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THE SLOPE LINE APPROACH LIGHT SYSTEM

SUMMARY

This report describes a three-dimen-
sional pattern of lights developed as an ap-
proachlight system for landing aircraft under
conditions af restricted visibility 1In this
design the lights are linear 1n form, and are
mountedin two geometric planes which inter-
sect at right angles along the line of the ap-
proach path This system of approach lights
provides a pilot with a unique and distinctive
pattern which can be 1dentified readily as an
approach light system and which indicates
visually h1s attitude and position relative to
the proper approach path

With the aid of these indications a pilot
15 enabled to make a visual contact landing
under visibility conditions materially more
restricted than has hitherto been possible

The slope line approach light system
has been adopted as standard for the United
States by the Air Force-Navy-Civil Subcom-~
mittee for Visual Aids to Air Navigation, and
confirmed by the Aircraft Committee of the
Munitions Board

INTRODUCTION

Approach lhights were developed origi-
nally to assista pilotto line up with a runway
in weather that was clear or nearly clear
Their effectiveness was judged by the appear-
ance of the lights as seen from a distance of
several miles Lack of facilities for instru-
ment flying restricted aviation operations to
periods when visibility was reasonably good,
and emphasis 1n the design of approach light-
1mg was placed on conspicuity and distinguisha-
bality

Radionavigation aids now have been de~
veloped to a point where instrument flying
has become routine and such aids can guide
an aircraft on the landing path safely, toa
point near the ground It is a function of the
approach lights to supplement the radio aids
by providing visual guides for the final stages
of approach (the last 200 feet of letdown) and
the actual contact with the runway The em-
phasis 1s now onapproachlights to give accu-
rate visual information to the pilot who 1s
making a letdown 1n thick weather

Much work has been done on this prob-
lem 1n the past Breckenridge and Douglas
have reported on experimental work done at
the Civil Aeronautics Administration Tech-
nical Development and Evaluation Center at
Indianapolis, Ind , and at Nantucket, Mass 1
and Kevern has reported on work done at
Newark, N J and at Wright Field, Dayton,
Ohio?  The Navy, Bureau of Aeronautics,
has conducted extensive experimental work
onapproach lights at Patuxent, Md , and has
reported the results® Cutrell, of American
Airlines, has done a considerable amount of
bad-weather flying with the Air Transport
Command and later as a civilian?  The late
A J Sweet made an intensive study of the
problem, and the results of his work are 1n-
cluded 1n thi1s report The Air Transport
Association has been very interested in ap-
proach light development, and has financed a
major portion of the installation of two ex-
perimental patterns of approach lights at
Newark, N J

The study of approach lighting has pro-
duced more widely varying suggestions than
any other phase ofaviationlighting The axial
single line system and the muliirow system,
consisting of eight parallel rows, represent
extremes towhichdesigners have been forced
by the logic of the elements to which they at-
tribute most tmportance Relatively low

Ip ¢ Breckenridgeand C A Douglas,
"Development of Approach - and Contact -
Light Systems,' Illuminating Engineering,
Vol XL No 9, November 1945

2G M Kevern, "Approach and Runway
Lighting for Adverse Weather Conditions, '
Army Air Forces, Air Technical Command
Report TSEFE 656-1566, February 1944

3A Soucek, "Testof High-Intensity Ap-
proachand Threshold Lighting, ' U 5§ Naval
Air Center, TED No PTR SE 209, September
B, 1948, and TED-PTR TestNo 4333, 4333 1|
2 and 3

ipA E Cutrell, "All-Weather Flying
Facilities, ' A paper presented at the SAE
Annual Meeting, Book Cadillac Hotel, Det1 o1t,
Mich , January 7-11, 1946



brightness neon tubing and condenser dis~
charge light sources producing flashes of
many million candlepower represent extremes
of equipment currently suggested

Many different patterns and systems of
approach lighting have been proposed and
studied These include, imn addition to the
slope line systermn, the following patterns

1 Awal single row, with fixed lights
2 Axial single row with flashing lights
3  Axial single row, with fixed and flashing
laghts
4 Single row on the left parallel to axis,
and with fixed lights
5 Single rowon the left parallel to axis,
and with fixed and flashinp lights
6 Tworows, paralleltoand symmetrical
with the axis
7 Multirow pattern, lines parallel to and
symmetrical with the axis
8 Four row path-of-flight system
9 Tworowpath-of-flight system with both
rows on left
10 Two row funnel system
11  Funnel system withaxial line and croess
FOWS

Systems 1, 2, 3, 4, and 5are si1ngle
dimensioned, and 6, 7, B, 9, 10, and 11 are
two dimensional All of them consist basically
of patterns of lights 1n a level plane, that of
the threshold of the runway These palterns
introduce difficult problems i the terrain does
not fit this level plane If the ground falls off,
the lights must be elevated to bring them up
to the plane If the ground rises, the Lights
must be mounted inaseries of parallel
planes, letting down suc cessively to the plane
of the runway

Most of these systems have been installed
and flight tested Serious difficulties were
experilenced 1n attempting to appraise the
resulis ofthese tests, which were made under
various conditions, at different locations, by
different pilots and under various procedures
In mostcases no accurate record of meteor-
olopical conditions was available, and few

records of flight paths were made It was

5 s Calvert, ''Visual Ai1ds for Low
Visibility Conditions ' Journal of the Royal
Aeronautical Society, July 1948

found to be impossible to achieve any degree
of co-ordination of the results of such testing

The greatestimpetus to progress 1n the
solutionto the problem was the establishment
of a joint project by the Departments of the
Air Force, and the Navy, and the Civil Aero-
nautics Administration for the installation and
flight testing of low visibility landing aids at
the Landing Aids Experiment Station, Arcata,
Calif There, at an alrport whose weather
history shows more consistent and frequent
fog than any other available area, a complete
system of radioand radar aids, fog dispersal
equipment and various systems of visual aids
were installed, and are being flight tested for
objective data whenever fog occurs The pro-
jJect is under the technical supervision of a
steering committer composed of members fram
the Departments of the Air Force, and Navy,
Civil Aeronautics Administration, Civil Aero=-
nautics Board, Air Line Pilots Association,
and Air Transport Association Careful at-
tention 15 pai1d to obtaiming factual data, as
complete as possible, and to the recording and
reporting of such data  More than 500 fog
approaches had beenmade up to the end of 1947
and 800 additional fog approaches were made 1n
1948, and data have been tabulated and made
avallable to the commitiee for study and to
form the basis of recommendations

APPROACH LIGHT
SYSTEM REQUIREMENTS

In considering the development of an
approach light system, it 15 necessary first,
to establish the conditions under which 1t wall
be used, and the aid which the system should
give the pilot To a pilot making a circling
contact approach the function required of
approach lights 1s verydifferent from that
required by a pilol making an instrument
letdown This does not meanthat one system
of appreachlighting cannot fulf1ll both functioms
but that the function must necessarily be
adapted to the type of operation with which 1t
1s employed The systern of approach lights
describedinthis reportis designed essentially
to give visual aid toa pilot making an instru-

6Land1ng Aids Experiment Station, ' Avr=
field Lighting "' Final Reports for 1946, 1947,
and 1948



ment letdown 1n fog See Appendix I. Iis
applhication to other approach problems will
be discussed also

It should be borne in mind that an ap-
proach light system 1s only a part of the co-
ordinated landing aids In order to use these
lights effectively adequate radio guidance,
adequate threshold lighting, and adequate high-
intensity runway lighting als o must be pro-
vided The radio aids are required to bring
the pilot within sight of the approach lights, on
approximately the correct course, and to a
point within 200 feet of the ground 3See
Appendix V  The approach lights, by means
of visual references, guide him correctly on
the proper path down to where the threshold
lights mark the beginning of the runway, and
the high-intensity runway lights give him
guidance and height reference for the final
touchdown

Region of Guidance

The Steering Commuttee for the Landing
Aids Experiment Station, (Air Force-Navy-
Civil Subcommttee on Visual Aids to Air
Navigation) appointed an Approach Light
Evaluation Committee, which formulated
Operational Requirements for Approach Light
Systems
Appendix VII, andare based ontest flying done
up to the end of the fog season of 1947 The
region of guidance is defined 1in the Operational
Reguirements for ApproachLight Systems as
the region from which the approach lights must
be effective This region, as defined, 1s pre-
dicated on visibilities not less than onequarter
mile (402m)bydaytime, and 1t1s necessary to
reconstider 1ts application to a range of visi-
bilities extending down to the ultimate through
which 1t 1s practical to make lights effective

The region of guidance can be considered
from several different standpoints One of
these 1s the maneuvering limitations of the
aircraft, and a second 1s the liumts in diver-
gence of aircraft from the correct approach
path, experienced when operating by instru-
ment guidance

These requirements are given in

In considering the region of guidance 1n
connectionwith the maneuvering ability of the
aircraft, 1t 1s obvious that the limits of the
region need not be setany farther from the ap-
proach path, laterally or vertically, than the
maximum distance within which an aircraft
can safely be maneuvered for a landing in the
distance available Any lights which may be

visible from outside this area can serve only
as 1ndications of missed approaches

