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A DIRECTIONAL GLIDE PATH*®

SUMMARY

This report presents the theory of operation and test results of an insirument
landing system ghde path and associated monitor 1dentified as the directional glide path It
was developed at the Civil Aeronautics Adminstration Technical Development Center for the
specific purpose of producing a straight path at sites where this was not possible, because
of rough lerrain, with either the equisignal or the null-reference glide paths A directional
glide path was installed and successfully operated at the Kanawha County Airpori, Charleston,
West Virginia, where the terrain i1s very rough

INTRODUCTION

The glide path 15 that part of the Civil Aeronautics Admimistration (CAA)
Instrument Landing System (IL5) which provides the pilot with vertical gpuidance during an
1nstrument approach The assigned frequency spectrum, 328 6 to 335 4 Mc, accommodates
20 channels spaced 0 3 Mc

A iransmitter on the ground near the approach end of the runway energizes an
antenna systermn, from which a carrier and 90-cycle-per-second (cps) and 150-cps sidebands
are radiated The systemn 15 so arranged that on path 1s characterized by a carrier modulated
with equal amounts of 90- and 150-cps energy Below path, 150-cps modulation predominates,
and above path, 90-cps modulation predominates

The airborne equipment, comprised of an antenna, receiver, and indicator, presents
an 1ndication which 15 a function of difference in depth of modulation (DDM) Since on-path
1s characterized by an r-f carrier modulated by equal amounts of 30- and 150-cps energy,
the indicator i1s centered when the aircraft 1s on path When the aircraft 1s above path, the
1nd1c%tor deflects downward to command fly down and vice versa when the aircraft 1s below
path

Several types of antenna systems have been developed to produce a glhide path The
field patterns of the antenna systems in current use depend on ground reflections to produce
a straight path at the proper angle For the production of a straight path, 1t 1s necessary
that the terrain in the vicinity of the antenna system be reasonably flat and level At sites
where the terrain either rises or falls abruptly near the approach end of the runway, 1rregu-
larities in the path result In the directional glide path, the path 1s formed by a system
which does not depend on ground reflections for 1ts pattern formation

Since the glide path 1s used by the pilot to establish his rate of descent and as a
guide to the point of contact during the critical operation of landing, 1t 15 of extreme 1mpor-
tance that a monitor be associated with the ghide path system which will provide an alarm
when any probable combination of malfunctioning of the system occurs It must be accepted
that perfect momtoring {(the detection of every conceivable combination of malfunctioning)
15 practically impossible to attain This 15 especially true when one considers the rather
unlikely simultaneous occurrences of compensating errors A good momtor will detect all
of the likely malfunctions and a very large number of unlikely ones in addition These include

*Manuscript submitted for publication December 1957

1R. A, Hampshire and B, V, Thompson, "[LS-2 [nstrument Landing Equpment,"
Electrical Communications, Vol 27, No 2, June 1950

2Fc;r a moTe complete discussion of the operation of the glide path, the reader 1s
referred to "The CAA Instrument Landing System," by Peter Caporale, Elecironics,
February and March, 1945
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Fig 1 Geometry of Path Generation

failure within the monitoring system i1tself, which means that the monitoring clircuitry muast
be as inherently fail-safe in nature as possible Test results with the moniter deveioped
for the directional glide path and described in this repcort indicate tnat 1t satisfies these
requirements

THEORY OF OPERATION

Consider an arrangement of two dipoles Al and AZ, mounted approximately one
wavelength above the ground and spaced ''s" electrical degrees as shown in Fig 1 I itas
assumed that the dipoles are fed inphase, then at a point Pl located at ground level, the
instantanecus phase of the r-f field which arrives from Al will be delayed with reference to
the instantanecus phase of the r-f field arriving from A2 by 's" electrical degrees If we
consider point P2, a point some distance above ground, the phase delay will be less than "s"
electrical degrees It will simplify studying this phase change 1f the assumption 1s made
that the energy arriving at PZ travels from the source 1n parallel rays as shown 1n Fig 1
This assumption will result in a negligible error if point PZ 1s at a distance from the midpoint
between Al and A2 which 1s very much greater than the spacing between Al and A2 At

36

P

320

280

~

3

Q
-

K
[+]
]

@
o
-

o
=1

PHASE SHIFT (A DEGREES)

[=1]
o
[~

40

5 MG
388 {240 FT) |
/ I
I
-4Q i
[v] 2 4 8 ] 10
ELEVATION ANGLE (# DEGREES) wevelmae QT

FOIARLFILTE MDIMRA

Ur=—n
™ Lt
W o

|

Fig 2 Phase Difference Versus Elevation Angle



150 " 90"y

S0, 150 1,

CARRIER CARRIER

150 ~ 180 ny

%g 90 "
e A—— ——— —
| 2

Al AZ Cas Toweca
T o

Fig 3 Vectorial Representation of R-F Fields

point P2 at an angle of 8, the phase delay has decreased from "s' degrees to (s cos 8)
degrees Stated another way, when point P movesin elevation to increase the angle 6, the
phase of the r-f field arriving from Al advances with respect to the phase of the r-f field
arriving from A2

