left side of the  runway  1, 000 feet from threshold.     The equipment is 
shown in Fig.   2. 

b. The Interim Mirror (USAF Meatball) represents an attempt 
to provide the same presentation as the Navy Mirror,   but without using 
a mirror.     This  installation consists of two bars of green lamps,   each 
bar 7 feet long,   mounted on frangible stanchions.     The bars are mounted 
in line,   with a gap between the two stanchions of 14 feet.     The green 
lamps are 5 feet 11 inches above the runway.     Mounted behind the green 
lamps (as viewed from the threshold) is a cluster of four amber lamps, 
mounted on a frangible stanchion so that the center of the cluster is 
3 feet 10 inches above the  runway.     The amber cluster is 60 feet farther 
from threshold than the green bars,   a:.d is located slightly outboard 
from the center of the gap between the green lights.     This is to allow the 
amber lamps to be viewed from a position approximately over the thresh- 
old without moving behind the inboard row of green lights.     The presenta- 
tion of this  system is exactly as in the mirror system,   the amber lights 
are aligned with the green to stay on the glide path.     If the amber ball 
moves above the green bars,   the aircraft is high,   and vice versa for a 
low position.     The array of lights is  set up on the left side of the  runway, 
so that the glide path intersects the  runway approximately  1, 050 feet 
from the threshold.     This  system is  shown in Fig.   3. 

c. An entirely different principle is used in the Westinghouse 
Tr.i-Color indicator (see Fig.   4).     A complete  system consists of two 
projectors,   one mounted on each side of the  runway opposite the   1, 000- 
foot point.    Each projector emits a single beam,   split into yellow*,   green, 
and red sectors by a filter.     The unit is aimed up the glide path at the 
proper angle so the pilot sees yellow light if high,   green light when on the 
glide path,   and red light if IQW.     The horizontal beam spread is   15   .     The 
vertical spread of the yellow sector is 7   ,   the green is 2   ,   and the red is 
6°,   for a total of 15   .     In order to distinguish the light from other steady« 
burning lights,   the beam is interrupted about 40 times per minute by a 
shutter actuated by a small electric motor.     The lines separating the 
colors arc very sharp.     This has caused the manufacturer to recommend 
that the unit on the left side of the runway be aimed 1/2° higher than the 



one on the right,   which is set to the desired glide angle.     This will warn 
the pilot of an impending descent below the glide path,   since he will inter- 
cept the red beam of the left-hand unit before leaving the green beam of 
the right-hand unit.    Conversely,   a deviation toward the high side will 
cause the yeiiow beam of the  right-hand unit to become visible first. 

d. The Cumming-Lane device,   also known as Precision Visual 
Glide Fath and Double-Bar Ground Aid,   makes use of the ability of the 
human eye to detect misalignments in bars of light.    It consists of three 
elevated amber lamps on frangible wooden poles,   located 170 feet from 
each side of the runway,   opposite a point 500 feet from the threshold.    On 
each side of the runway at a point 1, 000 feet from the threshold,   a row of 
five white lights is installed at the level of the runway centerline.    Embedded 
in the centerline of the runway 1, 000 feet from the threshold is a low- 
intensity white aiming light (see Figs.   5 through 8).     The desired glide 
path determines the height of the elevated amber lamps above the white 
lights.     The NAFEC installation (approximately 2. 6°) required the amber 
lights to be 23 feet 6 inches above the white lights.    If the pilot is on the 
glide path,   the center of the array,   or the row of white lights,   will be 
aligned with the amber,   so that he sees three amber lights,   five white 
lights,   the aiming light,   five more white  lights,   and three more amber 
lights in a row,   all perfectly aligned.    If the aircraft goes above the 
glide path,   the white lights will move above the amber,   and if the air- 
craft goes low,   the white lights will move below the amber.    A complete 
system also incorporates a high-intensity «red flashing light which should 
become visible to the pilot when his wheels infringe upon a predetermined 
obstruction clearance plane.     This feature was deleted from the NAFEC 
test installation because the guidance being evaluated is obtained solely 
from the bars.     The undershoot lights are added safety features which are 
desirable but" which have no bearing upon the guidance principle. 

e. The  system developed at the Royal Aircraft Establishment, 
and known as the RAE Angle of Approach Indicator (AAI),   uses still 
another principle.     The complete system consists of 12 light source units 
arranged in bars,   with three units placed on each side of the runway, 
opposite the 750-foot mark (from threshold) and three on each side of 
the runway at the  1, 250 foot mark.    Each unit is about 4 feet 6 inches 
square,   and contains three high-intensity sealed-beamed lamps and 
three filters,   the upper half of which is red and'the lower half clear, 
mounted immediately in front of the lamps.    A horizontal slit across the 
front of the box,   about 2 inches wide,   is at the focus of the lamp.    The 
effect,   then,   is somewhat like a pinhole camera,   so that an observer 
viewing the slit from a high angle sees white light.    As his viewpoint is 



lowered,   the light changes in color through pink to red.     By adjusting the 
tilt of the box so that the bottom of the white beam is at the desired glide 
slope angle,   the arrangement of all the units then will define a safe glide- 
path corridor.     When on the proper glide path,   the pilot is in effect over- 
shooting the bars nearer the threshold,   and undershooting the bars farther 
down.     Thus,   he will see the nearer bars as white and the farther bars 
as red.    A position below the glide path will cause both rows of light.to 
be red,   and a high position will cause both bars to be white.     Impending 
departure from the glide path is indicated to the pilot by a transition in 
color from red through pink to white or vice versa.    A movement to the 
high side will cause the farther bars to change from red through pink to 
white.    A descent below the glide path will change the nearer bars from 
white through pink to red.     The RAE 'System is shown in Figs.   9 through 
12. 

Data Collection 

Because the test directive required a wide cross section of pilots 
and aircraft,   the first step in the design of the program was to request 
assistance from many sources.    Accordingly,   letters were sent to the 
military services and to other aviation organizations,   soliciting pilot 
volunteers.     The response provided more than a hundred subjects before 
completion of the flight phase of the program.    Subjective data were ob- 
tained by means of a questionnaire,    Appendix II,   in which pilots expressed 
opinions on the various systems with'respect to a number of aspects. 
(After the task was limited to two systems,   the questionnaire was not 
redesigned,   but pilots were briefed to apply the questions and respbnses 
to the two remaining devices and to ignore the three which had been 
eliminated. )   Objective data were obtained by optical tracking wiih 
Contraves phototheodolite equipment.     Film was exposed at a rate of 5 
frames per second,   with a reading of the film every 15th frame.     This 
gave a position each 3 seconds.     The theodolite runs were designed so 
that a mark was made on the film when the pilot saw the lights of Lhe 
system in use,   when he had guidance (high,   low,   or on-course),   and when 
guidance was lost as the touchdown point was approached. 

• 
A-briefing brochure was prepared which outlined the nature of the 

test program,   gave brief descriptions of what the pilot could expect to 
see,   and presented color plates of an artist's conception of the pilot's 
view of each system.     Test procedure information,   such as frequencies, 
call signs,   traffic patterns,   required reports and so forth also was 
included.     The brochure was distributed in advance to prospective par- 
ticipants so that the briefing time required on their arrival could be held 
to a minimum.    A questionnaire was included in the brochure so that 



pilots would know what particular aspects were to be looked for.    Just 
prior to flight,   the subject pilots were given a verbal briefing,   which 
expanded upon the material contained in the brochure,   and during which 
questions were answered.     When possible,   the pilots were transported 
to the runway to inspect the various items of equipment in each system. 

