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PERSPECTIVE ANALYSIS OF APPROACH LIGHT PATTERNS 

SUMMARY 

This report describes the perspective 
studle s of eight different approach llghtmg 
systems Twelve studies of each system 
were made s ho x.1” g how each pattern xv.111 
appear to the pllot who 1s letting down on the 
p rope r approach path or on one of several 
erroneous paths Four of these studies 
assume unlnmted vlslb,llty while the remal”- 
Ing eight assume that the approach lights are 
vls,ble for appraxmately 1,000 feet only 

The effect of cockplt cut-off 1s not 
show” on the perspective sketches Instead. 
co c kp 1 t cut-off templates are Included for 
three types of transport arplanes These 
templates may be placed over the perspective 
drawings to show the cut-off effect 

The slope lme system furnishes rn3re 
a c c u r a t e mformatlo” than any of the other 
systems Those systems with special devices 
to mdlcate attitude give good lnformatm” on 
attitude and usually g>ve a good lndxatlo” of 
lateral pos,tm” with respect to the approach 
ax15 The bars I” the Calvert system give 
the best lndlcatm” of attitude The single row 
systems, as well as some of those systems 
of two or more row5 of paint source5, may 
furmsh ambiguous lnformatlo” None of the 
systems except the slope lme systemfurn- 
lshes any reasonable mdlcatm” of altitude 

Use of studies such as these ~111 not 
ellmlnate the need for field testing of approach 
light systems, but ~111 furnish consIderable 
prelKn1nary lnformatlo” f 0 i- eng,neers en- 
gaged 1” deslgnmg or lnstalllng the”, Fur- 
ther use may be made of the”, for prelmunary 
mstructmnfor pllots flying a” approach light 
system for the first tune 

INTRODUCTION 

T he r e 15 considerable dIsagreeme” t 
among pilots, engmeers, and others as to how 
much lnformatm” an approach light system 
should furmsh I” order that a pilot may land 
an arplane safely under poor vlslbllltv con- 
dltmns home contend that dIrectIona gud- 
ante alone 1s sufflc>e”t. while others belleve 
that lateral posItlo” and attitude must be I”- 
dlcated also St111 others belleve that an I”- 

dlcatmnofattltude 1s not necessary It 1s not 
the purpose of this report to enter Into any 
such controversy, but to analyze each of se”- 
eralpraposedapproachhghtpatterns I” order 
to determIne how much accurate mformatmn 
each patter” ca” furnish to the pllot 

Anapproach l,ght system should furnish 
accurate and u”m,stakable Informatlo” eve” 
when only a short portm” of the patter” 1s 
vlslble It should not requre that the pllot 
supplement this lnformatm” by reference to 
the groundorhorlzo” If dependence must be 
placedonsuchoutslde reference, the approach 
lights become IneffectIve under condltmns of 
poor vlslblhty It also 1s undesirable to re- 
qure the p 11” t to refer to his Instruments 
after seemg the approach lights, since at a 
speed of 120 mph the lights ~111 be I” view 
only 17 seconds It also 15 dlfflcult for the 
pllot, after seeing lights, to re-direct his 
attentmn to his instruments 

Obvmusly, the approach 1 I g h t pattern 
~111 appear dlffe rent when vIewed from a dlf- 
ferentposltmnaratt~tude Itls thIsdIfference 
of appearance on which the pllot must depend 
to deternune his posltm” with respect to the 
approach path and his attitude It IS essent,a1 
that the appearance or the patter” be easllv, 
quckly, and accurately Interpreted by the pilot 

USE OF PERSPECTIVF CO-ORDINATES 

The developmentof a set of perspective 
co-ard,“ates byE S Calvert, Royal AIrcraft 
Estabhshmenr Farnsborough, Hants, England, 
makes It a relatively easy matter to pro,ect 
po,“ts from a horizontal plane on to a vert,cal 
plane, glv,“g a true perspectxve view of the 
horizontal p 1 an e The perspective studies 
made ““these co-ordinates are I” exact pro- 
portm”,provlded they are held vertically and 
are vrewcd from a point 25 cn,s (approxrnately 
10 I”) directly opposite the left one of the 
two small circles ihow” on each perspectlr c 
study 