It will be helpful to consider in somewhat more detail the rate and magnitude of the
phase change 1n the vicinity of 3° elevation and for a spacing between Al and AZ of 240 feet,
or 29388° at 335 Mc Dipoles Al and A2 are energi.ed separately and the 1nitial phase can
be fixed arbitrarily at any value Assume that the initial phasing of the feed lines supplying
Al and AZ 15 adjusted to cause the r-f fields to arrive inphase at P when this point 18 on path
angle (3°) PFigure 2 shows how the phase difference between the r-f fields arriving at P
chanpges as 6 varies For constructing the graph, the phase of the r-f field arriving from
AZ was used as a reference If the spacing between Al and AZ was 1ncreased, a greater
pnase change for a given change 1n 8 would result It will be shown later that this offers a
means for controlling course width 3

Now consider the vector character of the energy fed to Al and A2 Referring to
Fig 3, the field at point P 15 the vector surn of the two field components from Al and A2
It will be observed that the sideband vectors of these two components are positioned differ-
ently If the feed lines supplying the energy to Al and A2 are inaependent, the initial phasing
can be adjusted to cause the two components of the r-f field to arrive inphase at a point P
located on a line corresponding to path angle The vector sum of the field components con-
tributed by Al and A2, when they arrive inphase, 1s shown in Fig 4A It 1s seen that the
resultant 15 comprised of a carrier modulated equally with 90 and 150 cps The response
of a standardi.ed glide path receiver to this input signal will be a centered pointer on the
course deviation indicator {CDI) which the pilot interprets as on path

It was shown previously that wnen point P moves in elevation so as to increase the
angle 8, the phase difference of the two field components arriving at P decreases This 1s
equivalent to saying that when the aircraft moves from a position on path to a position
above path, the compenent of the r-f field associated with Al advances in phase with respect
to the field component from A2 Consider the case where the point P, that 1s, the aircraft,
moves sufficiently above path to cause a phase advance of 30° Reference to Fig 4B shows
that this condition exists at an elevation angle of 5 4° Figure 4B shows the relative phasing
of the r-f field as 1t arrives at the aircraft and also the resultant of the two field components
The figure shows that the resultant comprises a carrier modulated at 90 cps only since
the 150-cps sidebands cancel A standardized glide path receiver will respond to this signal
by indacating fly-down to the prlot

3Cour se width - The course width above path i1s that angular displacement from
path angle at which full-scale fly-down indication 1s obtained Similarly the course width
below path 1s that angular departure from on path at which full-scale fly-up indication 1s
obtained Total course width 15 the sum of the angular displacement above ana below path
at which full-scale indications are obtained Unless otherwise stated, a reference to course
width 1mplies total course width
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F1g 4 Vectorial Representation of R-F Fields at Different Elevations

By simalar reasoning it can be shown that when the point P, or the aircraft, drops
sufficiently below path to cause a 90° phase change, the 90-cps sidebands cancel and the
resultant field arrivaing at the aircraft antenna will be a carrier rmodulated at 150 cps only,
Fig 4C The CDI wall indicate fly-up, since the aircraft 1s below path The displacements
above and below path where a 90° phase shift occurs were chosen to 1llustrate the behavior
of the directional glide path because these two positions are the special conditions for which
either the 90-cps or the 150-cps sideband vanishes, as 15 shown by the vector diagram
Actualiy, for the case of a 3° glide path, the point P could not be moved sufficiently below
path to cause a 90° phase change as can be seen from the graph in Fig 2 Also, 1t should be
noted that a 90° phase shift produces maximum DDM and consequently, maximum displacement
on the CDI Vector diagrams could be constructed for angular departures from path of less
than that necessary to preduce a 90° phase change, which would show that as the point P
departs from the on-path position, a progressive change in DDM occurs, and that this change
1s nearly linear in the region near path angle Figure 5 shows a graph of DDM versus
angular departure from path, for a path angle of 3°, carrier frequency of 335 Mc, and a
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Fig 5 Difference of Depth of Modulation Versus Elevation Angle

spacing between Al and AZ of 29388 electrical degrees The relation between DDM and
CDI deflection 15 shown 1n Fig 6 The indicator 18 1llustrated in Fig 7 Full-scale
deflection obtains for a current of 150 microamperes

The simple arrangement of an end-fire array of two radiating elements described
above would satisfy the requirements for vertical guidance 1f 1ts use were confined to flight
1n a vertical plane which includes the centerline of the array However, this would not
constitute an acceptable glide path

Consider the behavior of the system just described in three-dimensional space
Assume that point P 1s located in the vertical plane at an elevation angle 8 and that the
initial phasing 1s such that the two separate components cf the r-f field from Al and A2
arrive in phase at a point located on path It was shown that as the point P moves above path,
a phase advance results and this produces a fly-down indication As point P moves 1n azimuth
at a constant elevation angle, a phase advance occurs alsc and this, too, will result 1n a
fly -down 1ndication
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Fig 10 Pactorial Representation of Directional Glide Path Antenna System

