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THEORETICAL CONSIDERATION OF AN 
IMPROVED GLIDE PATH ANTENNA SYSTEM 

SUMMARY 

A dlscusslon of a null-reference trans- 
mlttmg array for deflnmg a gl,de path 1s given. 
wherem the path angle E prlmarlly determined 
by a null or, the vertical radlatlon pattern of 
a smgle antenna located at a relatively great 
distance above the ground. A modlfler an- 
tenna IS provided to control the path shape 
near the runway Either straight lme or 
c u r ve d path shapes near the bottom of the 
path may be produced. 

The theory lndlcates that the path pro- 
duced by this type of array would be consld- 
erably better than that of the present lnstru- 
mentlandmg system regardmg stablllty under 
condltmns of large snowfall, lmearlty of in- 
dlcatmns with devlatlon from the path, and 
ease of adjus tment of the path shape near 
contact. 

INTRODUCTION 

Fleldexperlencehas shownthatthe 
presentmstrument landmg system glide path 
transrmttx,g antenna array leaves somethmg 
to be desired regardmg the stablhty of the 
pathwhenlargeamounts of snow are present. 
Also. with the further development of auto- 
matlc landmg equipment, ,t appears very de- 
slrable to be able to flare the path Just before 
contact, and this proves to be cumbersome 
with the present antenna arrangement. 

This repartpomts out one lme of attack 

which may be followed to nnprove the char- 
acterlstlcs of the 330 MC gll de path. The 
basic method which 1s proposed mvolves the 
use of a reference pattern and a null pattern 
to determlne the path locatmn. rather than 
amplitude comparrson of the patterns from 
two antennas. 

RELATIVE EFFECTS OF 
LARGE AMOUNTS OF SNOW 

In the case of the present ILS glide 
path, the upper and lower antenna patterns 
can be approximately r e p r e s e n t e d at low 
angles in the vertical plane by the formulas 

F1 = 0.45 sx, 45+ (1) 

F2 = sun 94 (2) 

where 
$1, vertical angle, measured in degrees. 
If we substitute the value 2.6 degrees for 4, 
F1 and F2 have the same value. This 1s the 
condltlon which defines the glide path angle. 

The antennas which produce these “er- 
tlcal p at t e r n s are, at 330 MC located at a 
height above ground of 21.5 feet and 4.3 feet, 
respect1ve1y. Assume there 1s a snowfall of 
four feet. The radlatlon from the lower an- 
tenna then substantmlly vanishes The re- 
mammg sIgna from the upper antenna sup- 
plies “fly-up” signal, but there IS no @de 

Path 
Suppose Instead there 1s a snowfall of 

two feet. Thenthe vertical field patterns “111 
become approxnnately 

F1 = 0.45 sv, 45 $$ $ = 0.45 5x1 40.86 (3) 

F2 = sx, 9 ;+ 4 = sin 4.84 (4) 

It IS found that the ve r tl c a 1 angle at which 
Fl and F2 a r e equal 1s approxnnately 3.5 
degrees. Addltmnal p o in t s of equality. or 
false paths, are found near the vertical angle 
five degrees. No attempt has been made to 
calculate what hap p en s to path shape near 
contact under these condltmns. 

The above conslderatlons are. of course, 
based on a umiorm 1 nc r e a s e in efiectlve 
ground height, all other things bang equal. 
Inactual cases onanalrportwlth snow-movu,g 
equipment scrapmg the snow Into ridges and 
p&s the results are difficult to predxt, but 
probably no less serious. 