In considering the lateral displacement
from which an airplane can maneuver to the
approachpath withinthe space from the outer
end of the approach Ihights to the threshold of
the runway, and make a successful landing, a
study was made of the path of an airplane at
various speeds and at various angles of bank
This 1s shown 1n Figs 1 to 3 inclusiwve The
curves tepresent the path of an airplane
making a banked turn, and are independent of
the type of airplane
slhipped or skidded to achheve a somewhat
greater lateral correction, but it 1s believed
that such a maneuver would be little used so
close to the ground and in weather thick enough
to be critical

Some aircraft can be

In many discussions with pilots
familiar with transport aircraft, none ex-
pressed willingness touse a bank of more than
10° after he had sighted approach lights during
a letdown i1n fog From these data 1t 15 be-
lieved that, inthickweather, a transport air-
plane more than 150 feet to one side of the
proper approach path, could not normally be
broughtin to this path from 3, 500 {eet out, 1n
time to make a successful landing This
limitation will become more and more severe
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The upper limit of the required region
of guidance 1s established automatically by
the maximum desirable rate of descent for
aircraft If the rate of descent 15 lirmted to
700 fpm the height of an aircraft approaching
at a speed of 120 mphcan not exceed 280 feet
above the runway level as 1t crosses the
middle marker (3,500 feet from the threshold)
This 1s 80 feetabove a normal ILS glide slope
installation
Since the purpose of the approach lights

15 to supplement radio guided approaches,
the region of guidance throughout whiclh the
approach lights are required to be effective
should not exceed the limits of the accuracy
with which normally skilled instrument pilots
follow such puidance Dataare available from
many test approaches under the hood See
Appendix II A series of such flights, con-
ducted by the All-Weather Flying Service of

the USAF at the Clinton County Air Force
Base, was tracked instrumentally by recording
theodolites?7 The results of aseries of these
flights are shownin Fig 4 From this it can
be seen that 46 per cent of the flights were
within 50 feet, 73 per cent within 100 feet,
and 97 per cent within 150 feet horizontally,
of the approach path at a distance from the
threshold corresponding to the location of the
middle marker, and approximately at the be-
ginning of the approach pattern

In considering the height of the area to
be served by the approach lights, an exama-
nation of F1g 4 will show much less variation
from the approach path vertically than hori-
zontally Ninety-three per cent of the ap-
proaches are within 50 feet of the approach
pathand 99 per centare within 100 feet These
data indicate that the region of puadance should
extend up to 50 feet above the glide slope at
3, 500 feet from the threshold,

In considering the length of the region
of guidance, the height of the glide slope 1s the
Iimiting factor It has been found that a pilot
normally can expect to see approach lights
whenhe 1s notover 200 feet above the level at
which the lights are mounted Most approach
paths, as established by ILS, place an air-
plane 200 feet above the level of the threshold
at the middle marker, at 3, 500 feet from the
threshold 1If the length of the approach light
system1s made 3, 000 feet, 1t would appear to
extend as far as 1t can be made effective 1n
critical weather

Operational Requirements

The wisual guidance required to assist
a pilot 1n landing an aircraft under low visi-
bility conditions can be considered under the
following elements (1) longitudinal, (2}lateral,
{3)vertical (4)attitude or roll, (5} directional,
and (6) identification  All of these elements

7air Force All-Weather Flyinp Division,
"Measurerments on the Flyability of the AAF
Instrument Low Approach System ' Report
No AWTL-6-2, dated August 22, 1947, and
'Measurements on the Flyability of the AAF
Ground Control Apprcach Systermn and Com-
parison with the Results Obtained for USAF
Instrument Low Approach System ' Report
No AWTL-6-3, dated March 17, 1948
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are required 1n some degree  Longitudinal
guidance has been given little importance wn
the past, and, while 1ts need i1s now recogmzed,
it st1ll1s probably the least important element

Lateral guidance, roll guidance, and directional

guidance are essential They are so inter-
related that they cannot be evaluated indi-
vidually, and one cannot even exist in the ab-
sence of one or more of the others Vertical
guidance has been given litile importance in
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the past, and has been ignored or given only
a minor place 1nthe design of most other ap-
proach systems  Yet vertical puidance 1s of
prime importance and cannoct be stressed too
highly A recent study8 states, ''The most
crifical component of the pilot’s job, as de=
termined from all sources, 1s that involving
the slkalls of establishing and maintaining a
proper angle of glide, rate of descent and
speed of glide on the approach Failure to
perform this part of the job adequately was
found to result in three times as many ac-
cidents as aoes failure to perform any other
part of the job "

Attitude guidance, or the establishment
of avisual horizon reference by means of the
approach light pattern 1s very important, al-
though 1t 15 1gnored by the advocates of a
single-line pattern, and its importance 1is
stilllargely overloocked or even dented stren-
uously by some experienced pilots Calvert?
attributes great importance to this function,
and has, 1n fact, designed his system around
1t This functioen 1s discussed at preater
lengthin Appendix IT A horizonreference 1s
best given by horizontal lines at right angles
to the course of the airplane It cannot be
given by a single line parallel to the course,
or even by two or more lines parallel to the
course The besthorizon reference afforded
by any of the approachlight patterns proposed
15 that piven by the funnel system with an axial
line and a series of cross lines described by
Calvert

Identification 15 essential before any
other element has any meaning, and so 1s
interlinked with every other element of the
list

It1s not practical to try to evaluate
these elements separately without consider-
ation of the interrelationship of each with the
other Efforts have been made to assign
numerical weighting to the various elements
of visual guidance and io the adjective ratings
of the effectiveness reported by the test

8Thomas Gordon, "The Airline Pilot
A Surveyof the Critical Requirements of His
Job, and of Pilot Evaluation and Selection
Procedure " Civil Aeronautics Administraton
Division of Research, Report No 73,
November 1947

9See footnote 5

pilots, and to arrive at a numerical rating
of the systems bewng compared at Arcata
These ratings were assigned by the test pilots
and other participating pilots, but the results
showed anomalies and distorted comparison
evaluations whichwere widely at variance with
the opinions and effective results shown in the
analysis of the flight data A more effective
means of evaluating the guidance required of
approachlightingis based on consideration of
the operating conditions If the function of the
approachlighting systerni1s so considered, the
various elements can be appraised in their
proper subordinate relationships to the basic
function of the system

Anaircraft making a landing under low
visibility conditions 1s guided to the portal,
approximately on course by the radic aids
These aids mark a path 1n space which 1s
essentially a strai1ght line The approach
light system, whose function 15 to supplement
the radio aids and to provide visual reference
for a contact landing, also should delineate
the same line 1n space In order to defire a
line 1n space three dimensions are necessary
and any system of visual reference which
does not possess three dimensions cannot
define such a line

Requirements discussed so far have been
considered on the basis of a straight-in ap-
proach 1n thick weather The pilot making a
circling contactapproach requires a different
type of guidance Such approaches are made
only when visibilities are three-quarter mile
{1207m) or better The normal procedure
consists of a down-wind leg, a 90° turn, a
baseleg, aturninto the line of approach, and
the final approach Duringthis procedure the
pilot should be able to see the location of the
approach area from any angle up to 90° from
eilher side and from a vertical angle of 307,
and also should be able to see a directional
marker indicating the line of approach Re-
guirements for circling approaches are out-
Iined inSections 4 4 and 4 5 in Appendix VII

Functional Requirements

Laghts used for guidance of aircraft are
used as luminous signals, and the light
sources themselves must be made visible to
the pilot  When visibility i1s restricted, the
distance from which a light can be seen de-
pends on the brightness of the light, the
brightness of the background against which
the light 1s seen, and the loss of Light in the



atmosphere between the l11ght and the observer

Fig 5 shows the relationship between
the brightness of a light, the transmissivity
of the atrmosphere, which 1s the proportion of
light penetrating a unit distance, the equivalent
daytime visibility distance and the distance
It 15 more
The curves of

from which the light can be seen
fully described in Appendix ITI
candlepower 1n this chart are given double
values, one for a moonless starlit night, and
one which applies to lights viewed in a day-
light fog 1n heavily overcast weather

The tabulation on the right of this chart
15 'Equivalent Object Visibility' By this 1s
meant a depgree of fog which would just per-
mit a tree or a house to be distinguished at
a distance indicated, and if observed by day-
light Should the same degree of fog occur
at night, 1t would be defined by the same
figure on the chart, even though the house or
tree would be concealed by the darkness
"'Object Visibility'' asused in this report re-
fers to the "Equivalent Object Visibility" de-
fined above, regardless of whether daylight
or dark conditions are considered From
the chart 1t1s evidentthat 1n a fog restricting
object visibility to 450 feet (137m) a light of
100, 000 candies can be seen from 1, 000 feet
{305m) by daylightand canbe seen from 1, 600
feet {4B6m)distance 1f viewed at night Sirmi-
larly, with a 300-foot {92m) object visibility
this s ame light could be seen from 700 feet
{(213m) by day or from 1, 250 feet {380m) by
night