The locus of point P for on-path indications would be a semicircle about the centerline
of the antenna array See Fig 8 This obviously 1s undesirable since a glide path of this
type would provide the pilot correct vertical guwidance only 1w the vertical plane which includes
the centerline of the glide path antenna array or, what 18 very nearly the same plane, the
vertical plane defined by the localizer An ILS approach generally will involve some lateral
error Consequently, the glide path system must provide correct gmdance over an area which
has a width in azimuth at least comparable to the localizer course width See Fig 9

In order to provide a glide path having a width in azimuth comparable to the localhzer
courge, namely, plus or minus 2 1/2° two broadside arrays of four elements each are em-
ployed 1n the directional glide path The arrangement of the antenna system 15 shown in
Fig 10 Also shown in the figure 1s the relative phasing of the currents supphied to the
individual elermnents The elements are 1dentified 1n accordance with the following groups

Al and A4 - outer pair, forward group
AZ and A3 - inner pair, forward group
A5 and A8 - outer pair, rear group
A6 and A7 - inner pair, rear group

The horizontal spacing of the outer pair 1s 18 86 feet, or 2,309 5° at 335 Mc The
horizontal radiation pattern of this pair i1s shown in Fig 11 The spacing of the inner pair 1s
6 29 feet or 769 B° at 335 Mc The horizontal radiation pattern of the inner pair 15 shown also
in Fig 11 The patterns are symmetrical about the centerline of the system Both pairs are
fed with currents of equal amplitude [t 1s important to note that, along the centerline of the
system, the amplitudes of the r-f fields of the inner and outer pairs are equal As point P
moves 1n arimuth at a constant elevation angle, the field intensity at point P varies as shown
by the radiation patterns in Frg 11  For an angular departure of 4 49° from the centerline,
the field contribution from the outer pair reduces to zero At any azimuth angle, the total
energy arriving at a point P consists of the sum of a component contributed by the outer pair
and a component contributed by the inner pair The ratio of the amplitudes of these compo-
nents may be representea by R R 1s a function of azimuth angle but not of elevation angle
The horirontal spacing between pairs of antennas rnay be adjusted such that the effect of rel-
ative phase shift of the r-f fields as point I moves horizontally at a constant elevation angle
will be compensated for over a range of azimuth angle greater than the localizer course
Limsts

In describing the operation of the glide path system formed by the sample arrangement
of an end-fire array, use was made of vector symbolism to show how the r-f field arrivang at
a point in space combined to produce the desired on-path, below-path, and above-path
indications The same procedure can be used to describe the coperation of the glide path when
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Fig 11 Horizontal Radiation Patterns of the Inner Pair and Outer Pair

the forward and rear antennas each are replaced by a broadside array of four elements. It
will, however, make for a clearer explanation if a few concepts are fixed 1n mind and if a
further sumphification of the vector diagrams 15 tolerated Accordingly, these concepts will
be introduced and the justification for the form of the vector diagrams established

Returning to the diagram in Fig 3, observe that the vector representation of the r-f
field associated with a rear antenna element is sirmlar in form to the vector representation
of the r-f field associated with a forward element with one 1mportant difference This differ-
ence lies in the position which the sideband vectars occupy, and 15 clearly shown in Fag 3
This 1s the only difference, and a simplification will be accomplished 1f the sideband vectors
are deleted and a vector associated with the field from a rear element 1s distinguished by a
dashed line The field associated with a forward element will be represented by a solid line
It will be understood that a vector shown dashed includes the sidebands associated with a rear
element (Fig. 3} and that a vector shown solid includes the sideband vectors which charac-
terize the r-f field origipating from a forward element A further observation now can be
made regarding the resultant when the r-f field from a forward element 15 combined waith tne
r-f field from a Tear element If the dashed vector and the solid vector combine 1n phase, the
resultant produces an on-path indication, if the dashed vector lags the solid vector, the re-
gultant will produce a fly-up indication, and if the dashed vector leads the solid vector, the
resultant will produce a {ly-down indication, These three conditions are 1llustrated i Fig 12.
If attention 1s confined to 0 to 90° of phase lead or lag, 1t 1s noted that the DDM, or the
amplitude of the fly-up or fly-down indication, 15 a function of the amount of lead or lag The
relationship is very nearly linear and 1s shown m Fig, 13

Returning now to the description of the behavior of the directional glide path employing
a broadside array of four elements for the forward group and a broadside array of four
elements for the rear group, 1t will be necessary to study the resultaing r-f field in space at
the point being considered Four separate components are i1dentified as follows

Al-A4 component originating from outer pair, forward group
AZ2-A3 component originating from inner pair, forward group
A5-A8 component originating {rom outer pair, rear group
A6-A7 component originating fromn inner pair, rear group