Experience of participating pilots  ranged from a private pilot with 
500 hours to an ex-airline captain who reported "more than Z0, 000. " 
Instrument flying« experience  ranged from none to several thousand 
hours.    Participants from several foreign countries also flew during the 
test. 

Flights were conducted during both daylight hours and hours of 
darkness.     Most of the approaches were in weather conditions above 
1, 500-foot ceiling and 5 miles' visibility,   although a few pilots,   particu- 
larly from NAFEC,   had the opportunity to observe the systems under 
worse conditions.    Several prolonged periods of unfavorable wind 
conditions made it necessary that only low approaches be made during 
those periods. 

Aircraft types flown during the program were: Piper Tri-Pacer, 
Piper Apache,   Piper Comanche,   Beech Travelair,   Beech Bonanza,   Aero 
Commander,   Mooney Mark 20-A,   C-45,   C-47,   C-54,   C-118,   C-119, 
C-124,   C-131,   KC-135,   B-47,   SA-16,   F-84F,   T  33,   Grumman TF, 
F9F,   De HaviJland Dove,   Gulfstream,   Electra,   Constellation,   and 
Boeing 707. 

The briefing brochure and the oral briefings referred to the 
systems by code names  rather than by manufacturers' or designers' 
names.    Code names used were Tricolor,   Mirror,   Amber,   Double-Bar, 
and Red-White for Westinghouse,   Navy,   USAF,   Cumming-Lane,   and RAE 
systems,   respectively.     During the early part of the test,   each pilot was 
asked to make two practice runs before making a recorded run on each 
system.     After the decision was made to retain only the Cumming-Lane 
and the RAE systems,   each pilot was allowed up to four practice runs on 
each,   with the requirement that each system be flown the same number 
of times.     Most of the recorded runs were made during straight-in 
approaches from the outer marker (4. 3 nautical miles). 

In addition to the mass of data collected from the  runs,   special 
measurements were made to investigate the effect of visual aids upon 
touchdown dispersion,   and the amount of time required for a pilot to 
maneuver the aircraft to the glide path after being deliberately displaced 



therefrom under hooded conditions.     The first of these touchdown dispersion 
measurements was made using a highly qualified pilot in an F9F-8T.    A 
series of landings was made without visual glide path assistance,   and the 
touchdown points recorded.     The sequence of events was repeated with 
both the RAE and the Cumming-Lane devices switched on.     The second 
special test used pilots who were familiar with both the RAE and Cumming- 
Lane systems.     One pilot in a C- 13 IB (Convair 340) and another in an Aero 
Commander were used as subjects.     A series of alternately high and low 
deviation of the same magnitude for each run was set up,   with the pilot 
hooded and aircraft positioned by the observer on the centerline extended. 
Precision approach Radar (GCA) gave a mark at 3 miles from the thresh- 
old.     The subject pilot then looked out as the observer started a stop 
watch.     The pilot in each case was briefed to interpret the signal and 
maneuver the aircraft to the glide path as quickly as possible,   at which 
time the watch was stopped".    It was recognized that normal procedure, 
if below the glide path,   is not to climb,   but to level off until the glide 
path is intercepted.    For this test,   however,   the pilot was asked to find 
the glide sltjpe from both high and low positions. 

Data Reduction 

Subjective data irom pilot reaction questionnaires were tabulated 
(Appendix II).     Most responses could be made by means of check marks. 
Questions which invited comment were reviewed and selected comments 
are included elsewhere in this report. 

Some of the airline pilots flying Boeing 707 aircraft were unable 
to submit complete questionnaires due to. the pressure of their regular 
duties.     They submitted brief impressions,   however,   and because of the 
importance of selecting a device which can be used by large jet aircraft 
as well as smaller,   more maneuverable craft,   their preferences are 
included in the tabulated data. 

The time required to maneuver to" the glide path by the two 
selected pilots referred to under "Data Collection, " above,   was recorded 
in tabular form and is included as Appendix III. 

Recording of touchdown dispersion was so inconclusive that further 
efforts in this direction were not pursued.     The pilot stated that even 
though he used the angle-of- attack indicator,   no two approaches were 
exactly alike,   and the visual glide path systems had no bearing on his 
actual touchdown point.    He did state,   however,   that the indicators 
enabled him to establish his desired angle of attack sooner and maintain 
it with fewer adjustments until he was ready to transfer his attention to 
the actual flare and touchdown. 



Sensitivity curves comparing three  systems which were visible at 
long   range (USAF    Amber,   Cumming-Lane,   and RAE) were prepared by 
Mr.  J.   C.   Morrall of the Royal Aircraft Establishment.     The curves 
represent the upper and lower limits of the area within which it is possi- 
ble to receive an indication of being on the glide slope.     These data are 
shown in Fig.   1 3. 

Reduction of theodolite film was accomplished by film readers 
punching the data points on IBM cards.     The cards in turn were used 
to prepare a program ^for the NA.FEC 1MB 709 computer.     Tabular data 
produced by the computer then were plotted as graphs (Figs.   14 through 18). 
Computer data sheets are attached as Appendix V. 

Data Analysis 

Pilot Reaction questionnaires were analyzed to (1) investigate the 
attitude of individual pilots with respect to the need for visual glide path 
indicators,   and (2) to determine which system in the NAFEC evaluation 
was preferred.by the most pilots.    An example of the questionnaire,   with 
tabulated responses,   is'attached as Appendix II. 

The questions for the most part were designed to be answered by 
a check mark in an appropriate square.    This was done to allow the sub- 
jects to complete the form in a minimum of time.    Even so,   some of the 
participants,   particularly Boeing 707 pilots,   were pressed for time and 
consequently recorded their impressions in quite condensed form and 
mailed them in upon return to their base.    Also,   a group of 12 pilots 
from one organization whose questionnaires got lost in transit recorded 
their impressions in composite foj-m.     These results are not included in 
the tabulated data.    Of the more than 100 subjects who participated, 
questionnaires were returned by 62.    Abbreviated comments were sub- 
mitted by 17 others.     The consolidated results herein include replies 
from participants who flew during the early phase,   when all five systems 
were in the program,   as well as from those who fiew on the two systems 
retained for the second phase of the evaluation. 

The decision-to concentrate the task effort on the RAE and Cumminc- 
Lane .systems was based on flight experience of the task manager and the 
participating pilots.    At the time the decision was made to limit the task, 
analysis of almost 400 runs (flown during check flights,   demonstrations, 
and actual task flights) indicated that the three systems described below, 
would not provide adequate guidance for overall general use. 
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The mirror system green datum lights were visible at five miles 
under normal night conditions and at about three miles in daylight.     The 
reflected source light required for guidance, however,  was usable for 
only about two miles at night and a lesser distance in daylight.     During 
one night flight,  moisture on the mirror caused a degradation of the 
glide slope signal to the point where it was unusable.    Also,  unless the 
aircraft was at the proper altitude at acquisition range,   there was no 
indication as to which way to fly (up or down) to intercept the glide 
slope. 

