[ L

68
-1

o 5

v
[

THEORETICAL CONSIDERATION OF

AN IMPROVED GLIDE PATH
ANTENNA SYSTEM

By
Chester B Watts

Radio Development Division

Technical Development Report No 81

CIVIL. AERONAUTICS ADMINISTRATION
TECHNICAL DEVELOPMENT
INDIANAPOLIS, INDIANA
March 1949

.
1

| S
(4]

- [

PI9T. L.

v I e e



TABLE OF CONTENTS

Page
SUMMARY, ., . . . . . . . . s 2 e . 1
INTRODUCTION ., . - . - . .
RELATIVE EFFECTS OF LARGE AMOUNTS OF SNOW, .
LINEARITY OF DEVIATION INDICATIONS .
MEANS FOR PRODUCING A DESIRED PATH SHAPE, . . ‘.
A LIMITATION OF THE METHQD
CONCLUSION



Manuscript received, February 1948



THEORETICAL CCONSIDERATION OF AN
IMPROVED GLIDE PATH ANTENNA S5YSTEM

SUMMARY

A discussion of a null-reference trans-
mitiing array for defining a glide pathis given,
wherein the pathangle 1s primarily determined
by a null in the vertical radiation pattern of
a2 single antenna located at a relatively great
distance above the ground, A meodifier an-
tenna 1s provided to control the path shape
near the runway Either straight line or
curved path shapes near the bottom of the
path may be produced.

The theory indicates that the path pro-
duced by this type of array would be consid-
erably better than that of the present instru-
mentlanding system regarding stabality under
conditions of large snowfall, lainearity of in-
dications with dewiation from the path, and
ease of adjustment of the path shape near
contact,

INTRODUCTION

Field experience has shown that the
presentinstrument landing system glide path
transmitting antenna array leaves something
to be desired regarding the stability of the
path whenlarge amounts of snow are present.
Also, with the further development of auto-
matic landing equipment, 1t appears very de-
sirable tobe able to flare the path just before
contact, and this proves to be curmmbersome
with the present antenna arrangement.

This reportpoints out one line of attack
which may be followed to irmprove the char-
acteristics of the 330 Mc glide path. The
basic method which 1s proposed involves the
use of a reference pattern and a null pattern
to determine the path location, rather than
amplitude comparison of the patterns from
two antennas,

RELATIVE EFFECTS OF
LARGE AMOUNTS QF SNOW

Inthe case of the present ILS plide
path, the upper and lower antenna patierns
can be approxirmately rTepresented at low
angles 1in the vertical plane by the formulas

F, = 0.45 sin 45¢ (1)
F, =sm9¢ {2)
where

¢1s vertical angle, measured 1n degrees.,
If we subsuitute the value 2.6 degrees for ¢,
F| and F; have the same value. This 1s the
condition which defines the glide path angle.

The antennas which produce these ver-
tical patterns are, at 330 Mc located at a
heipht above ground of 21.5 feet and 4.3 feet,
respectively. Assume there 1s a snowfall of
four feet. The radiation from the lower an-
tenna then substantially vanishes The re-
mawning signal from the upper antenna sup-
plies ''fly-up' signal, but there 1s no glide
path

Suppose instead there 1s a snowfall of
two feet. Thenthe vertical field patterns will
become appreximately

F| = 0,45 sin 45 ;‘192 ¢ = 0.45 sin 40.8¢ (3}

F; =sin 9 E:—i = sin 4,8¢ (4)

It 15 found that the vertical angle at which
Fi and F; are equal 1s approximately 3.5
degrees, Additional points of egquality, or
false paths, are found near the vertical angle
five degrees., No attempt has been made to
calculate what happens to path shape near
contact under these conditions,

The above considerations are, of course,
based on a unmiformincrease 1n effective
ground heipght, all other things being equal.
Inactual cases onanairport with snow-moving
egquipment scraping the snow into ridges and
Piles the results are difficult to predict, but
probably no less serious,

In the case of the proposed null and ref-
erence antenna sysiem, the upper {or null)
antenna will be at a height above ground such
as to produce a null at the desited path angle,
while the reference antenna will be at cne-
half this height. At 330 Mc, these conditions
result 1n an upper antenna height of 33 feet
for a 2.6 degree path angle. The lower an-



tenna would thenbe 16.5 feetabove the ground,
The upper antenna wall be excited with 90 and
150 cps sidebands from a sideband generator
or mechanical modulator of the localazer 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, 1n the case of a
two foot snowiall the path angle would change
from 2.6 degrees to 33/31 x 2 6 or 2 77 de-
grees. In the case of the four foot snowfall
which would completely destroy the path of
the presenttype system, the path angle of the
null and reference antenna systern would
change from 2.6 degrees to 33/29 x 2.6 or
2,96 degrees. This inherently higher path
stability 1s considered to be one of the ad-
vantapes of the system.