The cut-off diagrams (Figs 105 through 
107) ca”beadIustedontheperspectlve studlrb 
by plac,“g the lower vertices of the two trl- 
angles located at the top of thr cut-off dla- 
gram directly on the two small circles Thr 
cut-off diagrams also are made on perspective 
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co-ordmates and canbe usedonly on perspec- 
tfve sketches made to the same scale The 
cut-off diagrams are not complete, except for 
thatportmn which 1s nnportsnt to the pllat in 
makmg a landmg Smce this report deals only 
superflclally with cockplt vlslblllty, and then 
only ins of a r as cut-off affects vlsfblllty of 
approach lights, the cut-off diagrams co”er 
the area 30” left and right from the p&t fn a 
forward and downward dIrectlo” only 

Table I mdfcates the pllot’s lateral posl- 
tmnwlth respectto the approachpath. dfstance 
iron, threshold, altitude, and attitude for each 
as s “me d sltuatmn used m the perspectlre 
analysis. For the cases of assumed low v1.s.1- 
blllty, thepllotls shown to be 3,000 feet from 
the threshold The height of the glide path 1s 
180 feet at that pomt For cases of assumed 
unllmltedvlslbllltythepllotis 3,500 feet from 
the threshold m all sltuatfons The height of 
the glade path 1s 200 feet at this pomt The 
perspective sketches are purposely ldentffled 
only by a sltuatlon code so that the reader can 
study each pattern with a n-nnxnum of fore- 
knowledge and preconceptmn The reader 1s 
thus presented with the same vfsual evidence 
8s the p&,t has at his disposal, and can make 
h,s own estnnate of the attitude and posltmn 
of the airplane before he refers to Table I 

AXIAL SINGLE LINE 
APPROACH LIGHT SYSTEM 

A plan “lew of the smgle lme approach 
pattern 1s shown m Fig 1 The lfghts ure 
shown on the extended centerlme of the run- 

=-Y As mallpatterns, the longftudmal spac- 
mg was taken e.s 100 feet The perspe&“e 
sketches are mcludedm Figs 2-13 mcl The 
effect of an offset smgle row may be studned 
by covermg one row of the double row system 
shown fn Figs 14-26 lncl From the smgle 
lme pattern the pIlot’s only mdlcatmn as to 
his altitude 1s a small varlatfon in the visual 
angle subtended by successfve pairs of lfghts 
Comparzon of Figs 10 and 13 ~111 show vnrfu- 
tton I” v,sual angles for a difference in altitude 
of 100 ieet Comparison of Figs 6 through 
13 ~111 show that the prlot can get no defmlte 
Information BS to attitude andlateral posftlon 
with r e s p e c t to the axis The perspective 
v,ews of thts pattern appear ldentlcal for the 
cases where the pllotls off the axis and where 
the attitude 1s notlevel but compensates vxu- 
ally with the displacement Ffg 12 Illustrates 

that It 1s entirely possible for a combmatlon 
of the two errors to make the pattern appear 
us It would If the pllot were on course with 
a level attitude 

DOUBLE ROW APPROACH LIGHT SYSTEM 

Durmg several months of 1948 the par- 
allel row system, as shown I,, Ffg 14, wi 
used as nn mterlm standard approach light 
system, wh& that and various other system 
were undergomg tests Perspectfve “lews of 
this pattern are given fn Figs 15 to 26 mcl 
On this pattern, 8s m most parallel row pat- 
terns, altitude IS estunated by the appar 
angle of convergence of the two rows of hghts. 
Errors InattItude and nn lateral posltnx, both 
give aperspectl”epatter”of one row of light 
forrmng a more acute, and the other row B 
less acute angle with the path of flqht Fig 
25 shows a sltuatmn where the errors ln attl- 
tude and lateral posltlonappear to cornpen ~. 
oneanotherandresultm a perspective some- 
what snmlar to that m Fig 23. 

As prevmusly stated, the offset snt-’ 
rowmay be studled by coverrng the right hi ’ 
row of lights fn Figs 15 to 26 mcl 

DOUBLE ROW APPROACH LIGHT SYSTEM 
WITH SATELLITES 

A sketch of a double row approach &hi 
system wfth satellftes 1s shown in Fig 27 
Thfs pattern IS snmlar to the one prevfo *, 
described. except that a row of satellites hr 
been added to each row ten feet farther out 
from the ~~1s 

A study of Figs 30, 32, 33, 34, 35, 37, 
and 38 ~111 show that the addltmn of satellites 
facflltates determmatlon of attitude Lat -’ 
posftmnwlthrespectto theapproach path may 
be determmedas long 8s the attitude 1s level 
When the attftude 1s not level the pattern da 
not fndxate lateral posltlon clearly 