In the case of the USAF interim system,  the green datum lights 
were visible at distances beyond the outer marker,   even in daylight. 
Again,  however,  the amber source light was not visible until about one 
and one-half nautical miles from the threshold in daylight and about two 
and one-half nautical miles at night.     This system has a serious defect, 
moreover,  in the quality of guidance.     Because of the short distance 
betw.een the source light and datum bars (60 feet) the sensitivity of the 
system was so poor that a large change in altitude produced little or  no 
change in the position of the source light with reference to the green 
datum bare.    A plot of the sensitivity curve shows,   in fact,   that it is 
possible to receive an indication of being on the glide path at an altitude 
of only S-d feet above ground,  three nautical miles from touchdown 
(see Fig.   13). 

The Westinghouse Tri-Color system was effective at night in 
clear weather.    It has been seen at the outer marker (4. 3 nautical 
miles) under those conditions,   and the guidance received was good.    In 
daylight, however,   the units were seldom seen by pilots until the air- 
craft was practically over the threshold.    Several pilots called to 
verify that the units were not turned on,  although they were operating 
properly.     Also,   color definition deteriorated when precipitation was 
present or when moisture collected on the lens.     This latter condition 
was noted after particles of snow had blown against the lens and melted 
there.    Some pilots expressed confusion about the 1/2° difference 
between the glide paths of the two units,   even after they had been 
briefed. 

Since evaluation of the three systems mentioned above was 
discontinued,   the discussion of the   pilot responses will deal only with 
the Cumming-Lane and RAE systems. 

The# first three questions concerned the need for Visual Glide 
Path Indicators.     There were 34 responses indiaating that under clear 
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The question as to type of airport to be equipped with visual 
glide path indicators drew varied responses with 47 expressing the 
opinion that airports surrounded by unfavorable terrain should be given 
first priority.    Of interest is the fact that city terminals received only 
five first preferences,  with at least one comment added that the choice 
was made from the noise abatement .standpoint. 

daylight conditions such devices are unnecessary.     Twenty-four, 
however,   indicated that they are desirable and two necessary.    The 
largest number of responses (47) indicated a necessity for visual glide 
path guidance under night and reduced visibility conditions.    The same 
number indicated that guidance is desirable under night,  clear,  conditions 
with a well lighted foreground.    Forty-one indicated that they felt 
guidance necessary under night,  clear conditions with an unlighted 
foreground. 

One pilot,  an executive of a local service airline,  maintained 
that visual glide path devices are completely unnecessary and that while 
"nice to have, " the money would be better spent on other airport 
lighting developments. 
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Of the two systems finally considered,  the RAE was felt by 30 

subjects«to wholly satisfy the need for guidance and 28 to partly do ' 
so.    The Cumming-Lane system was considered wholly adequate by 
15 and partly adequate by 41. 

• 
The next 14 questions concerned various aspects of individual 

systems which the subjects were asked to compare.    Of the 14 aspects 
considered,  the RAE system was felt to be better in 11.    The Cumming- 
Lane system was considered better in 2,   and they were considered 
equal in 1. • 

Only a few pilots commented on inherent dangers.    A few 
considered that all systems could cause a fixation,  with the pilot neg- 
lecting his normal flight instruments.    Some comments were made 
regarding the possibility of misinterpretation of the Cumming-Lane 
bars upon breaking contact from an instrument approach since the 
position of the white bar of lights in relation to the glide slope is the 
reverse of the position of the ILS glide slope needle.    A few pilots 
mentioned that the red color of the RAE system might be mistaken for 
obstruction lights.    One pilot made the. comment that dependence upon 
visual glide path indicators might eventually impair the natural judgment 
of pilots to the point where good approaches could not be made into fields 
not equipped with indicators. 

I 
I 



With regard to instrument reference during a normal approach 
on J;he Cumming -Lane system,   25 pilots said less attention'was required, 
27 said the same amount of attention was required,   and 5 said more 
was required.    For the RAE system,  the results were:    less  - 26, 
same  - 32,  and more   - 3.     One pilot indicated more attention to instru- 
ments was required on all systems but attributed it to unfamiliarity 
with the aircraft. 

When asked about their instinctive feeling about height during 
the last half-mile of the approach,   9 pilots felt the Cumming-Lane 
system brought them.in too high,   39 said about right,   and 4 felt too low 
For the RAE system,   6 felt too high,  49 about right,   and 1 too low. 

After considering all aspects of each system,  pilots were 
asked outright which one was preferred.     Two pilots said that either 
the Cumming-Lane or the RAE system would be acceptable.    Fifty- 
eight replies to this question were received.     The RAE system was 
preferred by 36 pilots and the Cumming-Lane by 22      In addition,  the 
abbreviated comments received indicated a preference for the RAE 
system by 12 pilots,  with 5 pilots in favor of the Cumming-Lane 
system.     Counting these lafter opinions,  the final tally is in favor of 
the RAE system,  with 48 for RAE and 29 for Cumming-Lane. 

Pilots generally considered the briefings satisfactory.     Two 
pilots flew on the systems with no formal briefing other than the 
brochure. 

Adjustments in intensity were at the discretion of the  pilot, 
In daylight,  full intensity was required on all systems      A common 
complaint was that the amber in the Cumming-Lane system was not 
equal to the white in brightness.    After a change in lamp type, 
described later in this report,   this condition was corrected.     Background 
color and ambient brightness was a factor in both the RAE and Cumming- 
Lane systems' effectiveness.     The daytime acquisition range of both   . 
systems decreased noticeably when the ground was snow-covered.    With 
no snow,   each can be seen at the outer marker (4   3 nautical miles) 
with the sun shining.    Under sunlight and snow conditions,  the range is 
decreased to about 3. 5 nautical miles.    Under these conditions,  inter- 
pretation of the Cumming-Lane signal is somewhat easier as reported   * 
by pilots.     The white of the RAE lights is harder to see and the red 
seems to reduce in intensity.    At night,  when reduced intensities were 
required,  the white of the RAE system took on a slightly orange cast, 
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and some pilots stated they were not sure whether they were in the 
white sector of a particular bar or whether they were entering the 
transition zone of the pink.    Experience should eliminate this problem, 
but another solution proposed later in this report is to substitute a 
blue-white filter for the clear filter 

When asked to judge the quality of their own approaches, 
27 pilots said they made good approaches with the Gumming-Lane, 
while 32 judged their approaches as average      With the RAE system, 
the trend is reversed,   38 considering they made good approaches and 
25 stated their approaches were average.     Bad approaches were 
reported by 2 pilots on Cun\ming -Lane and by 3    on RAE.     Their 
comments indicated,  however,  that gusty winds,  tailwind,   or 
crosswind conditions were the cause factors 

Operators of large jet aircraft have expressed interest in 
visual glide path indicators.    Accordingly,  a special look was taken 
at the preferences of Boeing 707 pilots and KC-135 pilots.    Of 12 
pilots in the category,  the RAE system was preferred by 9 and the 
Cumming-Lane system by 3. 