The 1rutial phasing 1s as represented in Fag, 10 The angles 6,¢, and y are defined as shown
in Fig 14
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Consider the phase relationship of the r-f field as 1t arrives 1n space at a point along
the centerline of the array (8, ¢, and y all zero) The relative phasing of the two components
associated with the inner and outer pairs of the forward group (Al-A4 and A2-A3) must re-
main at 90° since this 18 the imitial phasing and the distance traveled by these components to
arrive at a point along the array centerline 1s equal The same 13 true of the phase relation-
ship between the components of the field arriving from the inner and outer pairs of the rear
group However, the instantaneous phase relationship between the r-f field from the rear
group and the forward group can be controlled by a phaser in the line feeding the rear group
It will help to visualize the effect of this control if 1t 15 regarded as a means of rotating tne
dashed vectors of Fig 15 If the control 15 moved in a direction to increase the length of the
line feeding the rear group, the effect will be to rotate the dashed vectors in a clockwise
direction, and if the control 15 moved 1n a direcfion to shorten the line length, the vectors
move 1n a counterclockwise direction Note that both vectors must maove together, their
relative position remaining fixed

Next, consider a point in space located along the line for which 8 = 3% gandy = 0°.
This point 1s on path and 1n the plane which includes the antenna systermn centerline The in-
stantaneous phase relationship between the r-f field from the forward and rear groups is
controllable and this will be adjusted so that the arriving r-f field has the relationship shown
in Fig 15
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An inspection of Fig 15 shows that 1t satisfies the necessary conditions for an on-path
indication This can be verified by regarding the total field as the sum of two components
One of these components 1s the vector sum of AG6-A7 and Al1-A4 The other component 15 the
vector sum of A5-A8 and A2-A3 Each of these two components 15 of a form which satisfies
the requirement for on-path indication and 1t 15 concluded that the sum satisfies the requre-
ment for on-path indication WNext, consider what happens when the point P moves above path
in a plane which includes the centerline of the antenna systemm This will have the effect of
causing the dashed vectors to rotate counterclockwise The vector diagram of Fig 16 1llus-
trates the phase relationship of the r-f energy as it arrives at a point P above path An in-
spection of this diagram shows that 1t will result in fly-down indication This can be verified
by reasoning simnilar to that used above Regard A6-A7 and Al-A4 to be one component of
the total energy arriving at P Regard A5-A8 and A2-A3 as one component Note that each
of these components (A5-A8 plus A2-A3 or A6-A7 plus Al-A4) by themselves will contribute
a fly-down indication It 1s assumed that the sum satisfies the requrement for fly-down
indication

Now consider what happens when the point P moves along 2 line perpendicular to the
centerline of the array The horizontal radiation patterns of the inner and outer pairs will
introduce an effect which 15 not present when P rnoves in the vertical plane The vector dia-
gram showinpg the phase relationship of the arriving r-f energy will have an appearance sim-
1lar to the diagram for the case where P moved above path, but in addition to 2 phase rotation
of the vectors, a change 1in amplitude will occur This change 1n amplitude 1s the effect intro-
duced by the horizontal patterns of the inner and outer pairs which, as previously mentioned,
are a function of azimuth angle An interesting case occurs when point P moves in azimuth
sufficiently to cause a 90° phase change between the r-f fields arriving at P from the rear
and forward antenna groups

REF AXIS

PHASE ADVANCE

RF ENERGY
DIRECTIONAL GLIDE PATH
ELEVATION ANGLE = 3
AZIMUTH ANGLE =Q

Ch TRCHREAL
CEVELOPRNT CORTER
MERANARTL MOMANA

Fig 15 Vectorial Representation of "On-Path" Conditions
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A 90° phase change will result when P is displaced from a position where B = 3° and
Y = 0° to a point where 8 = 3"and ¥ = 4 49° This can be derived in the following manner

a= 92 + 72 (1)

From small angles, the phase change can be calculatea from the relation

B=s-~5cos g (2)
This 18 analogous to the method used to deterrmine phase change when the motion of P was
confined to a vertical plane which included the array centerline in which casey was zero and
the equation reduced to

B=5s-5cos B {3)

For a spacing between the forward and rear antenna groups s = 29388°, the phase change as
P moves from a point at ground level to a pesition on path will be

B =29388 - 29388 cos @

293B8°- 29347°

41-
If P now moves 1n azimuth to a position where 8 = 3° and ¥y = 4 49°, the total phase change 1s

B=5-s5cos54°

29388 - (29388 x 0 9956)

131°

Observe that the phase change which results when P 1s displaced 4 49° an azimuth
(from 8= 3%% =0°to 8 = 3% =4 49° 15 131° - 41° or 90"

The vector diagram 18 shown in Fig 17 In constructing this diagram, 1t 1s noted that
the phase shift 1s 90° and, consequently, the dashed vectors are rotated counterclockwise
90° Since the motion 18 1n azimuth, the amplitude also 15 affected. The amplitude of the twa
inner-paitr vectors decreases from the reference amplitude of unity on the array centerline
to a value of 0 87 at 3° from the centerline, The amplitude of the two outer-pair vectors re-
duces to zero This accounts for the absence of the outer-pair vectors in Fig 17 This figure
18 particularly interesting since the contribution from the outer pair reduces to zero at the
same time that the vectors representing the contribution from the inner pair coincide, This
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Fig. 17 Vectorial Representation for a Displacement of 3° from Array Centerline

condition of coincidence of inner-pair vectors defines on path and since 1t 1s the only
resultant, the response at this azimuth angle 15 on path This 15 a significant result since 1t

has been shown that an on-path condition exists at path angle when ¥ = 0 and at an azimuth
angle of 4 49°

