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SOME EFFECTS OF TERRAIN ON THE NULL-REFERENCE GLIDE PATH SHAPE 

SUMMARY 

Tests glwng data necessary for deter- 
rrnnmg the shape of the Instrument Landing 
System (ILS) &de path were conducted at 
lnd~anapol~s. lnd , St LOUIS, MO, Kansas 
Ctty, MO , and Bmghamton, N, Y Results 
are plotted to show the angular departure of 
the path from a straight line An improved 
antenna tdent~fled as the null-reference 
transmlttlng array was utilrzed in the tests 
At St Lous, tests were also conducted with 
the equsignal glide path system in order to 
compare It to the null-reference system. 
A brief description of the method employed 
for determInIng the glide path shape 1s 
Included 

INTRODUCTION 

The procurement of the null-reference 
transrmtt~ng equpment wh,ch Includes an 
xnproved ghde path1 antenna system was 
lnltlated by CA& Prewous tests verlfled 
the advantages predicted by theoretical 
studies of a sxrnlar null-reference system 2 
The first productlo., umt of the glide path 
transmitter with the improved antenna was 
dehvered to the Techmcal Development and 
Evalnat,on Center for evaluation early I” 
1951 

This report descrtbes the path shapes 
which were produced when the null-reference 
transrmttu,g array was installed at ieveral 
sites Th- sites selectrd were Lambert 
Field. St LOUIS, MO , Kansas City Munlclpal 
Airport, Kansas City, MO , and Broome 
County A,rp”rt, Bmghamton, N Y These 
s,t s are located where the terraxx ,n the 
dlrect,“n “f the propagated path 15 very 

‘Throughout tbls report the term 
“ghde path” 1s used in preference to the 
term “gltdr slopr” to def,ne an lncllncd 
surfacr of signal extcndmg upward at an 
angle to thr horizontal from thr pomt of 
deslrcd ground contact 

2 Chi strr H Watt4 “Theoretical Constd- 
rratlon of an Improved Glide Path Antrnna 
Systrm,” Tpchnlcal Drvelopmcnt K i p o r t 
No 81, March 1949 

1rregulZir The “blect~ve of the tests was 
confined to determxnng the shape of the 
paths The contour of the terran surround- 
~ng the glv3e path station 1s related to the 
resulting glide path shape a5 shown by the 
data presented I” ttns report Adchtlonal 
tests would be requred to estabhshpreclsely 
w,uch characterlstlcs of the terra= were 
responsible for the departures of the ghde 
paths from a straght line 

TEST METHOD 

The path shapes were determmed by a 
method developed at this Center Themethod 
c”ns,sts of makmg simultaneous recordings 
“n Esterhne-Angus recorders of the course 
devlatlon md~cator (CDI) in the aIrcraft and 
“f theodohte observations (taken “n the 
ground) of the arcraft durmg an approach 
on the ILS From these two recordings a 
chart was prepared which accurately Inch- 
cates the path shape 

One recorder, located 1x1 the arcraft 
flymg the ghde path, records course devlatlon 
mcbcatlons while the other recorder. located 
“n the ground, ,s electrxally coupled to the 
vertlcalangle control of a theodolltewhlch 1s 
trackmg the aircraft The speeds of the two 
recorders are carefully synchromzed The 
theodohte recorder 1s adlusted to uxllcate 
zero when the the”d”l,te 1s sighted on the 
arcraft as It 1s flown on course over the 
outer marker This establishes a straght 
lme between the theodohte and an “n-course 
p”s,tl”n over the outer marker Next, the 
sensltlvlty of the ground recorder 1s adJusted 
so that any angular departure of the a,rcraft 
from the “n-course positron “ver the outer 
marker xv,11 show equal amphtude of deflec- 
h”n “n both recorders 