It1s obvious thata light signal designed
for effective use 1n fog, and with a brightness
of 80,000 to 100, 000 candles 1s entirely too
bright to be tolerated in clear weather In
order to avo1d uncomfortable glare* , s
necessaryto be able to reduce the brightness
of these lights by degrees to the order of 100
candles foruse in varying degrees of fog and
haze up to clear weather
brightness control 1s necessary

In order to be able to use lights for

For this purpose

guidance, 1t 15 essential that a pilot be able
to identily and distinguish the lights he sees
The various means whereby lights can be
identified are by shape, pattern, color, and
flashing characteristics These means for
identifying and distinguishing light signals are
discussed and compared 1n Appendix IV

SLOPE LINE SYSTEM

Basic Concept

The slope line approach light system 1s
the result of a new and radically different
concept of a solutionto the problem of guiding
an aircraft to a landing  This concept rec-
ognizes that the problem 1s basically one of
defiming the pilot's relationshiptoa line .n
space, the necessity of providing three di-
mensions to define such a line, and of pro-
viding the pilot with a visual guide that s
positive and easily followed

The most effective means of defiming a
line 1n space, where the defiming elernents
are necessarily located remotely, 15 to de~-
fine two planes whose intersection forms the
desired line  The wvisual defining elements
conveniently consist of parallel lines lying in
the two planes Planes intersecting at right
angles were chosen, as shown in Fig 6, be-
cause the sensitivity of the definition reaches
a maximurm when the planes are at right
angles to each other

Configuration
The slope line approach lhight system
consists of two rows of linear laght units, one

* The matter of glare 1s of vital 1m-
portance, as everyone who has driven an
automobile at night can appreciate Brecken-
tidge and Douglas discuss the problem of dis-
tribution of light intensities with respect to
dazzle onpape 814 et seq anddevelop a chart
shown as Fig 21, page 816 of their report,
{see footnote 1} This chart indicates that
glare or dazzle occurs whenalightis approxi-
mately 1,000 times threshold brightness
Kevern(see footnote 2)recogmzes glare, but
Glare 15 af-
fected by several factors, tncluding the
backpground illumination, the relative bright-
ness of the light source and the threshold
brightness, the part of the retina on which
the light falls, and the duration of exposure
of the eye to the lights Lacking sufficient
data to evaluate these various factors, we

accepts 1t as a necessary evil

can still recogmze that glare or daz=zle 1s
objectionable and even dangerous, and that
every effort should be made to avoid 1t
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each row
consisting of a series of parallel lines, all
The two planes in
which the parallel lines li1e intersect on the
approachpathas delineated by the radio aids

This can be visualized as a skeleton of a
roof, with the approach path forming the
ridge pole, and the linear lights forming the
lower part of the rafters
the ridge pole, all of the rafters on both sides
will line up exactly

on either side of the approach,

lying 1n the same plane

To an chserver on

If the observer moves
the rafters wall separate
and break up 1into seri1es of parallel lines

from this position,

These relationships arellustrated 1n F1g 7
The lines formed by the intersection of
the planes with level ground i1n the approach
will converge toward the threshold at double
the vertical angle of the approach path Each
pair of linear light sources also lies 1ina
vertical plane which 1s normal te the axs of

the approach  These vertical planes are

10

spacedat 100-foot intervals for a distance of
3,000 feet into the approach

The spacing of the pairs of lights i a
direction parallel to the approach axis 1s af-
fected by several factors

(a) The distance between pairs should be
shortenough so that ai least five pairs
are visible at one time under the lowest
visibilities with which the system wall
be used, 1n order to develop clearly
the characteristic broken-line pattern

The distance between pairs should be
great enough to maintain an angular
separation between successive pairs,
and preventover-lap as seen from the
ghide slope

The pairs should be close enough so
that the characteri1stic pattern s
easily interpreted

Referring to Fig B, 1t can be shown that the
following relationship applies

Cosa = zn{D-L) + 2H(H-S) + W2 + UZ}
% 2{(D-L)2 + W2 + (H-S)Z}-l/z
X (D2 + U2 + H2)-1/2 (1)
Where
H = height of the observer above ground
D = distance of a given pair of light umis
ahead of the observer
L = distance between pairs of light units
S = vertical projection of the light umt
U = lateral distance to the outer end of
light at D distance
W = lateral distance to the inner end of
Iight at D-L distance
a = angle subtended at the eye of the ob-

server between the ends of Iights at
distance D and D-L

If we assume anobserverona 2 4° ghde slope,
3,000 feet from the end of the runway, ob-
serving the angle hetween linear lights 14
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feet longand 900 and |, 000 feet ahead of ham

then

= 180 feet
=1, 000 feet
= 100 feet

= 10 feet

= 140 feet

= 134 feet

sCvrum
1

Substituting these values 1n equation {1), we
get

cosa =1 0 approximately, and a =0

In other words, the linear lights at that
distance will tend to form a continuous line,
with no break and no over-lap when the
system 15 1nstalled on level ground The
angle will be increasingly greater on closer



SLOPE LINE UNITS

OBSEAVEAR

Fig B8 Dhagram Showing Angle Between
Adjacent Units Subtended at Eye
of Observer

lights, whereas the lights w1ll over=lap on
others more than 1 000 feet distant A
spacing of 100 feet between pairs of linear
lights appears to satisfy adequately require-
ments (b) and {c¢) and also satisfies well re-
quirement (a) Lights of 100,000 candles,
whichare economically available, canbe seen
from 1,000 feetdistance 1n visibilities to
456 feetbyday and 256 feetby might, and from
700 feet distance in visibilities down to 297
feetby dayand 165 feet by night, as shown in
Fig 7 Under these conditions, all lights up
to these Iimiting conditions are visible also,
giving ample pairs for pattern determination,
This system adapts itself readily to
As the umts are mounted 1n
sloped planes, and as these planes intersect
the ground, there 1s no need to bring the umts
up to any common level, but they can, n
general, follow the intersections of the planes
with rolling or uneven ground If sharp
changes of ground level occur, 1t 15 advisable
to limit the difference in elevation beiween
adjacent umts, not to exceed about ten feet
There 1s one other limiting factor which should
be keptinmind If the ground falls off so that
the outer end of the approach light system

uneven terrain

drops materially below the inner end, the
Lights can be so far below the observer on the
approach path that meteorological restrictions
to visibility will make the syster 1noperative

12

under conditi1ons when otherwise 1t would
furmish adequate guidance

Lighting Units

The basic umt for the slope line ap-
proach light system 15 a linear light source,
1 e , one which appears as a line instead of
a point or an area The 1deal source would
be a tubular pgaseous discharge lamp 1f such
lamps with sufficient brightness were avail=-
able, but, as these are not yet available, the
linear light unit can be formed by a series of
incandescent sources 1n reflectors mounted
side by side, as showninFigs 9, 10, and 11
The dimensions are governed by consideratiors
of visual reaction The minimum angle
normally discernible by the eye 1s about one
minute and standard visual charts use a
letter five minutes high, composed of strokes
one minute wide An approach light system
1s seen from a distance not over 2, 000 feet
when conditiorns are severe enough to emphasiz
its 1mportance, and from about 1,000 feet
maximum when conditions are critical Hence,
while 1t 15 vital to make the characteristic
linear shape apparentuptoa distance of about
2,000 feet,
greater distances, because when the light can
be seenfrom more than 2, 000 feet away, the
visibility 1s good enough so that no problem
1s 1nvolved

The 1ndividual linear lightsource
selected consists of ten lamps mounted 1n a
line The lamps are sealed beam PAR-56,
with 7 in reflectors, 20 amp , 12 5v fila~-
ments, and 30° spread lens forming the face
See Fig 12
that the lens spreads the beam over about
38° horizontally which
has a spread of almost 8° can be adjusted
vertically Isocandle distributioncurves of a
12 5 v, 250 w lamp are shown in Fag 13