* 

In addition to collecting pilot reactions,  objective data were 
collected to measure system performance.    Figures 14 through 18  . 
represent the mean glide slope flown by all pilots and all aircraft 
types recorded.    With, respect to the two systems retained for the 
complete period,  the recorded data does not reveal a significant 
difference in the aircraft trajectory (Figs.   17 and 18).    It should be 
noted that gross errors,  which will be discussed later,  were 
eliminated in the plotting of these data.    It is of interest fo note that 
the mean glide slope on both the RAE system and the Cumming-Lane 
system'is slightly high,  but fairly constant.     This might be explained 
by the unusual number of days during the evaluation period when winds 
were strong from the northwest.    Many pilots commented on the down- 
wind conditions,  with attendant difficulties in getting down to the glide 
path.    These difficulties are verified by the recorded data. 

The computer data sheets (Appendix V) show the points at 
which the lights were.visible,where guidance was received,   and where 
guidance was lost,  as reported by the pilots.    These points are 
designated "Mark 1," "Mark 2," and "Mark 3," respectively.     The 
only one of these points shown on the plots is Mark 3,  distance from 
touchdown at which guidance was lost.     The average distance at which 

12 



pilots reported losing guidance or. the dimming-Lane system was 2,495 
or 1,495 feet from the threshold.     The original computation from the 
machine showed that some erroneous values were included which affected 
the system performance summary,   as  shown on RAE distance Mark 3 
to touchdown.     The values were recomputed and the error was dis- 
regarded (error was Run 13 shown on sheet E-2,  page 24 of Appendix V). 
The recomputed average distance from touchdown at which guidance was 
lost is 727 feet. 

The recorded data do not show a significant difference in the 
distance Mark 1 to touchdown between the RAE and Cumming-Lane 
systems.    If circling approaches are not considered,   it is significant 
that the distances Mark 1 to touchdown are fairly consistent,   even 
though day and night runs are not separated. 

It is of interest to note the distance Mark 1 to Mark 2 (sheets 
D-2-  and E-2,   Appendix V).     This represents the distance flown on 
each run after the pilot reported lights in sight and before he reported 
that he was able to determine his position with respect to the glide slope. 
For the Cümming-Lane system,   out of 29 runs recorded,   only one 
pilot reported guidance as soon as he saw the system (run 6,   sheet D-2, 
Appendix V).     Out of 22 recorded runs (run 13 omitted) on the RAE 
system,  four pilots reported guidance immediately upon seeing the 
lights (runs 7,   19.   20,   and 23).     This would appear to verify the opinion 
expressed by a majority of pilots that the RAE system provides a 
quicker indication of position. 

Visual examination of the computer data sheets revealed some 
obviously inaccurate values for maximum vertical deviations.    As 
stated before,  these gross errors were disregarded during the plotting 
of.the mean glide slopes,  but they were included in the machine 
computation of system performance,   as shown on sheets D-6 and E-5 
of Appendix V.    A recomputation was .run which revealed the following 
results: 

Cumming-Lane System 

Mean deviation in the vertical plane (V-MN) 7 .390 
feet.    Standard deviation in the vertical plane (SD-V)   115.692 
feet.    Maximum deviation in the vertical plane (V-MAX) 
222.709 feet.     (Recomputation did not include bands 7,   10, 
17,  and 35. ) 
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RAE System 

Mean deviation in the vertical plane (V-MN) 13.080 
• feet.    Standard deviation in the vertical plane (SD-V) 65 . 015 

feet.    Maximum deviation in the vertical plane (V-MAX) 
157 .282 feet.     (Recomputation did not include band 2. ) 

It should also be noted that none of the computation included 
band 1 ,   as part of this band was actually beyond touchdown. 

Measurements taken of time required for a pilot who is 
experienced on both systems to locate the glide slope from a deliberately 
displaced position were inconclusive (Appendix III).    If any conclusion 
is to be drawn,   it is that with training and experience on both systems, 
a pilot can locate the glide slope with equal facility,  when he is making 
a conscious special effort to do so,  particularly at a medium distance • 
such as used in this test (3 nautical miles). 

Maintenance Considerations 
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Navy Mirror:     The mirror system for the most part is a 
rugged piece of equipment.    It is easily transported and can be set up 
quickly.     The very heart of the system,  however,   is the mirror itself, 
constructed of an optically perfect concave piece of glass.    Although 
no factual information resulted from this test as to it's ability to with- 
stand various weather phenomena,   there are serious doubts that for 
common use such a device would remain unscathed in a sandstorm, 
such as often occurs in certain sections of the United States.    Such 
storms have been observed to etch automobile safety glass and remove 
paint from vehicles.    Also for shore use,   a means would have to be 
developed to keep the glass dry.    Moisture on the mirror during one 
night's flight degraded the glide slope signal to the point where it was 
unusable. 

USAF Interim Mirror (Meatball):    No significant maintenance 
problems with the equipment were observed. 

Westinghouse Tri-Color:    No significant maintenance problems 
were evident with this device.    One lamp burned out early in the 
program,  but it had been used in earlier tests at the Technical 
Development Center and records are not available to show how much 
time it had operated. 

I 
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Cumming-Lane:     This system posed the most problems from a 
maintenance standpoint.    During the early weeks of the test period, 
several severe windstorms occurred.    Peak gusts of over 70 knots were 
encountered and winds of 35 - 40 knots were common.    Two poles were 
blown down during the period,  and more recently,  a vehicle towing a 
smoke generator,   in connection with another project,   ran into one of the 
guy ropes causing the pole to fall over.    On two of these occasions the 
pole had to be taken into the shop for repair thus detracting from the 
system for periods up to two days.     The poles were guyed with nylon,  to 
minimize interference with the ILS glide slope.    The elasticity of the 
nylon provided some protection against buffeting,  but the lamp holders 
would still get out of alignment.    This required use of a ladder truck to 

I tighten and adjust the lamp holders;  when the ground is soft,   this poses a 
problem in getting in to the poles.      One other problem which arose was 
warping of the poles.    Ä bent pole would cause the axis of the lamp to be 
aimed in a direction other than the optimum.    Lamp adjustment was 
simplified in such cases by use of a simple device incorporating a clino- 
meter level v/hich was adjustable to a desired angle of elevation and 
which was made so as to fit against the face of the lamp.    The lamp 
holder was adjusted to center the bubble in the clinometer,  and by use 
of a gunsight arrangement the lamp could be aimed laterally.    The adjust- 
ing device was fabricated by NAFEC,  and showed much promise as a 
simple way to check airport approach lights as well as the lights in the 
Cumming-Lane system. . 