The aircraft makes a sm,ulated ap- 
proach, approxunately down the &de path 
The CD1 recordmg shows departure of the 
arcraft from the null-reference-generated 
ghde path at the .same tx”e that the theodollte 
recordmg shows departure of the arcraft 
from a theoretical straght lone in space 
established by the theodollte If the ghde 
path has bends and If the arcraft 1s flown 
along the straight lmc which theoretIcally 
defmrs the gild? path, the CD1 recordmg will 
lndlcate path shape If the approach 1s made 
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w,th the CD1 exactly centered. the theodohte 
recard,“g w,ll correspond to path shape In 
any pract,cal case the CD1 ,s not exactly 
centered dunng the approach, and the a,r- 
craft does not follow a” exact straight lme 
In such a case. the path shape ,s determmed 
bysuper,mpos,ng elther the ground recordmg 
or the a,rborne record,ng upon each other 
The ampl,tude d,ffere”ce of the two recordings 
1s a measure of the angular departure of the 
actual path angle from the theoretIca path 
angle Th,s d,fference 1s thenplotted as gl,de 
path shape ,” terms of angular departure from 
the theoret,cal straght l,“e versus hor,zo”- 
tal d,stance I” feet from the end of the run- 
way Th,s system has a” Important advan- 
tage I” that the accuracy 1s not affected If 
the p,lot does not keep the CD1 centered 

TESTS AND RESULTS 

Two prehnnnary fhght checks were 
made at Indxanapolls The statlo” locatIon 
,s ,nd,cated by S,te A, F,g 1 The terra,” 
with,” 500 feet of the antenna ,s relatively 
flat except for the ,rregulant,es produced 
by two road grades One road IS perpen- 
d,cular to the d,rect,o” of proJect,o”, ap- 
prox,mately 20 feet I” front of the antennas, 
the other road grade 15 parallel to the d,rec- 
tlon of pro,ect,o” and 1s located between the 
s t at , on and the ru”wav, approx,mately 
100 feet east of the statto”, tv., feet above 
the average grade, w,th ditches on either 
s,de 18 Inches belov. average grade level 
A row af approach 1,ghts crosses the path of 
PrOJCCtlO" d,ago”ally, at a pant 900 feet 
from the stat,on I” the d,rect,o” of gl,de 
path proJectIon 

The path shape curves show” I” F,g 2 
,vere obta,“ed from the prel,m,nary flights 
They were made on d,fferent days and show 
close corre1at,on A prom,nent devlatmn 
from a stra,ght l,ne occurs on both curves 
at apprax,mately 12,000 feet from the end of 
the runway At th,s s,te there ,s a”t,c,pated 
add,t,onal work, some of \uh,ch w,ll be 
dIrected toward determ,“,“g more def,“,tely 
the cause of these ,rregular,t,es ,” the path 
shape 

In June 1951, the Type TUS system 
wh,ch ,“cluded a transmitter and a null- 
reference antenna were moved to Lambert 
F,eld. St LOUIS. MO The sites and the 
surrou”d,“g terra,” are shown ,n F,g 3a 
The area ,mmed,ately I” front of the statlo” 
(,” the d,rect,o” of ghde path prOJeCtlO") 
was qute smoothly graded ProfIles of th,s 
area are show” I” F,g 3b A h,ll 50 feet 
h,gh lay I” the d,rect,o” of PrOJeCtlO" and 
apprax,mately 2.000 feet from the station 
Another h,ll 100 feet h,gh lay at approx,- 

mately 10,000 feet from the statlo” I” the 
s am e d,rect,on A small sheet-metal 
bwldmg was located 1,500 feet north of the 
statlo” F,g 4b shows a cross sectlo” of the 
terra,” along the approach path 

The Type TUS equpment ,s des,gned 
to produce a ghde path which ,s essentmlly 
straght. wh,ch has no flare, and wh,ch ,f 
projected would contact the ru”way at the 
,ntersectlon of the base 1,“e and the center 
1,ne of the runway The slope “ear the 
bottom end of the path and the locat,o” of the 
touchdownpomt are controlled by the amount 
of mod,f,er power rad,ated Due to the 
var,at,on I” he,ght of the antenna above the 
wheels of the arcraft. the touchdown po,“t 
has been defmed as the pant where the ghde 
path ,s 12 feet above the center 1,ne of the 
runway The distance between the touchdown 
po,nt and the base 1,ne ,s a fu”ct,o” of the 
angle of the &de path The des,red mod,f,er 
power ,s def,“ed as the power whIchproduces 
a ll-foot touchdown at a spec,f,ed d,sta”ce 
from the base 1,“e 

The &de path shapes shown 1” F,g 4a 
were obtaned when the gl,de path stat,o”wvas 
located at S,te A It ,s of Interest to note that 
th,s path shape produced w,th power re- 
moved from the mod,f,er antenna 1s con- 
aderably rougher than those produced w,th 
power appl,ed to the mod,f,er Further tests 
would be necessary to form any conclusions 
regard,“g the cause of th,s phenomenon 