The linear uni1t which forms the light
This was adopted as

1t 15 relatively umimportant at

These lamps are mounted s0

The vertical axis,

source 15 14 feet long
a resultof comparative tests made with units
8 and 14 feet long Thus the linear light s
made up of a series of light sources, spaced
each of
which has a horizontal spread of about 38°

approximately 17 in on centers,

and a vertical spread restricted to about 8°

The horizontal spread 1s designed to make the
lamp visible from as wide an area as 1s
feasible 1n producing candlepower high enough
to be effective  With 38° spread the beam
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Fig 9 View of Unmits of an Experimental Slope Line Approach Light System at Indianapolis

will cover a width ocf nearly 540 feet at a
distance of 700 feet

The vertical spread 1s kept narrow to
Mr J, B Bartow, an
early advocate of high intensity approach
lighting, used the principle of reducing the
brightness of a light in proportion to the dis-
tance from which the light will be seen,
assurning that the pilot 1s on a predeternmuned
pathata constantly varying angle to the light
This method was very successful when the
pilot was in the predetermined path, but
proved impractical when he deviated from
this path The method adopted to reduce
glare with the slope line approach lights is
based on the principle used by Bartow, but
applied under conditions which should minimize
the difficulties experienced by him The
muddle unit of a fixture 1s so directed that the
vertical axis of the beam intersects the glide
plane [, 200 feetin advance of the fixture, and
allother units are setwiththe beams parallel

avold excessive glare

to that of the middle umit Thus the beam is
controlled vertically instead of horizontally,
since experience has dermonstrated that ap-
proaches normally are much more accurate
1n the vertical than in the horizontal dimension,
as 15 shownin Fig 4 Another factor tending
to improve the approach accuracy and, con-
sequently, the effectiveness of distribution
control as preventive of glare, 1s the definite
and effective indication given to the pilot by
the configuration of the slope line lights,
which encourages him to fly the proper path
The sealed beam 250 w lamp will pro-
duce a beam of approximately 80, 000 candles
This brightness 1s necessary inorder to pro-
vide adequate visibility for daylight fog and
for the most severenight fog, but it necessi-
tates a stepped brightness control to adjust
the brighiness to varying needs, and to avoid
uncomiortable or even dangerous glare The
brightness control used in experimental 1n-
stallations consi1sted of seven steps, each
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reducing the brightness to about one-third
that of the precedinpg step The per cent
brightness versus candlepower for the seven
step control i1s listedin Table I Since seven
steps are somewhat unwieldy to use and,
since it has not been established that bright-
nessintervals of 3 larenecessarily optimum,
two other lists (six step and iive step) each
witha fixedintervalare wncludedin the table
Step control 1s most conveniently exercised
by varying the primary feeder voliage

Circuits and Control
The powerdistribation and circuits for
the lamps are very simple, and can be handled

14

10 Rear View of Slope Line Unit, With Doors Opened to Show Hinged Mounting Plates
and Method of Adjustment of Vertical Axis of Beams

in any one of several ways The lamps can
be operated 1n series, with film cutouts for
the individual lamps, but, because of the high
current rating, the distribution should be at
a standard low ampere rate, such as 6 6 amp
with a transformer (6 6 to 20 amp) for each
linear unit With series feed 1t 1s necessary
to use a tapped autotransformer for the steps
of brightness control Series distribution
requites the use of high voltage 1in the order
of 11,700 v, or the splitting of the load be-
tween several regulators

Multiple operationappears to bea more
practical system of distribution Due to the
high current rating of the lamps, 1t 1s ad-
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TABLE I

Brightness Steps For Controls
{See F1g 14}

7 Steps 6 Steps 5 Steps
Per Cent Per Cent Per Cent
Brighitness Candlepower Brightness Candlepower Brightness Candlepower
100 50, 000 100 &0, 000 100 80, 000
30 24, 000 25 20, 000 20 16,000
10 &, 000 b6 25 5,000 4 3,200
3 2,400 1 55 1,250 08 640
1 800 0 39 312 016 128
G 3 240 0 10 80
01 80

visable to use a separate transformer for
each linear umt, and, 1f a suitable primary
1s selected, these transformers can be of the
dry type The recommended system will
distribute at 4,160 v, -tep-down to 240 v
through 15 transformers, then distribute at
240 v to individual 240 v/12 5 - 25 v, 3-wire
unit transformers With this distribution,
either a tapped transformer or a motor-
driven regulator can be used in the primary
for brightness control

GUIDANCE PROVIDED BY
THE SLOPE LINE SYSTEM

The basis for guidance provided by the
slope line systemis thatof alignment of short
lines This is optically and psychologically
sound The system uses "vermer vision',
which 1s an extremely sensitive means of in-
dicating small deviations Psychologically,
the systemsatisfies an 1nnate sense of order-
liness and, whenalignment 15 achieved, there
1s established a feeling of confidence and
assurance The three-dimensional arrange-
ment gives a clear, defimte and reassuring
patternto apilot who1s onthe approach path,
and a characteristic modification of the pat-
tern whenever he deviates from the approach
path into any of the four quadrants formed by
the intersecting planes containing the linear
lights.

The pattern of the slope line approach
lights 15 not a natural pattern, and, con-
sequently, the pilot will have to learn to

interpret and use this pattern to 1ts full ca-
pabilities This 1s not difficult A short
briefing, with diagrams or photographs to
show him what to look for and how to inter-
pret the patterns are normally all that 1s
needed M™Making approaches in good visi-
bility, with the approach Lights turned on at
low brightness has been found to be an ex-
cellent method of gaining experience in the
full interpretation of the lights

Identification of an approach hight
systern, as such, 1s essential before any use
can be made of 1t The slope line system 1s
identified by the unique shape and setting of
the individual linear light units A series of
night photographs 1s reproduced in Figs 15
to 19 to i1llustrate the characteristic appear-
ance of the system from various points 1n the
approach zone

Longitudinal guidance 1s given prin-
cipally by the beginning and the end of the
paittern Some additional longitudinal indi-
cation 15 given to a p1lot who 1s thoroughly
accustomed to the pattern by his recogmtion
of the dimensions of the units and consequently
his height over thern Dastance markers, 1n
the form of horizontal marker lines, may be
added, and experiments are being conducted
todetermine the mosteffective arrangement

Lateral puidance 1s givenvery effectively
by the alignment of the lights in the pattern
Toa pi1lot who 1z on or nearly on course, this
guidance 1s sensitive to within about ten feet
To a pilot who 15 off course and can still see
both lines, the pattern gives him an unmis-
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takable indication of the direction in which he
must go 1n order to correct his course See
Figs 15and 16 To a ptlot who 1s so far off
course that he can see only one line, any
movement onhis partto close up the elements
of the line he can see will be 1n the direction

11 View of Production Slope Line Lighting Unit

toward the plane in which the lights lie and
toward the axis of the approach In this case,
in addition to the ditection of correction
given him by the closing of the line, he also
will have an indication of hei1ght above the
anits by his recognition of their dimensions
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Fig 12 A 250 w PAR 56 Lamp Developed for Slope Line Approach Lights
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Fig 13 Isocandle Inistribution of

As long as he can see two units he cannot
mustake the direction of correction

The slope line approach light system
provides accurate and sensitive vertical
guidance  This 1s given by the sensitive
alignment of the linear units, similar to
lateral guidance This guidance 1s illustrated
in Figs 17, 18, and 19

The system provides a horizontal ref-

250 w 12 5 v Slope Line Lamp

erence and attitude or roll guidance by means
of the symmetry of the angle formed by the
two lines abouta vertical axis This guidance
15 adequate and satisfactory when both lines
are visible, but 1s reduced when only one line
can be seen

Directional guidance 15 considered by
many pilots to be of the highest importance,
next to the identification of the systemm Di-
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rectional guidance, however, 15 merelya
function of attitude and lateral guidance
Since these two elements are furnished, di-
rectional gmidance 1s provided automatically
A recentreportl0 includes perspective
studies of the slope line pattern together with
those of all other patterns of approach lights
whichare being considered seriously These
studies demonstrate that the slope line pattern
furnishes clear and unmistakable indications
of lateral position, height, direction, and at-
titude The analysis also indicates that all
the other patierns studied fail 1n one or more

0g g Warren,'" Perspective Analysis
of Approach Light Patterns " Technical
Development Report No 96, August 1949
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points, and that some of them can give indi-
cations which are misleading and confusing

After a full seasonof comparative
testing at the Landing Aixds Experiment
Station at Arcata, the Air Force-Navy-Civil
Subcommittee on Visual Aids to Air Navi-
gation recommended to the Aircraft Com-
mittee of the Mumtions Board that the slope
line approach lights be approved as standard
for the United States The Aircraft Com-
mittee approved this standardization

Further Developments

Circling approaches require guidance
from outside the approach zone and off course,
which 1s not normally afforded by the slope
line system In order to provide for this
need, the addition of the following elermnents
15 proposed

1l A light umt providing 90° horizontal
and 30° vertical spread at the outer
end of each pair of units nearest the
runway

2 A lhight unmitat the middle marker pro-
viding 315° horizontal and 30° vertical
spread, having a distinctive and easily
recogmzable characteristic onthe axis
of the approach This uni1t can be a
condenser discharge lamp

Extensive flight tests under actual fog
conditions point to several other possibilities
for further improvement of the slope line ap-
proach light system Experience has also
modified the emphasis on the various elements
of guidance Considerably more recognition
1s being given to the importance of vertical
guidance and roll guidance Roll gudance,
as giwven by the slope line pattern, can be
imptroved by the addition of horizontal lines
and these li1nes can serve also as distance
markers

Although the slope line lights give ex-
cellent i1dentification by means of the unique
shape and setting of the linear light units,
comparative testing indicates that the most
distinctive and easily recognized lights are the
flashing lights, such as those produced by
condenser discharge lamps In order to take
advantage of this conspicuity, 1t is proposed
to testan axial line of flashing lights ahead of
the approach light lane