RAE System:     The RAE system,  as a whole,   was almost completely 
trouble-free.    One lamp failed early in the test,   and was sent to the 
National Bureau of Standards for examination.    It is suspected that the 
lamp may have been damaged in shipment or in installation.    In the units 
made by Thorn Electrical Industries,   Ltd. ,  the British manufacturer, 
it has beeii noted that the red filtering material has split on a number of 
the filters and separated from the gla°s.     This has had np apparent 
effect on the signal,  but the Sylvania Electric Products Co.   (the company 
authorized to produce the units in the United States) proposes to in- 
corporate the red color in the glass itself,  to eliminate this problem.    A 
deficiency in the design of the lamp holder was evident in the large 
number of small bolts (12) required to hold the assembly together.    This 
minor deficiency was more than offset by the ease with which a complete 
lamp assembly could be "replaced in case of failure.    The sealed-beam 
lamp was secured in a prefocused position in the holder,  which is 
attached to the optical bench framework by  4 Dzus   fasteners   shaped like 
wing nuts.     Positioning luge on   the frame fit into holes on the lamp 
assembly so that it can be installed in only the correct position. 

i ) 



A defective lamp can be removed and replaced in about one minute.     The 
faulty assembly can then be removed to the shop-,   the sealed beam unit 
replaced and focused,  and reassembled for future use.     The buffeting 
effect of the winds during the test period,   -.oupled with some shifting of 
the concrete bases,   under the units,   caused some of the units to get out 
of adjustment.     This situation is quickly and easily corrected by using 
a bubble sextant to sight on the edge of the white beam and measuring 
its angle of elevation.     A sample series of sextant sightings is included 
in Appendix IV.      After the sightings have determined the degree of cor 
rection required,   the adjusting screw is turned in the proper direction, 
using the click stop feature to measure the correction applied.     This is 
an ingenious feature which provides a noticeable "click"   as the screw is 
turned through each minute of arc.     Each revolution will cover five 
minutes of arc.     Tbis feature may also be used in the initial adjustment 
of the units,   after first leveling the optical benches with an ordinary 
spirit level. 

Other Considerations 

Aside from operational and maintenance features,   other factors 
have been considered in this evaluation. • 

1.     Cost: I 
Hardware costs for each system are approximately as 

follows (excluding current regulating equipment,   selector switches,   and 
brightness controls): 

a. Navy Mirror :    Without the diesel generator,   the 
mirror system costs approximately $7, 500. 00. 

b. USAF Interim Mirror System:      This equipment was 
fabricated locally using equipment on hand,   for the most part.     Material 
(including lamps,  holders,   transformers,   and so forth) and labor would 
cost approximately $750. 00. 

c. Westinghpuse Tri- Color:       Unit (less lamp and ba3e) 
lists in the manufacturers' catalog at $930. 00 each.     Net price to the 
government is less,   however. •  Total cost for complete system is approx- 
imately $1, 000. 00. 

* 

d. Cumming-Lane:    Approximate cost,   including labor 
and materials,   for poles,   lamps,   holders,  transformers,   and so forth, 
is $1, 041. 00. 
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e. RAE System:      Cost of a complete system,   consisting 
of 12 units,   complete with lamps (lamps manufactured in U. S.   by 
Sylvania) is $5, 700. 00.     Since operating experience with the Sylvania 
lamps was lacking,   NAFEC purchased 36 replacement lamps with holders, 
costing $1, 638. 00,   to provide  100 per cent backup.    Operating experience 
has shown that this degree of backup is unnecessary.    The Sylvania 
Electric     Products Co.  has estimated that if quantity production methods 
were employed,  the cost could be reduced by at least 25 per cent. 

f. Installation expenses are dependent upon many factors, 
such as local labor costs,   terrain,   type of soil,   distance between the 
system and control point,   and availability of existing runway ducts, 
selector equipment and current regulating equipment.     Estimated instal- 
lation costs for the NAFEC tests,   if only one system had been included 
in the contract,  are approximately as follows:    Navy Mirror,   $2, 500; 
USAF Interim Mirror,   $3,000; Westinghouse Tri-Color,   $2,500 (this 
could be reduced to approximately $1, 000 by connecting the units to the 
runway edge lighting circuit.    A control unit in the tower for turning the 
indicators off when the edge lights are on would add about $500 to the 
cost.     Intensity control is not required,   as it must run on maximum 
intensityto be useful); Cumming-Lane,   $5,000; and RAE,   $5,000.   These 
estimates are all based on a distance of approximately  1, 000 feet between 
the power source (and control point) and the touchdown area. 

2.    Obstruction Potential: 

Obstruction potential of each system was included in the 
questionnaire.    In addition to pilot preferences,   it should be noted that 
the USAF Interim system and the Navy Mirror system were installed 
closer to the runway and were constructed of more substantial materials 
than any of the others.     The RAE units were installed at NAFEC so that 
the tops of the units were below the elevation of the runway centerline. 
If the adjacent grade does not permit this,   it should be noted that the 
maximum height of th« unit,   from base frame to top of the face plate is 
only 14 inches.    The design of the optical bench and cover is such that 
the whole assembly would flatten instantly if struck by a vehicle or 
aircraft.    The Cumming-Lane poles are located in such a position that 
the chance of being struck is remote.     In Australia,   there have been no 
accidents over a two-year period in which an aircraft could have collided 
with the poles.     The Westinghouse Tri-Color units pbse no particular 
problem because of their low height (16 3/4 inches). 
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3. Electronic Interference: 

Electronic interference was carefully investigated to 
determine whether any system would affect the ILS glide slope.    FAA 
flight inspection aircraft ran a complete ILS flight check with the com- 
ponents of the various systems in place and dismantled.    Results showed 
that no single system nor the combination of systems caused electronic 
interference. 

4. Brightness: 

Brightness control was available on all systems,  and 
changes were made when requested to accommodate pilot preferences. 
Background color of the local terrain in daylight was mentioned frequently' 
by pilots flying the Cumming- Lane system as making the amber color 
difficult to distinguish.    At night,   some pilots stated that there was in- 
sufficient contrast between amber and white at higher intensity setting. 
Accordingly,  three weeks before the end of flight testing, the original 
PAR 56,   300-watt lamps on the poles were replaced by PAR 56,   250-watt 
12. 5 volt airport approach lamps.    The intensity of this lamp is 75, 000 
candles before filtering with amber glass,  as compared with 28, 000 
candles for the original lamps.    Effective intensity of the new lamps, when 
filtered by the amber glass is 35, 000 candles.    This change was observed 
to brighten the amber lamps and to give them a more nearly equal in- 
tensity to the white lights.    In the case of the Westinghouse Tri-Color, 
maximum intensity was required at all times,  and in daylight,  the units 
could be seen only when approaching the threshold.    Many  pilots never 
did see the lights in daylight,   and only one run was able, to be recorded 
on the system in daylight.    The brightness control,  when using the RAE 
system,  was always at maximum intensity in daylight but could be reduced 
at night.     Reduction of the current had the effect of reducing the white 
color slightly toward orange.    At longer ranges (3 - 5 miles),  this effect 
injected an element of doubt into some pilots' minds as to whether they 
were beginning to move into the pink transition zone.    Additional experi- 
ence on the device can overcome this problem,   but it might also be 
advisable to place a blue-white filter in front of the. lower part of the lamp, 
rather than a clear filter.    This would cause the white beam to appear 
whiter when the lamp is operating at a reduced intensity setting. 