S,te B produced the path shapes show” 
,“F,g 5 These path shapes are better, ln 
general, than those obtaIned when the statlo” 
waz. located at S,te A Paths produced w,th 
the statlo” at S,te A are somewhat rougher 
and exh,b,t a tendency to d,ve toward the 
runway from a pant 8,000 feet from the end 
of the runway The important d,fference 
betwer” the two s,tes ,s that S,te B ,s 268 feet 
farther from the 50-foot h,ll than S,te A 
The results of a probe of the ghde path along 
the center 1,“~ of the runway are show” I” 
Fig 6 

I” September 1951. a fl,ght check was 
made on a Type CRN-2 eqwagnal &de path 
stat,o” located at S,te B, Lambert F,eld The 
measured gl,de path shapes are shown ,n 
F,g 7 I” each of the three shapes shown. 
the angle of the path ,“creases as ,t ap- 
proaches the end of the runway Th,s ,s the 
reYerse of the null-reference gl,de path 
charts wh,ch show ather a constant angle or 
a decreasing angle “ear the runway The 
paths produced by the equ,s,gnal system arc 
no rougher than those produced by the “ull- 
referenrc system 

I” Aug”“t 1951, t1,c null-reference 
gl,de path system was ,“stnllcd on 9 “c\v 
runway at Kansas C,ty M,,,,~c,p.,l A,rport 
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The locatIon of the &de path station 1s 
shown ,n ~‘lg 8a The ground plane sloped 
upward both toward the runway and ,n the 
dlrectlon of glide path PrOJeCtIOn Durmg 
the first se~les of tests, the ground plane 
was uneven because of ridges of earth 
18 Inches high runnmg parallel to the d,rec- 
tlon of pW3JKtlOn and extendmg 500 feet out 
from the base of the antenna A later se~1es 
of tests was made after these rldgrs of 
earth had been leveled and after some heavy 
earth-mavmg machmery and large concrete 
nxxers had been moved several hundred feet 
away from the lme of &de path prOJeCt,On 
Attentmn 1s chrected to the raIlroad switch 
tracks shown in Fog 8a Durmg most of the 
tests, long lines of fraght cars stood on the 
switch tracks A large steel gram elevator 
was located to the northeast Just beyond the 
range of the map. As the contours show. 
there was also a constderable &scontmulty 
I* the ground plane caused by the levee and 
rover at the end of the runway Fig Bb 1s 
a profile of the ground plane ,n front of the 
antennas i+g 9 was obtamed by probmg the 
ghde path along the center lme of the runway 
The maxnnum varlatlons from a straght 
lme glide path are not more than one foot 
along this portmn of the path 

The &de path shapes obtamed on 
August 9 and 11, shown in Fig 10, are 
mslgmflcantly chfferent from those obtamed 
on September 19, shown ,n Fig lla, although 
the terram on the latter date had been 
altered as described above Hence It may 
be concluded that the ridges of earth and 
machmery rhd not produce slgmflcant 
roughness ,n the &de path It can also be 
pomted out that a 200-foot In11 that IS 
10,000 feet from the transrmtter does not 
produce an unflyable gltde path Fig llb 
shows a proflle of the terram beneath the 
glide path out to 30,000 feet from the end of 
the runway 

OnOctober 15, 1951,the null-reference 
gltde path was moved to Broome County 
AIrport near Bmghamton. N Y This a,=- 
port 1s I,, rough country with BOO-foot 
mountans m all chrectmns from the XT- 
port The null-reference system was tried 
at three sites which are ,ndlcated by A, B, 
and C of Fig 12 Fig 14 1s the ghde path 
shape obtamed 11, two fhghts with the null- 
reference ghde path statmn at Site A This 
figure 1s noteworthy because of the way that 
the roughness between 6,000 and 10,000 feet 
from the statmn 1s duplicated on a second 
fhght There 1s sufflclent evtdence that the 
sharp chscontmmty ln the ground plane 
located dxectly in front of the statmn, as 
shown 1.1 Fig 13. 1s the cause of tins rough- 
ness Fig 15 shows the results of probmg 

with a telescopmg mast along the center hne 
of the runway Previous results obtamed 
with the equxvgnal glide path system 
exhtb,ted ,rregularltws v/Inch made this 
site unacceptable 