The spacing of the individual light units
forming the hinear unit and the overall length
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of the umit were decided by the results of
several comparisons, but it 15 possible that
further 1nvestigation into the visual effect of
the proportions of luminous lines of various
degrees of brightness and the spacing of
units forrmmng the line, will establish a dif-
ferent length of the uni1t as optimum, and a
different spacing of lamps The 1ndividual
lamps spaced 171n on centers provide a
possibility of turning lamps alternately to
the rightand left so thatthe width of the beam

15 View of Slope Line Approach Laghts From Aarplane to Left of Course
(Note Echelon Elements Pointing to the Right)

1s doubled This 15 to be tried in practice,
and s hould eliminate any tendency for one
line to disappear

The use of linear lamps as a substitute
for the associated groups of lamps used in
the slope line unit offers possibilities, es-
pecially for installations where less severe
weather limitations normally are anticipated
Some work has already been done on stub
approaches, i1ntended for non-instrument
runways, and based on the slope line prin-




Fig 16 View of Slope Line Approach Lights From Airplane Low and to the Left
{Note Echelon Elements Poiwnting to the Right)




Fig 17 View of Slope Line Approach Lights From Airplane Slightly Below the Approach

Path

c1pltee11 The relatively low candlepowers
available from steady-burnming gaseous dis~
charge tubes are much more effective than a
comparison of the brightness values would
suggest At night these lights should be
visible from 1, 000 feet distance under visi~-
bilities well below one-eighth mile and,
while the:r daytime visibility for the same
distance would probably be limuited to about
one-quarter mile, sufficient assistance 1s
given to a pilot by visibility of the ground
plane in addition to the lights, such that day-
time landings might be practical on these
lights 1n fog somewhat denser than one-
quarter mtle (transmissivity down to about
0 32 to 0,35 per 100 meters )

The units of the slope line approach
light system are installed where the 45°

11y S Gilbertand H J € Pearson,
'Development ofa Stub Approach Laght
System " Technical Development Report
No 75 December 1947

{Note Echelon Elements Pointing Up)

planes intersect the ground on both sides of
the approach way Since the height of the
intersection of these planes 1s determined by
the height of the glide slope, (40 or 50 feet
above the threshold) the lights norrally will be
not more than 100 feetapartlaterally, Inorder
to mimimize physical obstructions, the pair
nearest the runway were omitted and the
second and third pair cut down to half length
where they are installed on level ground in
the experimental i1nstallation One method of
further reducing this obstruction 1s to install
the last 1,000 feet of the system ona 30°
instead of 45° angle, resulting in a pattern
resembling an ar row head, with a break in
each line This modification 1s being in-
stalled for flighttesting at Indianapolis This
modification reduces the heights of the struc-
tures and moves them 73 per cent farther off
the runway centerline Another development
desigred to lessen the hazard from obstructions
caused by the Iight structures when the lights
are not 1n use consists of a retractable unit,
which could be used at the inner end of the
approach lLight lane
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Fig

ARCATA INSTALLATION

A complete system of slope Iine ap-
proachlights has beeninstalled at the Landing
Alds Experiment Station at Arcata, for flight
testing 1n comparison with other approach
light systems T h1is installation was com-
pleted after the end of the 1947 fog season

The slope line approach lights are in-
stalled to 1indicate an appreoach path cowun~-
ciding with that marked by the ILS and GCA
Each light umt consists of a sheet steel box
14 feet long mounting ten lamps The lamps
are airplane landing type sealed beam lamps,
rated at 600 w at 28 v, but operated at 25 v,
When operated atnominal 100 per cent bright-
ness at 25v , each lamp consumes 500 w
All lamps on each fixture are connected 1n
rmultiple and are fed by an individual 5 kva,
2,400/25-50 v, transformer Brightness
control 15 provided by means of primary

18 View of Slope Line Approach Lights From Airplane on the Correct Path
{Note That all Elermnents Line Up)

voltage variation, through the use of tapped
transformers, relay-controlled by dial-type
selectors 1n the control tower Each unit s
mounted at 45° and 1s supported on a steel
frame structure fabricated of war surplus
perforated steel landing mat The structures
are low, with fixtures close to the ground,
except where one side of the approach 1s
materially lower than the other, in which
case the support on the lower side 1s ele-
vated enough to bring the pairs of lights with-
in five feet of the same elevation The struc-
tures appear very mnconspicuous beside the
70 and B0 foot towers required to support
units of other systems See Fig 20

Each lamp s provided with a 30° spread
lens, mounted 1n the face of the fixture, and
arranged to spread the light horizontally
The lamp 1s mounted 1n a plate hinged at the
bottom, with an adjustment to set the verti-
cal angle of each lamp independently The



Iig 19 View of Slope Line Approach Lights From Airplane Above the Approach Path
(Note the Echelon Elements Pownting Downward)
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Fig 20 View of Slope Line Units at Arcata

characteristic isocandle distribution of the
lamp and spread lens1s shown in Fig, 21 and
has a peak intensity of about 93, 000 candles
Eachindividual lampis tilted so that the axis
of its beam will 1ntersect the glide slope
1,200 feet ahead of the fixture No hori-
zontal adjustment 1s provided

The system 1s 3, 000 feet long, and re-
guires 300 kva when operated at full bright-
ness It was realized that this was an ex-
cessive load, but the lamps were chosen to
provide brightness on the order of 100, 000
candles, partly because the dermands were
abnormal (onaccountof heavy fogs at Arcata},
partly because the terrain dropped oif so that
the slope line lights were as much as 50 feet
below the other lights with which they were
being compared, and partly because this was
the firsttestinstallation, and1t was \mportant
to be able to test all degrees of brightness

INDIANAPOLIS INSTALLATION

A system of slope line approach lights
also was 1installed at the Civil Aeronautics
Admimistration Technical Development and
Evaluation Center, Indianapolis These were
installed for development study and demon-
stration, butare available also for use 1n fog,
which occurs most frequently i1n the spring
This system 1s 2, 500 feet long, due to limi-
tations on availlable land, and 1s set to indi-
cate a path coincident withthat marked by the
ILS, at2 5° The system s operated from the
control tower on request, so that visiting
pilots may have an opportunity to study the
appearance of the system, and familhiarize
themselves with the characteristic pattern
As the requirements of this installation are
less severe than those at Arcata, the lamps
are only 50 w capacity, providing a peak in-
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Fig 21 Isocandle Chart Showing Distribution of Sealed Beam Lamp and Spread Lens
Installed at Indianapolis and Arcata
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Fig 22 Repgion of Guidance for Approach Light Systems

tensity of 38, 900 candles, and with the same
general distributionas that shownin Fig 21

CONCLUSIONS

The slope line approach light system
15 based on a novel geometric principle de-
signed tomark a line 1n space and to provide
the pi1lot with visual indications of his position
and course relative to that line In so doing,
it provides adequate and effective visual
guidance for straightaninstrument approaches
under weather conditions below 1/16 mile
(100m) by night and 1/8 mile (200m) by day

The system provides the pilot withan accurate
indication of vertical and horizontal position
relative to the approach path and affords him
a means of judging airplane attitude

Flight testing 1n actual fog has demon-
strated that the basic concept of this pattern
of lights 15 sound and practical, although ad-
ditional conspicuity, additional roll guidance,
and longitudinal i1ndications would add value
to the system Means for providing these
features are being i1nvestigated and they can
be added to any extent found necessary

The system 1s relatively simple and
economical to install



APPENDIX 1
The Effect of Fog

Fogoccurs in many forms and invarying
densities For consideration as a factor af-
fecting the landing of aircraft, 1t probably 1s
necessary to consider fog in only three forms

These are

{a) A more or less homogeneous mass
blanketing the ground and extending
up several hundred feet

An overlying stratus of cloud with
relatively clear atmosphere beneath
1L

A low-lying sheet of fog, covering the
ground, but extending up only a short
distance

(b}

(c)

In{a)the airplane 1s entirely surrounded
by fog during the letdown and landing oper-
ation In (b) the descending airplane will
break out of the fog, and the pi1lot can see
clearly underneath 1t In {(c) the airplane 15
flyinginclear atmosphere and has to let down
into a sea of fog beneath 1t The term
"ceiling” applies properly only to condition
(b) and refers to the height of the bottorn of
the cloud mass

All mathematical analyses of visual
range 1n fog and the required brightness of
laght sources, which can be seen for a given
distance, are based on homogeneous fog, and
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all fog densities referred to 1n this report are
based on this same convention

Fog density can be defined in terms of
transmissivity, which 1s the proportion of
light which penetrates a fog a given distance,
suchas 100 meters, or by means of the equi~
valent visual range or visibility distance of
objects seen in the fog by daylight

A Table of Visibility has been adopted
by the International Commssion for Synoptic
Weather Information, and 1s given herein

A pilot making an approach 1n fog {a)
depends on instruments and radio guidance to
keep him on the approach path until he reaches
a point from which the approach lights are
visible From thatpoint on he should be able
to use the approach, threshold and runway
lights as an outside wvisual reference, and
make a wvisually-aided landing Under such
circumstances the approach and runway
liphted pattern must be continuous and re-
liable