TEST RESULTS

Description of Installation

A directional glide path was installed at the Kanawha County Airport, Charleston,
West Virgimaa The unusual terrain encountered at this airport 18 shown in Fig 18, which 1s
a profile of the section along the runway centerline The antenna system was essentially the
same as described 1n the previous section. In the Charleston inatallation, however, both
horizontal spacing and 1nitial phasing were adjusted experimentally to those values which
resulted in optimurn performance

At the Kanawha County Airport the instrument runway slopes downward toward the
approach end at an angle of 0 7° The desired inchination of the ghde path was 3 0° This
necessitated adjustments of the antenna system to produce a path angle of 3 7°

The centerline of the array was inclined 2° 1n azimuth toward the approach end of the
runway to take advantage of the available width of the glide path which 1s approxamately 10.0°,
as shown in Fig 18A This arrangement provides a glide path which 1s usable closer to
touchdown than otherwise would be obtained if the centerline of the array was parallel to the
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Fig 18 Approach Profile, Kanawha County Airport, Charleston, West Virgima
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Fig 1BA Plan View Showing Horizontal Width of Directional Glide Path

runway Figure 188, which 15 an enlarged view of the area near touchdown, shows that when
the aircraft on the approach i1s correctly aligned laterally {localizer needle centered), the glhide
path terminates when the aircraft reaches an altitude of approximately 30 feet above the run-
way Figure 19 shows the forward and rear groups of array elements and the monitor pickups
of the Kanawha County Airport installation

Path Shape

After the antenna array was aligned properly and phased for optimum width 1n azimuth,
a series of low approaches was flown in a DC-~3 aircraft Figure 20A shows a typical recording
of the CDI during an approach Along the margin of the recording are indicated the positions
of the outer marker, the inner marker, and the approach end of the runway This type of re-
cording 1s used frequently to establish the straightness of the path It 1s an indirect measure
of path straightness since both turbulence and the pilot's proficiency affect the CDI indications
However, 1t has been customary to define a path as acceptable when the recording of the CDI
on a low approach shows excursions which do not exceed plus or minus 30 microamperes, or
one dot 4 Using this interpretation, the recording of the low approach shown in Fig 20A would
define a path that 1s acceptable regarding straipghtness Itis, in fact, 2 fine approach, the
excursions being confined to approximately plus or minus one-half dot

Vertical Path Width,

Figure 20B shows a recording of the CDI during level flight at 2,300 feet above mean sea
level (MSL) toward the approach end of the runway and along the runway centerline This test
and the resulting recording are used to measure path width in the vertical plane, clearance®
beneath path, and general characteristics of the crossover The recording of Fig 20B shows
that the clearance beneath the math 18 good, the crossover 1s umiform, and the course width in
the vertical plane 15 1 2° This course width 18 very nearly in the center of the himaits
established for course width

Horizontal Path Waidth

Figure 20C 18 a recording of the CDI when the aircraft was flown in level flight at 2,300
MSL perpendicular to the runway centerline and at a distance of approximately 4 1/2 males
from the approach end of the runway This recording gives a Ineasure of the width of the
course in azimuth On the margin of the recording 1s indicated the center of the localizer and
1ts himits Since the localizer 15 nominally 5 0° 1n width, this provides a measure of the
azimuthal width of the glide path, which 1s approximately 10 0°

4150 microamperes 1s equal to 5 dots

5
Clearance 1s defined as the ratio, in db, of the 90-cps signal to the 150-cps signal, or
vice versa, obtained after demodulation of the r-f field at any point in space by means of a
linear detector.
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Measured Glide Path Data
From the flight tests at the Kanawha County Airport, the following data were calculated

Path Angle - 2 94°
Vertical Path Width - +0 635°
Horizontal Path Width - +4 5°

First False Path ( path inverted) - 6 29°
Second False Path (path upright) - g8 52°

Fig 19 Antenna System Installed at Kanawha County Airport,
Charleston, West Virgimia
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Fig 20 Recordings of Flight Test at Kanawha County Airport,
Charleston, West Virgima

Importance of Phasing Stabzlity

As previously explained, the path angle 1s deterrmined by the imitial phasing of the
currents in the forward and rear antenna groups In the actual installation, a phaser was in-
serted in the line supplying energy to the rear group This phaser provides a convenient
method for controlling path angle, and 1s very useful when making imitial adjustments during
installation It can be used to vary path angle, including adjustment to an angle of 0% which in
turn allows measurement of path width by the use of ground equipment This convenience of
path adjustment, however, 15 obtained at a price The stability of the path 1s dependent com-
pletely on the phase stability of the lines feeding the forward and rear antenna groups During
early experimental work, difficulty was encountered with the Type RG-8/U coaxal cable
This difficulty vanished when Styroflex cable was substtuted for RG-B/U cable Styroflex
cable has substantlally less loss and 18 much more stable than RG-8/U The installation at