The glide path shape produced when 
the statmn was located at Site B 1s shown I* 
Fig 16 Th,s site d,d not produce an accept- 
able ghde path although It was relatively 
smooth and straght from the outer marker 
to approxmxately 2,000 feet from the theod- 
ollte. winch distance was as close as the 
arcraft could be accurately tracked If 
trackmg could not be mamtaned to 0 1’ or 
less, It was not consIdered to be sufflcwntly 
accurate It was I,, the region near the end 
of the runway that the pilots found unflyable 
roughness II-, the glide path Fig 17 shows 
the results of probmg along the center lme 
of the runway with a telescopmg mast When 
the on-course mdlcatlon of the gltde path 
could no longer be reached with the probe, 
the bottom of the course (150 rmcroamperes 
of “fly up” signal) was plotted, antlclpatmg 
that the extreme roughness reported by the 
pilots would be evident From these results 
It 1s evident that the roughness was between 
1,300 and 2,300 feet from the theodohte 

When the statlon was located at Site C. 
the &de path proved acceptable when flight 
tested The graphs are shownin Fig I&, 
whole Fog 18b shows the approach area 
ground profile Fig 19 shows the results of 
probmg along the runway when the ghde path 
statmn was at Site C As may be seen from 
Fig 12. this locatIon would require speaal 
attention for the morntor posltmn and prob- 
ably would reqmre the closmg of the taxlway 
which 1s directly III front of the station 

CONCLUSIONS 

From an lnspectlon of the results of 
the tests made at St LOUIS It 1s concluded 
that. while the terrain affects the shape of 
the null-reference-generated path system 
differently than that of the equlslgnalsystem, 
there 1s no evidence that these effects are 
more adverse to one system than to the 
other 

The results mdlcate that the rise in 
the terram approximately 1,600 feet III the 
dlrectlon of propagat,on from the site does 
not constitute an unacceptable obstructmn, 
however, the Influence of th,s obstruct,an 
can be seen by notmg the xnprovement ,n 
gltde path shape when the statIon was moved 
from Site A to Site B 

From the Kansas City results, ,t 1s 
concluded that the terram ,n the chrectlon 
of PrOJeCtlO,, from the stahon and out to a 
distance of approxm,ately 800 feet does not 
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require careful gradmg The glide path shape 
produced when this area contained ndges 18 
to 24 mches high was essentlallythe same as 
that produced when thus area was smoothly 
graded It was also noted at Kansas City 
that heavy machmery located 1,200 feet m a 
dlrectlon directly ahead of the statmn had 
only negllglble effect on ghde path shape 

The results at Bmghamton lndlcate 
that when the terram drops off sharply 
500 feet In a dIrectIon of proJectIon from the 

statlon, the glide path shape IS unacceptable 
If a sharp drop In the terraln occurs at a 
distance of 1,500 feet In the dIrectIon of pro- 
Jectmn from the statIon. the ghde path shape 
1s neghglbly affected 

From the Binghamton and Kansas City 
tests, It appears that neither hllls ZOO feet 
high nor valleys 400 feet deep located be- 
neath the approach path and two rmles or 
farther from the end of the runway cause a 
ghde path to be unacceptable 
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SCALE ,N FEET 

r.. LC*l<.L n c-II 

FIG 3~ SITES SELECTED FOR GLIDE PATH STATIONS 
LAMBERT FIELD. ST LOUIS, MISSOURI 



FIG 40 NULL-REFERENCE GLIDE PATH COURSE SHAPES, 
,*l.l.a,i -.., 

LAMBERT FIELD, ST LOUIS, MISSOURI 

FIG 4b APPROACH AREA GROUND PROFILE, LAMBERT FIELD, ST LOUIS, MISSCuRl 



FIG 5 NULL-REFERENCE GLIDE PATH COURSE SHAPES. SITE B 
LAMBERT FIELD. ST LOUIS, MISSOURI 
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FIG 80 SlTE SELECTED FOR GLIDE PATH STAl 
MUNICIPAL AIRPORT. KANSAS CITY, MISSOURI 
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FIG 14 NULL-REFERENCE GLIDE PATH COURSE SHAPES, SlTE A ‘ml*mu’“o’ll* 
BROOME COUNTY AlRPORT, BINGHAMPTON, NEW YORK 

FIG I5 PROBE OF THE NULL-REFERENCE GLIDE PATH COURSE SHAPES, SITE A 
BROOME COUNTY AIRPORT, EINGHAMPTON, NEW YORK 
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