In the case of the proposed null and rei- 
erence antenna system, the upper (or null) 
antenna ~111 be at a height above ground such 
as toproduce a null at the desired path angle, 
while the reference antenna “111 be at one- 
half this height. At 330 Mc, these condltlons 
result u, an upper antenna height of 33 feet 
for a 2.6 degree path angle. The lower an- 



tenna would thenbe lb.5 feet above the ground. 
The upper antenna ~111 be excited with 90 and 
150 cps sIdebands from a sldeband generator 
or mechan~calmodulator of the locallzer type. 
The lower antenna would then be fed with 
carrier and reference 90 and 150 cps side- 
bands. In such a system the path angle de- 
pends only on the height above effective ground 
of the upper antenna. Thus. I” the case of a 
two foot snowfall the path angle would change 
from 2.6 degrees to 33/31 x 2 b or 2 77 de- 
grees. In the case of the four foot snowfall 
which would completely destroy the path of 
thepresenttype system, the path angle of the 
null and r e f e r en c e antenna system would 
change from 2.6 degrees to 33/29 x 2.6 or 
2.96 degrees. T hl s Inherently higher path 
stablllty 1s consldered to be one of the ad- 
vantages of the system. 

LINEARITY OF 
DEVIATION INDICATIONS 

In the null-reference system the field 
patterns for low angles I” the vertical plane 
of the upper and lower antennas respectively 
ca” be represented by the formulas 

(6) 

I” whwh, 

4. represents the glide path angle 
The amplztude ratm was made 2 1 to sm,pllfy 
the followng derlvatmn, but It need not “ec- 
essarlly be exactly so I” practxe. 

The upper and lower bear” patterns ~111 
be the reference pattern minus and plus the 
null pattern, respect1ve1y. 

BU=F2-F 
1 (7) 

BL = F2 + F1 (8) 

The magmtude of Fl does not exceed the mag- 
mtude of F2 at any angle $ . Acc:ordl”.@y, 
the deviation current I, which would flaw I” 
themdlcator c1rcu1, should be approxunately 
g’ve” by the formula 

(9) 

and substltutlng above expressmns for BU 
and BL, 

Fl I =- (10) 
F2 

-() 
@ 

=ln 7r 3 0 7-r@ 

nti 

i 1 

= =O= 2 ii ( ) 
(11) 

2s1n TX 

Thus, it 1s see” that the devlatm” current 
would appraxunate a cosine functmn, zero at 
the path angle, and symmetrical above and 
below the path. It would be reasonably linear 
up to devlatlons from path of one half the 
pathangle, or for a 2.6 degree path, the usable 
linear regm” would be plus or ml?“5 1 3 
degrees. This represents a consIderable I”- 
crease I” width of the linear regm” over that 
of the present ILS glrde path. 

MEANS FOR PRODUCING 
A DESIRED PATH SHAPE 

Let us now assume a two-antenna null- 
reference antenna as described above, set up 
500 feet from a runway and having a 2 l/2 
de g r e e path angle This would result I” a 
path of hyperbolic shape. the bottom of the 
hyperbola being about 22 feet above the i-u”- 
way, directly opposite the antenna system. 
To keep the signals from the upper and lower 
antennas I” phase wltb each other all the way 
downthe pathunder these condltmns, It would 
be necessary to displace the upper antenna 
9.6 Inches toward the runway There 1s a 
posslblllty that this displacement could be 
varied to provide path softemng near the run- 
way. I” order to produce any path shape other 
than the hyperbola described prevmusly, It 
~111 be necessary to add a modlfler antenna 
of some sort. The modlfler ~111 be fed side- 
band energy from the same source which feeds 
the upper, or null. antenna, but the height 
above groundof the modlfler xv,11 be approxl- 
mately half that of the upper antenna. The 
horizontal radlatlo” patter” of the modlfler 
s ho uld be s uc h that no energy 1s radiated 
parallel to the runway This means that the 
resultant beam patterns ~111 be substantmlly 
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unmodified. except m the regmn very close 
to the aIrport In dlrectmns other than par- 
allel to the runway , however. the modifier 
radlatmn will combme with that of the upper 
antenna to change the vertical angle at which 
the sldebandnull, and hence the path. occurs, 

To predict the horizontal field pattern 
of the modifier which will produce a given 
desired path shape, It 1s first necessary to 
fmd the relatmn between modlfler amplitude 
and resultmg parh angle Recallmg equatmn 
(5) m which the vertical pattern of the upper 
antenna 1s given as 