LINEARITY OF
DEVIATION INDICATIONS

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

Fl = (1/2) mn(ﬂ'g ) (5)
FZ. = Sln(v—; go) (6)
1n which,

¢, represents the glide path angle
The amplitude ratic was made 2 1 to simplify
the following derivation, but 1t need not nec-
essarily be exactly so i1n practice.

The upper and lower beam patterns will
be the reference pattern minus and plus the
null pattern, respectively,
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The magnitude of F| doesnotexceed the mag-
nitude of F,; at any angle ¢ . Accordingly,
the deviation current 1, which would flow 1n
the indicator circul should be approximately
given by the formula

_BL -By

= (9)
B; + By

I

and subsfituting above expressions for By
and By,

1-_—L (10)

_Sm(” %o) :COS(EE) (11)
o, (E 2) 2
51in 2 ¢o

Thus, 1t 15 seen that ithe deviation current
would approximate a cosine function, zero at
the path angle, and symmetrical above and
below the path. It would be reasonably linear
uptodeviations irorm path of one half the
pathangle,orfora 2,6 degree path, the usable
linear region would be plus or minus 1 3
degrees. This represents a considerable in-
crease1in width of the lanear region over that
of the present IL5 glide 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 1/2
degree path angle This would resultina
path of hyperbolic shape, the bottom of the
hyperbola being about 22 feet above the run=-
way, direcily opposite the antenna system.
To keep the signals from the upper and lower
antennas in phase with each other all the way
down the path under these conditions, 1t would
be necessary to displace the upper antenna
9.8 inches toward the runway There 15 a
possibality that this displacement could be
varied to provide path softening near the run-~
way. Inorder toproduce any path shape other
than the hyperbola described previously, 1t
will be necessary to add a2 modifier antenna
of some sort, The modifier will be fed side-~
band energy from the same source which feeds
the upper, or null, antenna, but the height
above ground of the modifier will be approxi~
mately half that of the upper antenna, The
horizontal radiation pattern of the modifier
should be such that no energy 1s radiated
parallel to the runway This means that the
resultant beam patterns will be substantially



unmodified, except 1n the region very close
to the airport In directions other than par~
allel to the runway, however, the modifier
radiation will combine with that of the upper
antenna to change the vertical angle at which
the sideband null, and hence the path, occurs,

To predict the horizontal field pattern
of the modifier which will produce a given
desired path shape, 1t 15 first necessary to
find the relation between modifier amphitude
and resulting path angle
{5) 1n which the vertical pattern of the upper
antenna 1s piven as

F, =(1/2) sm(ﬂ'%) (5)

then the vertical pattern of the meodifier at
one-half the heaght 1s

m
Fm = M sin (EE);) (12)

in which,

M represents the relative modifier amplitude
and will be made a function of azimuth angle

Inazimuths where appreciable modifier energy
1s radiated, the sideband null and hence the
path, will no longer occur at the vertical
angle ¢, , but rather at an angle qbp, where
the combined field pattern of the upper and
maodifier antennas shows zeroc enerpy. This
"'on path'" condition 1s thus represented by
the equation

Recalling equation

Substituting the previous relationships pro-
vides the desired function which shows the
moadifier amplitude M necessary to produce
a piven path angle ¢ pr @s follows

(1/2) sin (ﬂ' ng)— M mn(% %p)_ 0 (14)

from which,

M =

Pp
(1/2) sm(rr -
?, _ T ¢’p
= ¢cos | — — {15)
7 2 ¢o
sin |\ 7 @
Iithe function of path angle ¢, with azimuth
angle for a desired path shape 1z known, 1t
1s thenpossible to calculate the regquired

horizontal pattern of the modifier For ex-
ample, 1n the case ofa straight line path
ending at a point of contact directly opposite

the trasmaitter,

¢, = 9,

F

cos @ (16)

in which,

f# 1s azimuth angle, measured from a line
parallel to the runway. Substituting this
function for ¢ p M equation (15) above,

M = cos (—721 cos 9) (17)

This1s the required horizontal pattern of the
modifier in this case and happens to be a
pattern which 1s produced by two in-phase
elements, spaced one-half wave length, 1n a
line parallel to the runway This rnodifier
patternis ploited and labeled Case I 1n Fig, 1
The straight line path produced by this mod-
ifier 18 plotted and labeled Case I 1n Fig, 2,
together with the unmodified hyperbola, shown

dotted for comparison,

Suppose we consider now amore general
case wherein there 1s a straight line path
ending on the runway ata point of contact
having some azimuth less than 90 degrees
with respect to the antenna array. It can be
shown that equation (16) above then becomes

¢ - ¢n

_ +90°- ¢
p cos (900_ ec) cos (9 C)

sin(fc -8)
=9, —————— (18)
sin § ¢
where,
€ . 15 the azimuth of the point of contact,

c
Substituting again in the general modifier

equation (15) results in a modifier equation
for this case as follows

M = cos (1 M) (19)
2 sin @ .
which1s the pattern of two in-phase elements,
spaced l wave lengths ina line
2 smm g .