Charleston was equipped “with Styroflex cable For approximately six months, path position
remained within plug or manus 0 07°

THE MONITORING SYSTEM

Purpose
The monitoring system has several essential functions detecting the presence of any
malfuncbiomung, properly tirming the equipment transfer, provading the control tower with both
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visual and aural notice that a transfer has taken place, and shutting down the facility if
transfer to standby equipment faile to correct the out-of -tolerance conditions

The monitor must check the radiations from all elements of the antennas continually
and rmust provide an alarm whenever these radiations deviate from normal by a specified
amount The deviation larts are as follows

1. A ghaft of path poeition above or below nominal by 0 2*
2. A change in path width of 0.4"
3 A reduction in power output to 50 per cent of normal

Principal Components.
The following equipments are the principal components of the momtor systern A brief
description of each 1s 1ncluded

1 Ghide Path Momtor Type CA-1363. The glide path monitor operating with its
associated field detectors actuates an alarm circwt, and an automatic transfer circuit which
places standby transmutter equpment in operation, whenever tranemitted signals deviate
from the specified limats,

Basically, the monitor coneiste of three channels described as follows

a., Path Channel The path channel provides meter indications of the amplitudes

of the 90- and 150-cps signal components from the output of the on-path field de-
tector, and provides alarm indication when the ratio of the 90- to 150-cpa signal
components deviates from normal by a preset amount

b Modulation Level Channel. The modulation level channel provides meter indi-
cation of the combined 90- and 150-cps amplitude from the output of the on-path
field detector, and provides alarm indication when the combined level of the 90- and
150 -cps signal components falls below a preset value

¢, Clearance Channel The clearance channel provides meter indicatione of the
amphitudes of the 90- and 150-cps signal components from the output of the off-path
field detector, 2nd provides alarm indication when the ratio of the 90- to 150-cps
signal components deviates from normal by a preset amount The clearance chan-
nel also provides alarm indication when the combined level of the 90- and 150-cps
signal components falle below a preset value

The ghde path momtor 18 contained in a smgle enclogsed unit with door panel for
mounting in a standard relay-rack cabinet The height of the panel 1s 14 inches, the
maxmum depth behind the panel 18 12 1/2 1nches The Type CA-1363 monitor 18 shown 1n
Fig. 21.

2. Glhde Path Monitor Field Detector Type CA-1364. Two field detectors are used with
the ghde path monitor to facilitate the detection of the on-path and off-path signala The out-
put of the on-path field detector actuates the path channel of the momtor, the output of the
off-path detector actuates the clearance channel incorporated in the monitor The field
detector 158 designed for mounting on an upright support or pedestal in the field

Operation of the Monitor

The two field detectors are located a8 shown i1n Fig. 22 The Yagi antennas of the
glide path array are highly directional, and in order that the field detector can receive suf-
ficient energy from each of the individual elements, 1t 18 necessary that the antenna of the
field detectors be equpped with a reflector and a director to obtain the desired field pattern
Figure 23 18 a view of the field detector installation,

The locations of the on-path field detector and the off-path field detector were
determined sxperimentally, so that any phase or amplitude change in any one antenna of the
directional ghde path array which 1s sufficient to cause a change 1n path position or width
exceeding designated tolerances will operate the monitor alarm

The automatic transfer unit is operated by the momitor output Upon receiving an alarm
signal of greater than five seconds' duration, this unit switches the antenna array to a standby
transmitter and a standby modulation unit Simultaneously, an alarm signal 18 sent to the
control tower to give both visual and aural notice that a transfer has taken place If, after
the changeover takes place, the alarm signal continues for five seconds, the facility 18 shut
down A further requirement of the monitor iz that when power returns after a power failure,
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Fig 21 Glide Path Monitor Panel
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Fig 23 Momtor Field Detector

the monitor shall be prevented from giving an alarm until after the station and monitor
equipment have had approximately one minute in which to warm up

The directional glide path array creates an unusual monitoring problem because of
its proximity to the runway and the distance between the forward and rear arrays If
simple on-path and off-path field detectors were used, as 1n the case of the standard null-
reference ghde path, they would have to be located at a distance very much greater than the
distance between the forward and rear arrays Since this spacing is approximately 240 feet,
the momitor location would have to be approximately 1,200 to 1,500 feet 1n front of the
aptenna system for the same sensifivity to a change in path configuration This distance
would make siting requirements most difficult