5.    Fail-Safe Features: 

Fail-safe capabilities of the systems vary.    The tri-color 
units are flashed by means of a motor driven cam-operated shutter.    On 
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one occasion,   power failed in the motor circuit and the motor stopped. 
No light was emitted,   even though the lamp was energized.     This was 
apparently due to the shutter stopping in such a position as to block the 
beam.    Since they are used in pairs,  there is still a unit operable in 
case of failure of one.     The Mirror system can provide guidance in case 
of individual lamp failures,    and no problems of failing unsafe occurred. 
The (Humming-Lane system was successfully flown on only one—half  a 
complete system,   with all components on the left hand side of the runway 
out of commission.     During times when individual amber lamps were 
either down or badly out of adjustment,  guidance was available.    Comments 
„relative to the Mirror system also apply to the USAF Interim system. 
The RAE system might be   said to be the least vulnerable to failure which 
could cause an unsafe condition. * Since the complete array contains 36 
lamps    (three in-each unit),   failure of a single lamp is hardly perceptible. 
A failure of a unit,   a complete half bar,   or all units on one side of a run- 
way will not decommission the system,   because the color relationship 
between the remaining units will still provide glide slope information, 
since alignment is not a feature of the system.     Finally,   the most severe 
type of breakdown might be considered the complete failure of all units 
in either the upwind or downwind bars on both sides of the runway.     In 
this event,   a pilot could still avoid undershooting by remaining above the 
red signal of the operative lamps.     In this test,   it v/as found possible to 
fly the pink sector of a'bar of light,     Thus,   a safe approach could be 
flown using this technique. 
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CONCLUSIONS 

Based on the results of this evaluation,   it is concluded that. 

Presentation of glide slope information by visual means is 
entirely feasible. 

Both the Australian Cumming-Lane system and the British RAE 
system are capable of presenting such information at distances up to 
5 miles in daylight and at greater distances at night, 

There is no significant difference between the two systems with 
respect to aase of maintaining the proper glide slope by the pilot. 

The RAE system is preferred by the majority of pilots who 
participated in the evaluation. 

Objective data show that position recognition by pilots is quicker 
on the RAE system than on the Cumming-Lane system. 

Objective data verify pilot opinion that the RAE system gives 
guidance closer to touchdown. 

The initial cost of the complete RAE system is higher than for 
the Cumming-Lane system»  but maintenance is less of a problem than 
with the Cumming-Lane system.    Further,  airport operators who wish 
to do so can reduce the cost of the RAE system bv using less than the 
full complement of 12 RAE units and still provide visual glide path 
guidance to aircraft. 

RECOMMENDATIONS 

Based on the results of this evaluation,   it is recommended that. 

The RAE Visual Glide Path Indicatorf   consisting of 12 RAE units, 
be adopted as the United States national standard, 
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B.    AMBER SOURCE LIGHTS 

FIG.   2    NAVY MIRROR SYSTEM 
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FIG.   4   WESTINGHOUSE TRI-COLOR UNIT 
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APPENDIX  I 

Electrical Data for Visual Glide Path Indicators 

The electrical system common to four of the visual glide path 
systems is described below.    Individual system details are included in 
paragraphs below. 

Primary electrical service of 2400 volts,   single phase,  was 
1 connected to a 20-kw,   20-amp brightness control regulator which was 

connected to a four-system selector cabinet.    A control panel in the 
lighthouse selected the system and light intensity step that was desired. 

I Only one system could be operated at a'time.     Power was turned on by 
operation of a circuit breaker which controlled a remotely located oil 
switch.    The system was protected with oil fused cutouts. 

Double  Bar:     This system consisted of ten 300-watt 
•PAR 56 and six 250-watt PAR 56 lamps.     Each lamp was con- 

. nected to a 300-watt, 20-amp/20-amp series isolation transformer. 
The 16 IL transformers were connected to the system selector 
cabinet with 1/c,  #8,   5-kv direct burial cable. 

Red-White:     This system consisted of thirty-six 200-watt 
PAR 64 lamps.    Each lamp was connected to a 200-watt,   20-amp/ 
20-amp series isolation transformer.    The 36 IL transformers 
were connected to the system selector cabinet with 1/c,  #8, 
5-kv direct burial cable. 

Tri-Color:     This system consisted of two 240-watt medium 
prefocus lamps,  each one connected to a 300-watt,   20-amp/20-amp 
series isolation transformer.    The IL transformers were con- 
nected to the system selector cabinet with 1/c,   #8,   5-kv direct 
burial cable. 

An alternative to a separate circuit for the Tri-Color 
system would be to use a series regulating transformer connected 
to the runway edge lights.    This method could provide maximum 
intensity regardless of the runway light intensity.    Changes to the 
flasher motor circuit would be required.     This procedure would 
result in a reduction in installation cost. 

U.S.A.F.   Interim System:     This system consisted of 
eighteen 7.00-watt PAR 56 lamps.    Each lamp was connected to 

APPENDIX I 
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APP^VDIX I    (Continued) 
* 

a 200-watt,  6. 6-amp/20-amp aerie« isolation transformer.    The 
18 IL transformers were connected to the system selector 
cabinet with 1/c,  #8,   5-kv direct burial cable. 

Mirror: This system consisted of twein./ 200-watt PAR 56 lamps. 
Electrical service and operation was locally controlled by use of a 
portable diesel electric plant. 

I 
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SAMPLE QUESTIONNAIRE SHOWING TABULATED RESPONSES 

TO BE COMPLETED DURING PRE-FLIGHT BRIEFING 

EVALUATION OF VISUAL GLIDE PATH INDICATORS 

Pilot Background 

Name 

AddresB 

Employer 

Type of Flying you do 

 Air Carrier 

 Commercial Operator 

Executive or Business Flying 

Private 

Age 

Phone 

Occupation 

Flight Test 

Flight Instruction 

Government (non-military) 

Military 

Total flying time Instrument time 

Aircraft in which you have most experience 

Aircraft flown in NAFEC test 

APPENDDC   II 
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EVALUATION OF VISUAL GLIDE PATH INDICATORS 

POST FLIGHT QUESTIONNAIRE 

1.    Do you consider that some type of visual approach aid is necessary, 
desirable,   or unnecessary under the following conditions? 

a. Day,   good visibility 
b. Night,   good visibility,   well-lit foreground 
c. Night,   good visibility,   unlit foreground 
d. Night,   restricted visibility (but above minimum) with unlit foreground 
e. Day,   reduced visibility (haze,   smog,   etc.) 

CONDITION RATINGS 

Necessary Desirable Unnecessary 

a. Day,   clear, 
T 

2 24 34 
b. Night,   clear,   well-lit 3 47 11 
c. Night,   clear,   unlit 41 18 1 

d. Night,   reduced visibility 47 10 2 

e. Day,   reduced visibility 25 30   6 

2.    If you think that some type of visual approach aid is necessary or 
desirable,   which airports should be given priority in installation of 
the aids ? 

a. Airports with unfavorable terrain around them. 
b. Isolated airports with no surrounding lights. 
c. Main city terminal airports. 
d. Other,   Marginal Runway length,   etc. 

Please check appropriate box 

CATEGORY 
ORDER OF PREFERENCE 

1 -> 6 3 4 

a. Terrain limitation 47 8 3 3 

b. Isolated 10 20 19 12 

c. City terminal 5 13 13 27 
d. Other,   Marginal Runway 

Length,   etc. 4 
- 

24         I         20 
 1  

14 
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If you think that some type of visual approach aid is necessary or 
desirable,   do you consider that any of the systems you flew at NAFEC 
wholly or partly fulfills the requirement? , 

Please check a box 

I 
I 

AID 
* 

RATING 

Wholly Partly Not at All 

a. Double Bar 15 41 0 
b. Tri-Color 1 3 15 
c. Red-White. .. 30 28 1      . 
d. Mirror 0 7 12 
e. Amber 0 7 14 

4.    Can you suggest any type of visual aid which you consider to be 
superior to any of the above systems?    If so,   describe. 