Fl = (l/2) 51” 

then the vertical pattern of the modlfler at 
one-half the height IS 

In which, 
M represents the relative modlfler amplitude 
and will be made a functmn of azimuth angle 
Inazxnutb where appreclablemodlfler energy 
1s radmted, the sldeband null and hence the 
path,w~llnolonger occur atthevertlcal 

angle & , but rather at an angle ep, where 
the combmed field pattern of the upper and 
modifier antennas shows zero energy. This 
“on path” condltlon 1s thus represented by 
the equatmn 

Fl -F,=O (13) 

Substituting the prevmus relatmnshlps pra- 
vldes the desrred function whwh shows the 
modlher amplrtude M necessary to produce 
a given path angle $ P, as follows 

(l/Z) sin (57 2)-M sm(5 $f)= 0 (14) 

from whxh, 

(l/Z) 51" x $; 
( ) = co5 

M= slnjEp) (3) (15) 

I 

If the functlbn of path angle b with azimuth 
angle for a desired path shzpe 1s known. It 
1s then p o s s 1 b 1 e to calculate the required 

horizontal pattern of the modlfler For ex- 
ample, in the case of a s t r a 1 g h t line path 
endmg at a pomt of contact directly opposite 
the trasmltter, 

1” which. 
0 1s aznnuth angle, measured from a lme 

parallel to the runway. Substltutlng this 
function for 4 p m equation (15) above, 

M = co5 F co5 8 
( ) 

(17) 

ThIsIs the required horizontal pattern of the 
modifier m this case and happens to be a 
pattern which 1s produced by two m-phase 
elements. spaced one-half wave length, m a 
lme parallel to the runway This modlfler 
patternisplottedand labeled Case I in Fig. 1 
The straight line path produced by this mod- 
lfler 15 plotted and labeled Case I I” Fig. 2. 
together with the unmodlfled hyperbola. shown 
dotted for comparison. 

Suppose we conslder now a more general 
case wh e r e 1 n there 1s a. straight lme path 
ending on the runway at a pomt of contact 
havmg some azimuth less than 90 degrees 
with respect to the antenna array. It can be 
shown that equation (lb) above then becomes 

4pz 4. 
cos (90°- 0 .) 

cos (e + 9o”- 0.) 

where. 

@c 1s the azxnuth of the point of contact. 
Substitutmg agam m the g e ne r a 1 modlher 
equatmn (15) res;lts In a modlfler equation 
for this case as follows 

M = cos 
( 

z 51” ec-9 
(19) 

2 51” 39 c > 

which IS the pattern of two m-phase elements, 
spaced 1 wave lengths ma line 

2 5x3 .gc 

makmg an angle (90” - 0,) with the runway. 
In particular, ,f the azm,uth of the pomt of 
contact @ c 15 taken as 45 degrees, then 



F1g. 1 Possible Modifier Patterns 

M = cos [127 3O s1n (45O - @ ,] (20) 

The modifier pattern 1s plotted and labeled 
Case II 1n F1g. 1. The straight line path 
p r o d u c e d by th 1 s modifier 1s plotted and 
labeled Case II 1n F1g 2 

In the case of curved or flared paths 1t 
1s a good deal simpler to start with a prac- 
t1calmodlfler pattern and determme the path 
shape which would result Empirically, the 
first choice 1s the pattern of two out-of-phase 
elements spa c e d one-half wave length on a 
11ne prrpend1cular to the runway Thus, 

Going backwards to determme the path shape, 
the first step 1s to obtain the path angle 4 p 
as a function of aamuth angle from the an- 
tenna 0 Substltutlng 1n e q u a t 1 o n (15) re- 
sults 1n the equation 

(22) 

which xv111 smpllfy to 

+p = I& (1 - sin 0 ) (23) 