Test Results

In order that variations in the path at 1,000 feet distance could be compared and
correlated with the fleld detector indications, two telephone poles were erected temporarily
1,000 feet in front of the glide path array One pole was placed on the centerline of the array
Half-wave dipoles were mounted on this pole at 2 5° (43 6 feet} and at 2 0° (35 feet) above
the ground The second pole was placed 3 0° in azimuth from the centerline of the array
A half-wave dipole was mounted on this pole at 2 5° (43 6 feet) above the ground The
dipoles were connected to standardized glide path receivers A standardized glide path
receiver produces a CDI deflection of 150 microamperes for an off-path deviation angle of
0 75° Thus, the CDI deflection can be converted into change-of-path position 1n degrees,
and can be used for calibration purposes The monitor panel sensitivity controls are set to
alarm when the path angle, as measured in the vertical plane which includes the Tunway
centerline, 1s changed plus or minus 2 degrees by use of the phaser incorporated in the
transmatters

In order to determine the optimum positions of the on-path and off-path detectors,
tests were made with a Type CA-1364 field detector, located 48 inches above ground, at
intervals of 0, 3, 6, 9, and 12 feet perpendicular to the centerline and approximately midway
between the front and rear arrays It was determined from these tests that the optimum
location for the on-path and off-path field detectors 1s at 6 feet and 12 feet, respectively,
perpendicular to the centerline and approximately midway between the front and rear arrays
The fleld detectors were mounted on the side of the centerline of the system away from the
runway

A tabulation of the test data for the final location of the field detectors follows
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CONDITION 1

An open transmission line to any one of the eight transmitting antennas

Antenna
Number

B o~ N B W N

#Full scale indicates a deviation of 0 75 degrees or greater
indicate alarm condition (Path angle #0 2 degrees

A short-circuited line to any one of the eight transmitting antennas

o =1 O N e

*Full scale indicates a deviation of 0 75 degrees or greater
(Path angle 20 2 degrees

1000 Feet Distant

0° Azamuth
(degrees)
+Full scale*
=Full scale*
-Full scale¥
+Full scale¥*
+F'ull scale*
=Full scale*
~Full scale*

+Full scale*

+0 44
=Full scale*
=Full scale*
+0 34
+Full scale*
-0 40
-0 55
+0 65

indicate alarm condition

3* Azimuth
(degrees)
+Full scale*
-0 68

=Full scalex*
+0 41

+Full scale¥*
=Full scale*
-Full scale*
+Full scale*

t+Full scale¥
=Full scale*
+Full scale*
-0 22
+Full scale¥
=Full scale*
-0 18
+0 37

Response as Measured in Space
Mon:tor Response

On-Path Clearance
{degrees) (degrees)

+0 36 -0 94
+0 88 +0 16
-0 34 -0 51
+1 56 +0 51
-0 32 -0 21
-0 45 -0 02
-0 82 +0 01
+0 76 -0 31

CONDITION II

+0 78 -0 82
=022 +0 17
-1 68 -1 16
+0 83 +0 z4
+0 69 +0 42
-0 98 -1.40
+0 49 +0 75
+0 82 =0 31

On-Path
Modulation
Level

{per cent)

195
112
53
126
46
88
76

118

Clearance
Modulation
Level

(per cent)

108
114
64
97
36
15
35
172

Underlined values

Modulation level below 70 )

157
48
128
74
80
90
49
162

122
17
91
70
86
75

142

176

Underlined values

Modulation level below 70 )



Fifty-chm dummy load substituted for any one of the eight transmitting antennas

Antenna
Number

@ - O U e W e e

Response as Measured in Space

20

CONDITION III

1000 Feet Distant

0°¢ Azimuth
(degrees)
+Full scale%*
=Full scale*
=Full scalex
+Full scale*
+Full scale*
=Full scale¥
-Full scale*

+Full scale*

3° Azimuth
(degrees)
+Full scale*
=Full scale¥*
-Full scale#*
+0 15

+Full scale¥*
=Full scale¥
=Full scale*
+Full scale*

Monitor Response

On=-Path Clearance
(degrees) (degrees)

+0 33 -0 82
-0 11 +0 37
-1 10 -0 77
+1 16 +0 40
+0 20 +0 22
-0 67 =0 59
+0 20 +0 11
+0 78 +0 39

¥Full scale indicates a deviation of 0 75 degrees or greater
indicate alarm condition (Path angle +0 2 degrees Modulation level below 70 )

CONDITION IV

On=-Path
Modulation
Level

{per cent)

170
56
94
88
59
83
57
145

Clearance
Modulation
Level

{per cent)

112
84
81
83
55

55

71
167

Underlined values

Thirty-degree transmission-line extension inserted in the transmission line at any one of
the eight transmitting antennas

m =~ O~ U e WY e

-0 09
-0 32
-0.43
-0 15
+0 42
+0 01
+0 05
+0 44

+0 50
-0.43
-0 88
+0 45
-0 14
+0 37
+0 25
+0 42

+0 69 +0 09
-0 43 -0 19
=0 49 =0 39
-0 22 -0 21
+0 38 +0 35
+0 11 +0 37
+0 25 +0 26
=011 ~-0.56

indicate alarm condition (Path angle 0.2 degrees

*¥Full scale indicates a deviation of 0 75 degrees or greater
Modulation level below 70 )