making an angle {90° - GC) with the runway.
In particular, 1f the azimuth of the point of
contact @ ¢ 15 taken as 45 degrees, then
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M = cos [127 3% sin (45° - 9 )] (20) path angle and azimuth angle for a straight

The modifier pattern 1s plotted and labeled
Case ITin F1g, 1. The straight line path
produced by this modifier 1s plotted and
labeled Case Il in Fi1g 2

In the case of curved or flared paths 1t
15 a good deal simpler to start with a prac-
tical modifier pattern and determaine the path
shape which would result Empirically, the
firstchoice 1s the pattern of two out-of-phase
elements spaced one-half wave lenpth on a
line perpendicular to the runway Thus,

M = 5‘.1n<E sin 6‘)
2

Going backwards to determaine the path shape,
the first step 1s to obtain the path angle ¢ P
as a function of azimuth angle from the an—
tenna @ Substituting in equation (15) Te-
sults 1n the egquation

(21)

T _ T $p
—sin § |= cos{ — (22)
sm(z ) (2 2 )
which will simplify to
¢p = ¢ (1 -s1n80) {23)

This equation should be compared with equatim
(16), which 1s the simalar relation between

path

In order to determine the aciual path
shape with the above modifier, 1t 1s necessary
to resort to the geometry of Fig 3 In this
figure the origin of coordinates 15 taken as
the point on the runway directly opposite the
antenna array, The x-axis 1s the runway
center line, the y-axis 1s perpendicular to
the runway, passing through the base of the
antenna array, and the z-ax1s measures
The desired path
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

altilude above pround.

z= Vx24+b2tan ¢p (24)
in which,

b 15 the distance between the runway center
line and the antenna array,
Combining equations (23) and (24)

z= Vx2+b2tan [¢°(1—51n 8)] (25)
but,
sin @ = b (26)

V' x2 4 p2

therefore,
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b written as
z= VxZ+b2 tan | ¢ |1 - (27)
° Vx2 + b2 2 >
(z+kb)™  x% _ (29)

b
The anple 1 - will
] ¢o ( x2'+b2)

always be quite small, 1n fact less than ¢, .
Accordingly, the angle may be substituted for
the tangent of the angle

é b
z= VFx2+p2 T2 . ——/——
180 Va2 + b2

= ¢, —— (m+—b?—-b) (28)

180

This 15 the equation of the path and 15 shown
plotted and labeled Case III 1n Fig 2. The
modifier pattern, equaticn (21), which would
produce this pathis shown plotted and labeled
Case IIl in Fag. 1.

The path defined by equation {28) bears
astriking resemblance to the unmodified
hyperbolic path, It 1s,1n fact, that same path
moved vertically downwards to tangency with
the runway, This factcanbe demonstrated by
arranging equation (28) in the normal form
for a hyperbola, Substituting k for the
quantity ¢ %, equation {28) can be re-

(kb)? b2
A LIMITATION OF THE METHOD

There 15 a limitation common to all
glide paths produced by radiation from an
off-set transmitting antenna. The shapes of
such paths are determined by the intersection
of the vertical runway plane with a surface
formed by the radiation pattern of the trans-
mitting array. This latier surface 1s neces-
sarily composed of straight line elements
passing through the base of the transmatting
array, This means, 1n effect, that one can-
not do anything to the shape of the glide path
withoutatthe same time changing the manner
in which the height of the path varies as the
airplane maneuvers on the localizer to the
left or right of the course. ln general, the
farther outfrom the transmitter one attempts
to control the shape of the path, the worse
would seem to be the effects of this limitation.

This matter canbe 1llustrated by refer-
ence to the three cases above calculated, In
Case I, where the glide path surface is a
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plane, intersecting the pround along a line
Perpendicular to the runway, there 1s no
change in path height for dewviations to the
left and right of the localizer. This 15 1deal,
However, 1n Case Il and Case III, 1t can be
seenfrom Fig, 2 that 1f one departs from the
localizer course to the extent of, for example,
tendepgrees azimuthangle measured from the
glide path transmatter, the height of the ghde
path changes by about 16 percent, This amount
of variation 1s not considered excessive, It
would probably become excessive, however,
1f one attempted to push the point of contact
out 1000 feet or more 1n front of the trans-
miiter.

Geometry of the Path Shape

CONCLUSIONS

From the foregoing considerations, 1t
appears that for the cost of seven or eight
feetof extra mastheight 1t 1s possible to have
a glide path which contains several advantages
over the present type. First, the stability of
the path angle 1n changing weather conditions
1s almostcertain to be superior Second, the
usable linear width of the path 1s about twice
asgreat Third, the methodoffersa relatively
flexible means for adjusting the bottom of the
path to have a desired flare just before con-
tactwhich should prove valuable i1n the devel-
cpment of an automatic landing system,
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