This equation should tE compared with equat1m 
(16), which 1s the similar relation between 

path angle and azimuth angle for a straight 
path 

In order to determine the actual path 
shape with the above modifier. 1t 1s necessary 
to resort to the geometry of F1g 3 In this 
figure the origin of coordinates 15 taken as 
the point on the runway directly opposite the 
antenna erra). The x-ax15 1s the runway 
center line, the y-axis 1s perpendicular to 
the runway, passing through the base of the 
antenna array, and the z-ar1s measures 

alt1iude above ground. The desired pati- 
equation would then be z as a function of x 

The altitude z of any point p on the path 
at a distance x 1s given by the equation 

z= -tan+ (24) 
P 

III which, 
b 1s the distance between the runway center 
11ne and the antenna array. 
Combln1ng equations (23) and (24) 

Z= VZZtan [4o,(l-sin 89)] (25) 

but, 

sin f)= 

V-A 

(26) 

therefore. 
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Fig. 2 Possible Path Shapes 

z = I/xz+az tan (27) 

The angle $, (1 - f&2 ) wlll 

always be quite small: in fact less then & . 

Accordmgly. the angle may be substituted for 
the tangent of the angle 

vmo x4 Z= 
180 (1 - &) 

=40; (i-=-b) (28) 

This 1s the equation of the path and 1s shown 
plotted and labeled Case III m Fig 2. The 
modlfler pattern, equatmn (21). which would 
produce this pathls shown plotted and labeled 
Case III in Fig. 1. 

The path defmed by equation (28) bears 
a s t r 1 k 1 n g resemblance to the unmodlfled 
hyperbolx path. It Is,m fact, that same path 
moved vertically downwards to tangency with 
the runway. This fact can be demonstrated by 
arrangmg equation (28) in the normal form 
for a hyperbola. Substituting k for the 
quantity 4, &, equatlon(28) can be re- 

(z + kb)’ x2 _ 

(kb)’ b2 
(29) 

A LIMITATION OF THE METHOD 

T he r e 1 s a lxnltatlon common to all 
glide paths p r o d u c e d by radmtlon from an 
off-set transmlttlng antenna. The shapes of 
suchpaths are determmed by the lntersectlon 
of the vertical runway plane with a surface 
formed by the radmtlon pattern of the trans- 
mlttlng array. This latter surface 1s neces- 
sarlly c o m p o s e d of straight line elements 
passmg through the base of the transmlttmg 
array. This means. in effect, that one can- 
not do anythlng to the shape of the glide path 
withoutatthe same time changmg the manner 
III which the height of the path varies as the 
airplane maneuvers on the locallzer to the 
leit or right of the course. In general. the 
fartheroutfrom the transmitter one attempts 
to con t r o 1 the shape of the path, the worse 
would sewn to be the effects of this llmltatlon. 

This matter can be illustrated by refer- 
ence to the three cases above calculated. In 
Case I, where the glide path surface 1s a 
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Fig. 3 Geometry 01 the Path Shape 

plane, mtersectmg the g round along a lme 
perpendicular to the runway, there 1s no 
change I., path hezght for devlatmns to the 
left and right of the locallzer. This 1s Ideal. 
However, ,n Case II and Case III, It can be 
seenfrom Fq. 2 that If one departs from the 
lacal1zer course to the extent of, for example, 
ten degrees aznnuthangle measured from the 
@de path transmitter, the hevght of the &de 
path changes by about 16 percent. This amount 
of varmtmn 1s not consldered excess,ve. It 
would probably become excessive. however. 
rf one attempted to push the pomt of contact 
cut 1000 feet or more In front of the trans- 
rmtter. 

CONCLUSIONS 

From the foregomg conslderatmns, It 
a p p e a r s that for the cost of seven or eight 
feetof extramastheqht ,t 1s possible to have 
a &de path which contare several advantages 
over the present type. First, the stablltty of . 
the path angle in changq weather condltmns 
1s almost certam to be supermr Second, the 
usable lmear width of the path 1s about twice 
as great Third, themethodoffers a relatively 
flexlblemeans for adjusting the bottom of the 
path to have a desired flare Just before con- 
tactwhlch should prove valuable ln the devel- 
opment of an automatx landmg system. 