FUNNEL APPROACH LIGHT SYSTEM 

Fig 40 1s a plan “lew of the funnel ap- 
proach light system Perspectfve studies of 
th,s pattern are Included I” Fqs 41 through 
52 The perspective patterns of thlb sym 
are sm-,&,r to those of the double row with- 
outsatellltes Because of the convergence ot 
the rows of the funnel system, the perspectr” 
“111 show less acute angles between the p 
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of flight and each row than the double row 
placed parallel to the axis 

THE SLOPE LINE 
APPROACH LIGHT SYSTEM 

A sketch of a portmn of the slope lme 
system 1s shown 1n Fig 53 The mdlvldual 
fmtures are approxmately 14 feet long and 
are deslgned to be seen as a bar of light The 
* tnres are mounted I,, pairs with a loo-foot 
’ ,ngltudmal spacmg Each fixture 1s set out 
from the 3x1s a horizontal distance equal to 
the height of the approach path The two con- 
vergmg rowsof lights then defme two slopmg 

‘-neq which Intersect at a 90” angle along 
’ p approach path The spacmg between the 

bases of the first par of fmtures 1s 360 feet, 
xnce the height of the glide path 1s 180 feet 

at that pomt If one row of lights 1s mewed 
from a point anywhere ,n the plane of that row, 
all of the lxghts in the row ~111 appear to fall 
in the same straight lme If the row of lights 

s wewed from a pomt above Its plane, the 
’ ghts ~111 fall Into echelon with the tops of the 

arer bar of light fallmg on a lme below the 
se of the succeedmg light Conversely, If 

’ P row 1s vlewedfrom a pant below Its plane, 

he top of the nearer bar of lights appears to 
all on a lme above the base of the succeed- 
ng light 

The space surroundmg the approachpath 
s dlwded Into four quadrants by the two mter- 

sectlng planes of the two rows of lights There 
.re nine characterlstx patterns formed by 
hese lights when wewed from various posl- 

8,s wthrespectti these co-ordmates F% 
,3A illustrates nine mmlature perspective 

ews supermposed on the quadrants formed 
by the mtersectmn of the planes of the two 
rows of hghts Th,s xllustratmn 1s schematIc 
md 1s not drawn to scale The dot located 
above the perspectxve sketch shows the loca- 
tlonof thepllotwlth respect to the axes of the 
our quadrants 

Figs 54 and 55 show the difference in 
the appearance of the patterns when seen from 
he approach path and from above the approach 
>ath under condltmns of good vxzlblllty Figs 
>2and65 compare the appearance of the pat- 
ern when seen from the approach path and 
ram below the approach path re\pectlvely 
-1~ 58 shows the appearance of the pattern 

s seen by a pllotwho 1s on the approach path, 
but whose airplane 1s banked 20” to the right 

F,g 60 Illustrates the same sltuatmn. except 
thatthepllotls 100 feet to the left of the axis. 
F,gs 63 and 64 make ,t clear that errors III 
lateral posltmn with respect to the a.xls, and 
in attitude. do not appear to compensate in 
perspective 

PATH OF FLIGHT 
APPROACH LIGHT SYSTEM 

The path of flight system shown in Fig. 
66has two parallel rows of lights wvlth satel- 
lltes, s,mllar to the double row system of 
F,g 27, plus two add,tlonal rows, also with 
satellites. locatedon reverse curves of lO,OOO- 
foot radu At the approach portal the lights 
of the curved rows are approxnnately 300 
feet irom the ax1.s. The chxf functmn of the 
curved rows 1s to furmsh a curved path which 
a pllot, who 1s off the axis, may follow ln 
TheoretwJly, any row which 1s seen may be 
followedby the pllot As a secondary iunctlon, 
the curve d rows furnish a wider approach 
portal, the w,dth bang ,n this case approxl- 
mately600feet The satellites not only allow 
determmatmnoiattltude, but also furnish I=- 
formatmn to help the ldentlflcatmn of the row 

MULTI-LINE APPROACH LIGHT SYSTEM 

Fig 79 1s a diagram of the multi-lme 
approachllght system As mthe path of fllght 
s y s t e m, the multi-lme system furmshes a 
wide r approach portal by addltmn of more 
row> of lights Altitude, lateral posItIon with 
respect to the axis, andattltude are determuwd 
in the same way as in the double row system 