A pi1lot making an approach 1in fog (b)
will use radio approach guidance until he
breaks out of the overcast From this point
on he goes contact, but, 1n this case, the re-
quirements of the guidance given by the ap-
proach lights are much less rigorous, as the
entire pattern of the approach and runway
LIights generally will be visible at the same
time

The most severe and critical condition
affecting the use of lights on the approach 1s
condition (c) If such fog occurs after dark,

TABLE 11

Table of VisibilitylZ

Code Designation
Dense fog
Thick fog
Moderate fog
Light fog

Thin fog "
Haze
Light haze "
Clear

Very clear
Exceptionally

Do N R W= O

clear

Daylight Observations

Objects not visible at 50 m (165 feet)
Objects

visible from 50 to 200 m (658 feet)
" " 200 to 500 m (1, 645 feet}
't " 500 ta 1,000 m (3,048 feet)
" " 1,000t0 2,000 m (1 24 mles)
" ' 2,000to 4,000 m (2 48 miles)
" " 4,000to 10,000 m (6 2 mles)
" " 10 to 20 km (12 4 miles)
" " 20 to 50 km (31 mules)
" " 50 to 150 km {93 miles)

2w E K Middleton, "Visibility in Meteorology "' University of Toronto Press, 1941



and the fog layer 15 not more than approxi-
mately 200 feet thick, the lights may pene-
trate the fog sufficiently to create a vasible
glow inthe upper layer, which will be visible
before the pilot enters the fog, Several such
instances have been reported, and these are
very hikely to cause a serious overestimation
of the normal effectiveness of a system A
series of approachtests were made at Newark
under such conditions, with a line of con-
denser discharpe lamps flashing 1n sequence
from the outer to the inner end of the approach

The glow of these 11 ghts on top of the fog
bank created an extremely effective path in-
dication, and resulted in highly enthusiastic
endorsement of these lights as an approach
system These endorsements entirely over-
looked the more important phases of approach
guidance, in which such lights can be seriously
deficient, and did not consider what their ef-

fectiveness would be1na fogof greater depth

If such fog occurs i1n daytime waith the
upper surface of the fog 1lluminated by day-
light, the most severe condition possible 1s
set up, as the pilot's eyes are adapted to day-
light 11lumination, and his threshold of visi-
bility1s raised enormously Under such con -
ditions he must let down into the blinding fog
with no chance to adapt his eyes to reduced
brightness, and must then try to pick out the
lights for his landing pguidance
operations the lights must be of mammum
possible brightness, and under such con-
ditions coler may have some value 1n adding
conspicuity

In any daylight fog, while the difficulty
of making the lights visible tc a pilot 1s in-

For such

creased enormously, there may be less dif-
ficulty 1n providing horizontal reference, as
the ground plane frequently 1s visible



APPENDIX II
Psychological Aspects

There are certainpsychological aspects
of piloting an airplane which can be explored
to find an explanation for some of the dif-
ferences 1n opinion and emphasis held by
various engineers and experienced pilots
Reference 1s made 1in this report to the 1m-
portance placed on horizon indication by the
author and to the fact that such importance
15 not recognized by some expert and long-
experienced pilots It 1s 1mportant to ex-
amine this function and the reason for the
differences of opinion as to 1ts value.

A pilot, when flying on instruments
where he cannot see any references outside
his cockpit 15 informed of airplane attitude
by means of the artificial horizon on the in-
strument panel This 1s adequate and satis-
factoryas longas he s flying on instruments
When he lets down on approach, guided by
radiountil he can see the approach lights, the
situation changes He 1s then watching the
approach lights, which are outside the cock-
pit, using them for guidance, and 1s flying
contact The pilot, whenflying contact, oper-
ates by reflexes which have been developed
by associating the airplane with himself, and
the controls as extensions of his own motor
systermm  His movements of the controls are
then largely unconscious and automatic He
operates the airplane by reference to outside
stimul:, such as the apparent movement of
the horizon or other outside visual reference
When he 1s flyinpg on instruments the stimula
and responses are entirely different In
this case, movement of the controls results
1n the movement of indicators on instruments,
and a conscious effort 1s required in order to
interpret these indications in terms of at-
titude and movement of the airplane, Under
these conditions his reflexes must be con-
scious and considered, and he operates the
airplane as a vehicle separate from himself
This develops a different set of reflexes,
keyed to the instrument movement and not to
his consciousness of his own movement
Either set of reflexes can be employed, and
1s employed, but because they are essentially
different, a conscious effort s requred to
change from one to the other Because the
reflexes based on outside reference stimuli
are more nearly automatic, and are much
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more frequently used, 1t 1s relatively easy
to change from instrument reference to out-
side wvisual reference, and much more dif-
ficult to change from visual reference to 1n-
strument reference

When the pilot making an approach in
fog comes 1n si1ght of the lights, he changes
frominstrument to contact flying, that 1s, he
changes from the system of reflexes con-
ditioned to mnstrument indications to the more
normal system of reflexes conditioned to
outside visual references This 15 com-=-
paratively easily done, but if he has to refer
back to his instruments, as for a horizon
reference, the transition 1s much more dif-
ficult 1In addition to this inherent psychol-
ogical difficulty, he alsoi1s forced to readjust
his eyes from the remote and relatively
bright lights to the short focus and low level

1llumination of the instrument panel Such a
readjustment, from bright todi1m, takes
from one to more than three seconds, and at

a highly critical time when seconds are
priceless

During the approach 1t 1s essential that
the pilot have a horizontal reference, either
inside the cockpit or from what he can see
outside He 1s normally flying contact and
if a satisfactory horizon reference 15 given
him by the lights he can see, he will not
have to make the difficult and dangerous
transition from contact to instrument, or try
to readjust his eyes to the instruments for
this vital information

A procedure has been developed which
eliminates this necessity In this procedure
one pilot watches for the lights while the
other flies the arrcraft oninstruments Thus
one pilot keeps his attention on the instru-
ments while the other directs his to lights,
and either can advise the other, or can take
control This has proved a satisfactory pro-
cedure for experimental approaches, and can
be safely used on general operations, but it
would not be considered as completely ade-
quate, because 1t requires both pilots for the
landing cperation, andleaves no safety margin
1n case one pilot should become i1ncapacitated
Furthermore, many airplanes do not have
copilots An approach light system should
not be considered adequate if 1t gives the
pilot only partial guidance, and requires ad-
ditional information from instruments

It1s 1nteresting to examine the reasons
why experienced pilots fail to recogmize the



importance of a level reference as an inherent
element 1n the appreocach light pattern It is
argued that an airplane is letting down with
its wings level, as indicated by the artificial
horizon, and whenthe pilot sees the lights he
sti1ll can maintain the same level attitude and
uses the line of lights only for directional
indications This 1s quite possible if, and
only 1f, the airplane 1s exactly on course and
has to make no correction As soon as the
course 1s changed, the attitude 15 also changed
and the level must be restored Itis also
argued that a pilot following a single line of
lights would soon perceive if he were off
level because the course would swing to one
side This 1s true, but an airplane letting
down at 120 mph, and with a bank of as much
as 10°, turns ona radius of 5, 500 feet as
shown 1n Fig 1 As an entire approach
system 1s only 3, 000 feet long, the change of
course would be a very crude and imadequate
means of judging the level

A peculiar psychological factor 15 1m-=-
portantin the evaluation of the 1importance of
alevelreference A pilot flying contact,
when he can see the landscape has very liitle
He knows which
1s up and down and which 1s level, not by any
conscious effort, but by subconsciows reference
to the line of the horizon, the level of a cloud
bank, the appearance of the ground, anda
multitude of other data which are unconsciously
observed, assimilated and integrated Simi-
larly, a man walking or standing, or riding a
bicycle, does not consciously refer to any-
thing to know what 1s level He knows what
15 level by a completely subconscious ref-
erence to fami1liar horizontal indications
When these indications are distorted or en-
tirely removed, he 1s baffled and lost
found 1mpossible to ride a bicycle 1n a com-
pletely blacked-out street, entirely apartfrom
the hazard of collisions The addition of a
dim glow of a light in the rider’'s sight, how-
ever, gave him a reference with which he
could co-ordinate his sense of balance, and

need of an artifical horizon

It was

he was again able to ride

One type of amusernent park attraction
puts a person 1nto a room where all wall,
floor and ceiling lines are at odd angles, and
the person 15 hardly able to stand, and can
not attempt to walk without falling Has
subconscious references are confused by
distorted and untrustworthy stimuli and
his natural sense of balance 1s desiroyed
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Similarly mmany a pilet has emerged from a
cloud and found himself at a crazy and un-
expected angle with the ground Man depends
on familiar outside references to enable him
to adjust himself to the feeling he knows as
level, and this adjustment 1s almost entirely
unconscious Manyexperimental approaches
and landings have been made 1n fog and thick
weather, but very few of them have been
made 1n weather so thick that the pilot could
see no outside references when he neared the
ground Probably not one pilot in a thousand
has ever had that experienc¢e and few people
who have not experienced 1t have any con-
ception of the lost and bewi1ldered feeling
when all farmihiar references are lacking, yet,
that 1s the condition under which airplane
landings must be made 1f weather handicaps
are to be conquered That 1s the reason why
the designers of the slope line approach light
system believe that it is essential to in-
corporate adequate horizon reference 1nto the
system, regardless of the lack of recogniticn
of 1ts 1mportance on the part of many pilots
and engineers