The following questions concern your views in making comparisons among 
the systems.    Check box on chart on page      4 

5. On a circling approach,   with a final approach shorter than a normal 
ILS pattern,  altitude is reduced on base leg so as to be on glide path after 
turning on final.    Did you find that one aid was more helpful than any 
other,   that two or more were equally helpful,   or that none of the aids 
gave any guidance until lined up on iinal? 

6. Did any system give more assistance than the others in lining up on 
the runway center line and maintaining alignment,   were two or more 
equally helpful,   or were all ineffective in providing lateral guidance ? 

7. At long range (over 3 miles) do you consider sensitivity of any aid 
to be preferable,   are two or more equally good,   or are none 
satisfactory ? 

8. At short range (less than 1 mile) do you consider sensitivity of any 
aid to be preferable,   arc two or more equally good,   or are none 
satisfactory? 

9. It is desirable during an approach to know your rate of divergence 
from,   and approach to,   the proper glide path.    Did you f^nd that one 
system was superior in providing this  rate information,   that two or 
more were equally effective,   or that none was effective? 

Appendix  II 
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10. At some point q,n the glide path,   you were ready to transfer your 
attention from the visual approach aid to concentrate on a flare-out 
and .landing.    In regard to continuity "of guidance to thin point,   was 
one system better,   two or more equally helpful,   or were none satisfactory 7 

11. During the flare-out and landing phaue,   did one 3ystem provide*more 
aid,   were two or more equally effective,   or were none of any assistance? 

12. It is possible that an approach aid might divert your attention or 
disturb your judgment during landing.    Do you consider one aid to be 
preferable in this respect,   two or more to be equally satisfactory, 
or none to be satisfactory. 

13. There is a possibility of confusion with other lights on or around 
an airport.    In this respect,   do you consider one aid to be preferable 
to the others,   two or more to be equally distinctive,   or none to be 
satisfactory ? 

14. Each system involvös in some way the use of colored lights      Do you 
favor the choice of colors in one system over the others,   approve 
equally of all,   or consider none to be satisfactory? 

15. It is generally accepted that an instinctive response to a change in 
signal from any flight aid is better than a response delayed by mental 
interpretation.    Do you think that one aid can more easily be flown 
instinctively,   that two or more are equal in this respect,   or that none 
could be flown instinctively? 

16. In cases where the aircraft breaks from cloud in near-minimum 
conditions,   the  rapidity with which flight path correction's can be made 
depends upon the speed of interpretation of the approach aid indicationb. 
Do you think that one aid would be superior under these conditions, 
that two or more would be equally good,   or that none would be 
satisfactory? 

17. THIS QUESTION TO BE ANSWERED ONLY BY PILOTS WHO HAVE 
EXPERIENCED POOR VISIBILITY CONDITIONS ON THE APPROACH. 

Consider the guidance received and freedom from distortion in haze or 
precipitation. Is one aid better than the others under these conditions, 
are two or more equally oatisfactory,   or are none satisfactory? 

Appendix II 
Page 4 of 7 



18. Components of many airport aids constitute some degree of 
obstruction in the event of an aircraft running off the runway,  but 
it is desirable that the obstruction potential should not be such as 
to cause concern to the pilot.     Do you consider one aid to be prefer 
able in this respect,  two or more to be equally satisfactory,  or 
none to be satisfactory? 

19. If you feel that for a particular aspect you are equally satisfied 
with two or more systems,   please make a check mark in the 
column for the aids concerned. 

! 

i 
ASPECTS 

Question Number) 

SATISFACTION EXPRESSED WITH: 

« Double 
Bar 

Tri- 
color 

A 

Red - 
White Mirror 

A 
Amber 

A 
None 

A B A B A B 

5 Help on Base Leg 10 17 2 10 14 1 1 2 10 
6 Alignment in azimuth 6 18 1 8 5 0 0 7 13 
7 Sensitivity,   long range 9 25 0 16 24 0 2 0 2 
8 Sensitivity,   short range 4 23 2 14 35 7 3 0 0 
9 Rate information 9 26 1 13 27 5 0 1 2 

10 Continuity of guidance 4 18 2 14 32 6 2 2 1 
11 Flare,   landing 0 5 1 7 10 6 2 9 25 
12 Effect on judgment 4 16 0 13 20 3 1 1 9 
13 Confusion with other lights 7 19 3 13 18 4 5 1 8 
14 Color of lights 3 9 2 12 29 4 5 1 4 
15 Instinctive response 6 24 1 14 20 2 1 0 4 
16 Rapidity of correction 6 23 1 14 22 2 1 1 3 
17 Distortion (haze, 

precipitation)* 1 2 C 3 0 3 1 1 0 
18 Obstruction Potential 2 15 4 10 27 1 1 1 3 

20.       Do you consider that any system has any inherent dangers ?    If so, 
please describe? 

'rAnswered only by pilots who experienced such weather phenomena. 

NOTE (Not a part of questionnaire):    In the tabulation above,   column "A" 
represents  responses from 19 pilots who flew all five systems.     Column 
"B" represents  responses from an additional 43 pilots who flew only RAE 
and Cumming-Lane systems.    Majority of 707 /KC-1 35'pilots are included 
in the latter group. 
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21.    Do you find that,   using these approach aidB,   you require less 
reference to normal aircraft instruments during an approach,   the 
same amount of reference,   or more reference?    Check a box. 

AID 
AMOUNT OF REFERENCE 

Le s s Same More 

a.    Double Bar 25 27 5      
b.    Tri-Color 3 8 2 
c.    Red-White 26 32 3 
d.    Mirror 4 8 3 
e.    Amber 3 8 3 

22.    In the final stages of the approach (last half mile) did you feel that 
these aids were bringing you in too high,   about right,   or too low? 
Check a box. 

AID 
INSTINCTIVE FEELING 

Too High About Right Too Low 

a. Double Bar 9 39 4 
b. Tri-Color 0 4 2 
c. Red-White 6 49 1 
d. Mirror 1 7 3 
e. Amber 3            1            6 3 

23.   The systems are all adjusted to provide a glide slope of approximately 
2.5   .    Considering the type airplane you flew,   is this angle: 

Too Flat 9 
About Right      45 
Too Steep 1 

24.    The systems are all installed to provide a glide angle intersection 
with the runway 1, 000 feet from threshold.    Considering the type 
of aircraft you flew,   is this location 

Too Far" 23 
About Right      39 
Too Close to Threshold 

Appendix II 
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NOTE:    With regard to questions 23 and 24,  the reader should bear 
in mind that glide angle and point of touchdown can be varied for 
different conditions of terrain,  obstructions,  and runway lengths. 
In the case of Atlantic City,   2. 5° and 1, 000 feet were selected. 

25.       Taking all factors into consideration,  which of the five systems of 
visual approach guidance do you prefer? 
Red-White    36 Double-Bar   22 

The   following questions concern the test procedure. 

26.      Were the briefings on the visual approach aids satisfactory ?    If 
not,  what changes or additions would you suggest? 

2 7.       Do you feel that any of the aids could have been improved by 
adjustment of the brightness of any of the lights? 

28.       Compared with your own standard of approach and landing,  do you 
consider your approaches on each aid to be good,   average,  or bad? 