F,gs SOand 81 compare the pattern for 
cases oi’bncourse”and”too hlgh”approaches 
Figs 88and91 compare the pattern for cases 
of (‘or, course” and “too low” a p p r o a c h e s 
Fig 89 shows the pattern when the pllot 1s 
100 feet to the left of the axis with the airplane 
banked2O”totheleft Fig 90 shows the same 
sltuatmn, except that the airplane 1s 65 feet 
above the glide path This system may be 
rmsmterpreted under the same condltlons as 
the double row system 

CALVERT BAR 
APPROACH LIGHT SYSTEM 

A planwew of the Calvert bar approach 
light system 1s Illustrated in Fig 92 The 
system 1s essentially a smgle row on the cen- 
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ter lme with horizontal bars added at right 
angles to the center lme The light units on 
the center lme are essentially pomt sources, 
while the units m the cross bars were con- 
sldered to be approxmnately one foot high and 
twofeetwlde The spacmg of the un1t.s wlthm 
the bar was estimated 

Comparison of Figs 93 with 94, and 
Figs 101 wulth 104 ~111 mdlcate the varmtmns 
m perspective for different altitudes Figs 
97, 99, and 102 show perspective mews for 
correspondmg lateral posltmns and attitudes 
at higher altitudes This system furmshes 

‘the best mdlcatmn of attitude 

CONCLUSIONS 

A ny of the systems consldered m this 
reportiurmsh adequate dlrectmnal guidance. 
prowdedattltude 1s level. Except m the case 
of the slope lme hghts. those patterns which 
mclude satellites or cross bars for horizontal 
referencefurnish better dlrectmnal guidance 
thanthosewlthoutahorlzontalreference The 
slope lme system furmshes the sharpest m- 
dlcatmn of dlrectmn 

None of the systems furmshes an accu- 
rate mdicatmn of altitude, except the slope 
lme T ho se patterns of two or more rows 
allow the pllot to make rough estxnates of 
altitude based on apparent angle of conver- 
gence of the rows Llkewwlse. in the Calvert 
system a rough estimate of altitude may be 
made when two of the cross bars are seen 
simultaneously The smgle row system ~111 

furmsh no mdlcatmn of altitude 
The horxontal cross bar of the Calvert 

systemiurmshes the bestmdlcatmndattltude 
Those systems havmg satellites also iurmsh 
good mdxatmns of attitude Other systems 
of two or more rows give a reasonable mdl- 
catmnoi attitude when seenfrom directly 
above the extended center lme of the runway 
Inthe case of one or more rows of pomt source 
lights wlthout satellites or cross bars, any 
lateraldevmtmnfrom the approach axis pro- 
ducesapatterndlstortlon smmlartothat 
causedhyanerrarmattltude Although there 
are no erroneous mdlcatmns in the patterns 
of the slope lme s y s t e m, determmatmn of 
attitude 1s dliilcult from any posltmn other 
than a point near the approach path Any of 
the systems, not already havmg good mdlcatmn 
of attitude, couldbe mnproved by adding horl- 
zontal cross bars 

Only the slope lme system ~111 furrash 
accurate mformatmn as to 1 ate r a 1 posltmn 
with respect to the approach axm regardless 
of attitude Those systems havmg cross bars 
or satellites furmsh good miormatmn as to 
lateral posltmn, provided the attitude of the 
airplane 1s level. The remammg systems 
wlthout satellites or cross bars can furrash 
ambiguous mformatmn because the effect of 
an error inlateral posltmn may be cancelled 
by the effect of an error m attitude Except 
m the case of the slope lme 11 gh t s. those 
systems of two or more rows must resort to 
colors to differentlate between rows or groups 
of rows 
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Fq. 1 Dmgram of Smgle Lme Approach Light System 
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AXlS 

100 ft Left of Axis 

100 ft Left of Axis 
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100 ft Left of AXIS 
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Attitude 
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TABLE II 

COMPARISON OF INFORMATION FURNISHED BY EACH APPROACH LIGHT SYSTEM 
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att,tude 1s 
known 

Adequate 

Altitude 

Inadequate 

Inadequate 

Inadequate 

Inadequate 

Inadequate 

Adequate 

Inadequate 

Inadequate 

Inadequate 

Attitude 

Inadequate Indl- 
catmn may be con- 
fused w,th error ,n 
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