Another psychological tendency 1s of
importance There 1s an almost irresistible
impulsion for a p1lot who 1s using a line or
pattern of 11 ght as a guide to edge closer to
the lights for the added reassurance they give
him Pilots refer to the tendencyas 'hugging
the lights'' If there 15 no vertical guidance
given by the light pattern itself, this impulse
will tend to cause a pilot to undershoot and
land short  1f the pattern of approach lights
gives a clear and unmistakable indication of the
proper altitude, this tendency will disappear

Under The Hood

Test flying of various radio approach
ai1ds 15 normally conducted by a pilot under a
hood, wherebyhe cansee his instruments but
cannot see any references outside the cockpat
He 1s accompanied by a check pilot who has
normal vision of outside references,
take over the controlinany case of emergency
Under such conditions pilots flying blind have
confidence 1n the check pilot and are under

and can

no abnormal nervous strain

The application of the accuracy obtained
in such test operations under guidance by ILS
or GCA as criteria of the accuracy to be ex-
pected fr om flying blind in actual fog under
the same radio gmidance has been challenged,
and the results of test approaches made by



ILS or GCA without check pilots and 1z actual
fog are cited as evidence

The author beli1eves that experience
gained by flying under the hood 1s reliable
and can be consi1dered a fair appraisal of
what pilots can be expected to do 1n a fog with
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aids on whichhe could depend When adequate
lights are awvailable, and the pilot 1s familiar
with them and knows he can depend on thern
for all the aid he needs, his confidence will
be restored to thatafforded by the check pilot,
and his performance should show no material

difference between approaches under the hood
or actual fog

* Gee footnote 2
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APPENDIX III
Visibility Chart
The basic relationship between bright-
ness, transmissivity of the atmosphere, and
distance from which a light can be seen 1s
familiar to all engineers who work with sig-
nal lighting This relationship, known as
Allard's Law, 1s expressed by
I =1, D2/TD

where

I = brightness required of a light to be

visible
I, = threshold brightness of the observer
D = distance fromthe cbserver to the light

T = transmisswvity per unit length of the
atmosphere

The threshold brigntness [, 15 not a
constant, but varies through a wide range,
depending on the individual degree of dark
adaptation, and background brightness The
chart shown in Fag 51s based on two dif-
ferent values for I viz. , 0 2 km candles
representing the threshold under conditions
of a starlit moonless might, and 1, 000 tirnes
that value, or, 200 km candles, representing
the threshold when viewed against the back-
ground of a representative daylight fog The
chart shows the distance that lights, suc-
cessively brighter by increments of 1, 000 per
cent, can be seen under different degrees of
transmissivity The scale on the right shows
the equivalent object visibility, or the meteoro-
logical range, which s the distance at which
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an object 1s just visible against a sky back-
ground 1n a fog producing the transmissivity
indicated on the left column As most pilots
and observers define a fog 1n such terms as
1/4 of a mile, or 1/16 of a mile, this scale
1s of service 1n translating such defimitions
nto transmissivity

The equivalent abject visibility 15 cal-
culated fromthe transmissivity by the use of
the relationship

TP = K
where
K = constant (Koschmieder's constant)

The value used for K in the chartis 0 02,
which1s the value generallyassigned 13 This
value, however, varies under different con-
ditions, and has been assigned values from
0 015t0 0 06 Basedon the work of Douglas
at Nantucket and Arcata, the Landing Aids
Experiment Station uses a value of 0 055

The relationship of fog and required
brightness can be plotted in a chart showing
alldegrees of transmissivity from zero to
unity, which represent complete absorption
to unlimited wvisibality The chari shown as
Fip 5 represents only the lower 6 per cent
of such a chart, and 1s magnified to facilitate
readings for conditions of dense fog, with
which approach lights are concerned

When this chart 1s expanded to cover all
conditions of visibility, the steps of the Inter-
national Visibility Scale, given in Table II,
Appendix I, can be shown conveniently as
horizontal Lines

13See footnote 12



APPENDIX IV
Identification of Signal Laights

Signal lights canbe identified by shape,
pattern, color, or flashing characteristics
This appendixdiscusses briefly the application
of these various characteristics to aviation
signal Lighting

Ifa light source can be given a distinctive
shape, and 1s so placed that an observer can
recognize that shape, the light cannot be con-
fused with other lights Shaped light sources
have not been used to any great extent in
signal marking, particularly for aviation,
because shape cannotbe distinpuished beyond
a very Iimited distance The mimimum angle
subtended at the eye for a shape to be readily
distinguishable 1s about three minutes, or a
dimension of about 0 001 time s the viewing
distance This 1s further complicated by the
tendency of the eye to lose resolution of the
shape of a light when the light 15s much brighter
than threshold Nevertheless whena luminous
signal 1s required for a service for which it
must be seen from only a short distance, a
shaped source can be made entirely reliable,
and will elimninate the need of color and color's
inherent difficulties

Patternis really an extensionof shape
By arranging a series of point sources 1n a
recognizable pattern, the function of shape
can be extended almost any desired degree,
and a recopgmzable pattern can be made ef-
fective to a much greater distance than s
practical for shape Pattern has been widely
used 1n aviation, but it has 1ts lLimitations
The first 15, of course, the limits of distance
from whichthe individual lights can be seen,
and next 1s the fact that when observed from
nearby points the pattern can be lost because
of excessive dimensions

The only real difference between the ef-
fectiveness of shape and pattern lies in the
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distance from which they are intended to be
seen By keepingthe limitatians of visibility
of the light sources, the limits of the eye, and
the distance involved 1n mind, shape and pat-
tern can be combined to be very effective

Color 1s one of the most effective and
most widely~used means of giving distinc-
tiveness to asignal light, but the use of color
has seri1ous lLimutations Color can be ob-
tained by usinga source which produces
colored light, or by using a source which
produces white light and then interposing a
filter which absorbs the wave lengths not
wanted

Nearly all sources of colored light,
like fluorescent tubes or gaseous discharge
tubes, are inherently of relatively low bright-
ness, and a large area must be provided to
produce any material volume of hight Such
a large area 1s very difficult to adapt to op-
tical control, hence such lights are normally
notavallable to produce accurately controlled
beams or high brightness signals

Incandescentlamps, whichare available
with very highbrightness and with sources of
small dimensions, are readily adaptable to
accurate optical control, butas these sources
are white, they necessitate the use of filters
when used as colored lights

Filters have a maximum transmission
limited to the portion of the original white
light which comes within the acceptable limits
of the color desired In addition to this re-
striction of transmission, surface reflection,
absorption by the glass and by possible im-
purities and partial absorption of the desired
color, reduce the amount of colored light
avallable. For practical purposes, the highest
percentage of colored Light which can be ex-
pected from filters 1s in the neighborhood of
the values shown i1n Table IT1

Other colors are not practical in signal
practice for aviation Orange 1s easily mis-
taken for red or yellow, vicletappears as red

TABLE II1

Transmission of Filters

With red filter
With green filter
With yellow hlter
With blue filter

10 to 20 per cent of light 1s transmatted
15 to 25 per cent of light 1s transmitied
40 to 60 per cent of light 15 transmatted

2to 5 per cent of Light 15 transmitted



or blue, witha halo of the opposite color sur-
rounding the light Eveninthe aforementioned
restricted list, yellow is not completely re-
liable for use by 1tself, as it caneas1ly be
confused with a white light at low 1ntensities
A further difficulty1s introduced in the use of
color filters with highintensity lights as the
amount of energy absorbed by the filter adds
materially to 1ts temperature rise, so that
particular attention must be paid to the dis-
sipation of the heat inorder toavoid breakage
There 1s 2 widespread belief that some
colors,
through fog for greater distances than white
While different colors
have various values of visibility threshold
brightness, no gawn 1s achieved by filtering
out part of the light, as all wavelengths
penetrate a fog independently Breckenridge
and Nolan~* found no advantage in the use of
red over white of equal candlepower, and this
conclusion 1s supported by ihe fact that sun-
laght, filtered through fog or a cloud, shows
no indication of one color penetrating more
than another For practical purposes, as for
approachlighting, no one color or combination

such as yellow or red, can be seen

light, or other colors

of colors will penetrate farther than any other

There might be some advantage in using
color for greater conspiculty when lights are
to be seenagainst a background of fog 1llurmi-
nated by daylight on account of the conirast
with the background Evidence s still lacking
but 1t 1s
doubtful 1f the gain in conspicuity 15 enough
to compensate for the losses 1n producing
colared lights