If below average, would you care to state what you attribute 
this to?    Use the space provided under "General Comments" below. 

AID 
QUALITY OF APPROACH 

Good Average Bad 

a. Double Bar 27 32 2 
b. Tri-Color 1 3 5 
c. Red-White 38 25 3 
d. Mirror 3 10 3 
e. Amber 0 8 7 

General Comments  - This space is provided for you to make any further 
comments on any phase of the test not covered previously,   or to expand 
on any of your answers above. 
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APPENDIX III 

Measurement of Time Required to Locate Glide Path 
' ■■        ■ -   ■   w     ™      ■ i. i      ■       —— — . . i     ii .— . ■ 

Consonant with the work details,  as outlined in Task Assignment   ' 
No.   D-2-8045,  the following data regarding the ease of locating the glide 
slope and a measure of the time required to reach proper alignment,   is 
provided herein. 

The highly qualified subject pilots participating in this phase, 
aside from previous experience with the visual glide path systems, 
possessed dissimilar backgrounds.    The aircraft employed were likewise 
chosen to afford wide sampling in addition to their previous use during 
the evaluation. 

Procedure 

The evaluation was conducted by placing the subject pilot at 
varying altitudes above or below the desired path at a fixed distance 
(3 nautical miles) and at a designated mark the pilot adjusted his position 
in space to coincide with the optimum on-course path. 

FLIGHT DATA RESULTS,   PILOT A 

Flying an Aero Commander,  distance 3 miles: 

Approach System Altitude Time 

i Red/White 1, 000 8 seconds 
-> Double Bar 1, 000 7 seconds 
3 Red/White 600 20 seconds 
4 Double Bar 600 18 seconds 
5 Red/White 1,000 10 seconds 
6 Double Bar 1, 000 8 seconds 
7 Red/White 600 18 seconds 
8 Double Bar 600 20 seconds 
9 Red/White 1,000 6 seconds 

10 Double Bar 1, 000  . 4 seconds 
11 Red/White 600 17 seconds 
12 Double Bar 600 18 seconds 

Flight conditions were VFR with a calm wind. 
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APPENDIX    III 

FLIGHT DATA RESULTS,  PfLOT B 

Flying a C-131 (Convair 340),  distance 3 miles: 

Approach Sy stem Altitude Time 

13 Redy White '   1,300 15 seconds 
14 Double Bar 1,300 14 seconds 
15 Red/White 700 12 seconds 
16 Double Bar 700 15 seconds 
17 Red/White 1,3.00 IT      , J _ 

IC     BCLU11UO 

18 Double Bar 1, 300 15 seconds 
19 Red/ White •     700 17 seconds 
20 Double Bar 700 17 seconds 
21 Red/White 1,300 16 seconds 
22 Double Bar 1,300 12 seconds 
23 Red/ White 700 14 seconds 
24 Double Bar 700 15 seconds 

Flight'conditions were VFR with a calm wind. 
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I 

APPENDIX IV 

•* 
Results of Checking RAE System with a Sextant 

After a series of strong windstorms and some settling of the 
concrete bases of the RAE units,  the entire system was rechecked for 
adjustment using a standard USAF navigator bubble sextant,   Model 
AN 5854-1.     These sightings were made by Maj.   D.   F.   Edwards,  NAFEC, 
an Air Force Navigator,   in the company of the task manager and 
Mr.   J.   C.   Morrall of the RAE.     The entire series of sightings on all 
12 units required only about 30 minutes to perform.    As shown in the 
following results,  some maladjustments developed,  but were easily and 
quickly determined and corrected.     The desired angles were:   upwind 
bars,  2° 48 minutes; downwind bars,   2° 12 minutes.    It should be noted 
here that the system remained completely usable even with the settings 
below. 

LxJ m a 
2° 46' 2° 48' 2° 54' 
2° 44' 2° 49' 2° 56' 
2° 47' 2° 49' 2° 52' 
2° 46' 2° 49" 2° 52' 
2° 45' 2° 52' 2° 55" 
2° 48» 2° 52' 2° 55' 
2° 45» 2° 50' 2° 55' 
2° 47' 2° 50' 

Average Average Average 
2° 46' 2° 50' 2° 54' 

m a a 
2° 07' ' 2° 14' 2° 18' 
2° 06' 2° 10' 2° 19' 
2° 08' 2° i6' 

2° 14' 
2° 19* 

2° 06' 2° 21' 
2° 06' 2° 12' 2° 21' 
2° 07' 2° 14' 2° 20' 
2° 07» 2° 15' 2° 20" 
Average Average Average 
2° 07' 2° 14' 2° 20' 

1 3 

L xj X H 
3° 01" 2° 52' 2° 50' 
3° 01« 2° 54' 2° 45' 
3° 00' 2° 53" 2° 46' 
3° oa* 2° 51» 2° 48' 
3° 02' 2°-50' 

Average Average Average 
2° 53' 3° 01 2° 48' 

m     s s 
2° 17* 2° 09' 2° 08' 
2° 22' 2° 10' 2° 09' 
2° 22' 2° 07" 2° 10' 
2° 19" 2° 12« 2° 07' 
2° 20' 2° 10' 2° 09" 
2° 20' 2° 12' 

2° 10' 
Average 

2° 07' 

Average Avera 
2° 20' 2° 10' 2° 08' 

The click stops incorporated in the adjusting screw (1 minute 
of arc per click) made it very easy to get all the units adjusted to the 
proper angle.     Flight checking confirmed that the units all were properly 
adjusted. 
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APPENDIX V 

These computer data sheets are from which points used,in plotting 
Figs.   14 through 18 were taken      In addition to the mean glide paths shown 
on the plots,   these sheets contain data which report the distance,   from 
touchdown,   at which the lights could be seen,   the distance at which guid- 
ance was obtained,  and the distance at which guidance was lost. 

In this appendix,   the group of sheets for each system is considered 
as a series.    Each system is identified by a letter,  and each sheet within 
a series is numbered.    Thus,  the first computer data sheet for the Navy 
Mirror System is identified as Sheet A-l.    Other letter designators are: 

USAF Interim - B 
Westinghouse Tri-Color - C 
Gumming-Lane - D 
RAE - E 

Points referred to above are shown on the sheets (starting on 
sheet No.   2 of each series) as Mark 1,   Mark 2,  and Mark 3,   respectively. 
Distances shown for each system on sheet No.   2 of each series are Mark 1 
to touchdown,   Mark 2 to touchdown,   Mark 3 to touchdown,   Mark 1 to 
Mark 2,   Mark 2 to Mark 3,   and Mark 1 to Mark 3. 

The bands referred to are 600-foot strips beginning with the 
section over touchdown as band 1,  and increasing in 600-foot increments 
to 5 miles from touchdown.    Everything recorded in band 46 is beyond 
5 miles.    All distances and deviations are expressed in feet.    ■ 

Deviations in the lateral plane,  although recorded,  have not been 
considered in this test,  because pilots were briefed that the systems were 
designed principally to provide guidance in the vertical plane. 

In the symbol key,  on sheet No 1 of each series,  the bands should 
be defined as approach path sections,   rather than runway sections,   since 
all bands except No.l and part of No.   2 lie outside the actual runway 
limits. 
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