Flashing characteristics are also widely
used for providing distinctiveness to a light
signal Flashing signals can be produced by
several means, of which the following are the
most common

on the increase of conspicuity,

1 By turming on and off an incandescent
lamp

2 Byturning onand offa vapor discharge
lamp

3 By motion of a system of optics

4y ¢ Breckenridge and J E Nolan,
"Relative Visibility of Luminous Flashes from
Neon Lamps and from Incandescent Lamps
withand without Red Filters " National Bureau
of Standards Journal of Research, March
11-25, 1929
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The first method 1nvolves the heating and
cooling of the lamp filament, and 15 practical
only for a relatively small lamp, or for a
slow rate of flash, because the timme required
for the incandescence and nigrescence of the
filament of a large lamp 1s relatively long,
sometimes taking nearly one-half second
The second method 1s readily applicable
to low brightness vapor discharge lamps,
which are not very effective for use under
conditions of low wvisibility It can be used
also with gaseous discharge lamps operated
by condenser discharge These give ex-
tremely high brightnesses for very brief

flashes The average power discharge
through such a lamp 1s given by
w o CV2x10-6
2t

where

W = power 1n watts

C = capacity of condenser in microfarads

V = voltage

t = time 1n seconds

The light ocatput of such a flash employing
xenon 15 1 the order of 40 lumens per watt,
and the duration of the flash 15 extremely
brief, and 15 measuredin microseconds As
this time 1s dependent on the rate of discharge
of the condenser, 1t 1s decreased by reduction
of condenser capacity and increased by any
inductance 1n the circuit, and to a limited
extent, by increase of the voltage

The third method,
moving an optic, 1s employed with lighthouse
signals, and various other
types of signals

The effective brightness of a flashing
Iight source, which1s the apparent brightness
to the eye, 1s progressivelyless in proportion
to the actual brightness as the flash duration

that of rotating or

airway beacons,

decreases This relationship 1s defined by
Blondel and Rey as follows

le &
I K+t

where
Ie = effective brightness



I = actual brighiness

t = time 1n seconds

K 15 a constant, with value s between
0 15 and 0 30 The value normally used 1s
K=0 20

With flashes as brief as those produced by
condenser discharge lamps, the ratio of ef-
fective brightness to actual brightness can
drop to a value as low as 10-5
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Flashing Lhight signals may be used ef-
fectively where an i1ndividual lhght source 1s
required, but attempts to employ them as
elements of a pattern of signal lighting have
notbeenveryeffective Earlytests of groups
of independently flashing lights produced a re-
action of confusion to an observer Recent
attempts to use flashing lights in controlled
sequence as guldance to aircraft have indi-
cated that such lights cannot give adequate
guidance, and can cause added confusion by
producing false indications of motion and
stroboscopic effects



APPENDIX V
Cockptit Limitations

Any visual aid, to be of service to a
Piloet in makinpg a landing, must, from the
meaning of the term, be visible to the pilot
The structure of the aircraft and the re-
stricted view from the cockpit interfere very
seriously with the field of view of the pilot.
Furthermore, there 1s a wide variation in the
designs of different aircraft in this respect,
some cutting off all forward visibility below
the horizon, and others giving a clear for-
ward field of vision to 15° or more below the
horizon The trim, speed, and loading of an
airplane and the flap setting, all affect the
fore and aft attitude, and the angle between

APPENDIX VI

The Effect of the Approach
Speed of the Aircraft

It was pointed out, 1n the discussion on
the length of an approach light system, that
there 15 no practical value 1in extending the
approach lights into the approach for more
than 3,000 feet, because an airplane, coming
inon a glide slopeof 2 4° will be 200 feet high
when within range of the lights, and, 1t 15 not
feasible to make lights visible in a dense fog

the longitudinal axis and the horizon There
are, also, many additional variables, such
as the position of the pilot's head, the height
of his seat, his attitude (whether leaning or
sitting erect) and his flying technique, that
it appears impossible to establish any body
of dependable data It would appear then that
this 1s a problem which rests with the de=
signer of the aircraft The approach light
systemshould be designed on the assumption
thatit will be used by aircraft having adequate
fields of view Aircrafthaving restricted
visibility would not be able to use the facility
afforded by the lights under as severe weather
conditions, and would then be able to land
only under higher limits Thus, aircraft
manufacturers are provided with a powerful
incentive to impraove cockpit visibility

to a pilot at any height materially above this

Thus a pilot will be within the range of
approach lights only for the time his aircraft
takes to traverse 3,000 feet With an ap-
proach speed of 120 mph, the pilot will see
the approach lights for only 17 sec, and that
1s not very much time to make course cor-
rections It would appear, therefore, that ap-
proach speeds inthe neighborhood of 120 mph
are getting cloese to the maximum with which
aircraft can make a visual approach under
severe weather conditions



APPENDIX VII

Operational Requirements for
Approach Laight Systems

Formulated by Approach Light Evaluation
Committee ANC Subcommattee on Visual Aids
to Air Navigation

1

1

Definitions

Asusedinthis statement of operational
requirements, the following terms
are to be understood as defined below

Limiting Visibility, the meteorological
visibility for which the approach light
system 1s designed

Region of Guidance, the region of
space within which 1t 1s essential that
the visual aids be sufficiently visible
to the pilotto provide adequate guidance
for the safe approach of aircraft for
landing

Axis, a horizontal line extending the
center line of the runway through the
approachway, that 1s, in the same
vertical plane as the centerline and
intersecting 1t, or coinciding with 1t
at the approach end

Threshold, a horizontal line perpen-
dicular to the axis marking the ap-
proach end of the runway and also the
vertical plane through this line

Portal, anarea through which aircraft
may be expected to pass lying in the
vertical plane perpendicular to the
axis and 3, 500 feet from the threshold
(The middle marker 1s generally
located 1n this plane )

Glide Path, a path determined by
electronic aids and designed to be
followed by aircraft in landing The
slope varies between 2° and 4°, and
the intersection with the runway lLies
ata distance of from 500 feet to 1, 500
feet from the approach end

Limiting Visibilities

3¢

For the purposes of these require-
ments, two limiting visibilities are
recognized

For directinstrument approaches, the
Limmiting visibility 15 one-fourth mle
daylight object visibility (transmais-
sivity, 0 375 per 100 meters )

For all other approaches and circling,
the limiting visibility 1s three-fourths
mile (transmaissivity, 0 722 per 100
meters )

These operational requirements are
based on visibilities of one-fourth
mile unless otherwise stated

Identification

At all points within the region of
guidance (Section 4), the lights visible
shall be immediately 1dentifiable as
part of an approach light system

At all pownts within the region of
guidance {Section 4), any lights on
e1ther side of the axis shall be im-
mediately distinguishable fromany
lights on the other side of the axis, and
any lights on the axis shall be recog-
nized as such

This i1dentification shall be accomp-
lished without possible confusion with
any means used to mark any portion
of the runway, or with other lights 1n
the area

At all points ocoutside the repgion of
guidance {Section 4), any approach
lights visible shall immediately in-
dicate to the pi1lot that he 1s left or
right, and 1f possible, above or below
the region of guidance respectively

Guidance
Forinstrumentlandings, the region of
guidance shall have the form and di-

mensions shown in Faig 22

At all points within the region of
guidance sufficient lights shall be
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visible to 1ndicate the location and
direction of the axis

Within the repion of guidance, the
location of the threshold shall be
positively identified for a distance of
500 feet

Within the region of guidance 1t 1s
hiphly desirable that sufficient lights
be visible to indicate the following

The approximate height above the run-
way, or, alternatively, the departure
vertically from the glide path

The approximate distance to the thres-
held

The attitude of the aircraft with re-
spect to the hori1zontal plane, both
longitudinally and laterally, provided
the means used shall not detract from
the gpuidance furnished to indicate the
location and direction of the axis and
the location of the threshold

For wvisibility conditions of not less
than three~fourths of a mile, daylight
object visibility, the approach Light
system shall furmsh guidance for a
distance cof three-fourths mle along
any path of the approach within 90°
leftor 90° right of the axis, the vertex
being the intersection of the threshold
and the axis *

For all visibility conditions the location
of the middle marker, or the point on
the axis 3, 500 feet from the threshold
shall be indicated by a flashing light
visible 3, 500 feetunder one-half male
daylight object visibility except with-
inasector directed toward the runway
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and extending 22 5° either side of the
axis

Illumination

The 1llumination provided at points
from which Lights are required to be
visible shall be adequate for visibality
without visual concentration 1n excess
of what 1s readily feasible for a pilot
whose attention must be divided among
several responsibilities

The 1llumination visible at points on or
above the level of the pglide path shall
(There 1s no agree-
ment as to the maximum acceptable
degree of dazzling, and additional ex-

notbe excessive

Perimental resultsareurgently
needed )

Colors

The numbers of different colors used
in approach=-and runway-light systems
should be kept to a minimum to avoid
possible confusion

Characteristics

Atpresent, only fixed lights have been
found satisfactory for guidance to
meet the requirements 1n Section 4

Flashing lights used as auxiliary lights
or satellites may be considered as
meeting the requirements for identi-

fication (Section 3}

b
This 1s aprovisional requirement

based upon currently available information
and 1s subject to verification obtained from
flight tests
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