102
102
124
74
103
76
89
127

112
93
106
88
101
84
112
93

Underlined values
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Fipg 24 Data From Monitor Field Detector for Determination of Monitor Field
Detector Positioning

It will be noted that when the on-path field detector was placed 6 feet from the
centerline and adjusted fore and aft for 0 db 90/150-cps ratio and the off-path field detector
was placed 12 feet from the centerline and adjusted fore and aft for 12 db 150/90-cps ratio,
at a position where the carriers were 1n phase, all simulated conditions of malfunctiomng
showed the monitor to be approximately as sensitive to the variations as the receivers were
on path at 1,000 feet

Data obtained by moving the field detector forward along a line 12 feet from and
parallel to the centerline are plotted in Fig 24 Both the demodulated output and the
90/150-cps ratios versus distance in inches are shown It can be seen from the alarm
Iimits that the position of the field detectors must be rigidly fixed 1n the front and rear
directions In order that ground freezing and thawing would not affect these positions, each
of the detectors was supported by a two-inch aluminum pipe and frangible coupling mounted
on a concrete base which extended below the frost line

Tests were conducted to simulate the effect of a large bird perched on the end of
one of the elements of a field detector A large wet cloth was substituted for the bird on the
end of a dipole and reflector The presence of the wet cloth caused a large change 1n both
the amplitude and the 90/150-cps ratio as indicated by the monitor The 1nformation
obtained from this test showed that 1t was necessary to provide protection over the entire
field detector antenna Covers made of fiberglas were found to provide satisfactory

protection
Tests also were conducted to determaine the effect a change 1n power level to

each antenna array would have on path width and monitor indications Flight-test data and
monitor indications for a change in power to the rear antenna array are tabulated below

Measured Monitor
Power in Course Momitor Monitor Modulation
Rear Array Attenuation Width On-Path Clearance Level
(watts) (db} (degrees) 90-cps 150-e¢ps 90-cps 150-cps  (per cent)
46 0 1 086 100 100 100 100 100
22 32 1278 T4 74 62 73 71

09 708 1376 46 49 25 54 58
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As shown in the above data, a 7 08-db attenuation between the front and rear antenna
arrays spreads the path by 0 29° The same attenuation caused the on-path monitor readings
of 90 and 150 ¢ps to show a difference of 0 5 db and the clearance monitor readings to show
a difference of 6 7 db. Neither of these differences 1s sufficient to cause an alarm, however,
the on-path modulation level meter reading showed a decrease of 4 7 db, which was sufficient
to cause an alarm

To test the effect of a large reflecting object near the array, a Douglas DC-3 airplane
was taxied, turned around, and parked on the runway opposite the center of the array The
maneuver caused no alarm A Lockheed Constellation aircraft, whose wings extend out
farther than the DC-3, caused intermittent and very short duration alarm conditions during
tax1, takeoff, and landing Trucks and personnel moving about 1n the area between the
transmitting antenna and the monitor field detectors caused an alarm condition

Tests were conducted to determine the effect of a steel ground mat at various
distances from the momtor field detector It was found that the effect was greatest near
and under the detectors and less as the mat was moved farther toward the front or rear
arrays The stability of the field detectors appeared to improve by the use of a 30-foot
diameter steel ground mat irnmediately under and about the detector

During service tests at Kanawha County Airport, Charleston, West Virginia, a ground
mat similar to the above was found necessary During a sudden rain squall, 1t was found
that the ground condition varied enough to cause an alarm due to amplhitude change 1n the
rece1ved demodulated signals

In the description of the directional glide path operation, 1t was shown that the glide
path has a usable limit in azimuth somewhat greater than plus or minus 5 0°* Beyond the 5°
departure from the array centerline, the locus of points 1s characterized by equal 90- and
150-cps modulation from a line which intersects the ground at approximately 6 5° On the
Kanawha County Airport, the area at about 6 0° from the antenna centerline and 1,500 feet
from the antenna 1s easily accessihle for the installation of measuring equipment Equipment
was 1nstalled at this location for collecting data on the stability of the path position and
on-path width

The equpment installation at this site consisted of

1 Two antenna pickups supported on poles about 12 feet above the ground

2 A small shelter equipped with a regulated a-c power supply, which housed a
standarized glide path receiver, a d-c amplifier, and an Esterline-Angus graphic
recorder

One of the antenna pickups was adjusted horizontally until a location was found where
the received signal gave an on-path indication when connected to the standardized glide path
receiver and when the path 1n space was set at 3 0°. The other antenna was adjusted hori-
zontally to a position where 1ts output, when connected to a standardized glide path receiver,
gave approximately 100 microamperes fly-down i1ndication The lines from the two antennas
were terminated 1n a single-pole, double-throw coaxial switch so that their outputs could
be applied alternately to the standard glide path receiver

The above equipment at the described location provided the means for obtaining a
continuous recording of the path position, and this recording could be interrupted by the
manual operation of the coaxial switch to obtain a measure of path width The data collected
indicated that the path position for the first six months after the installation remained within
plus or mnus 0 07" of 1ts 1mitial setting

CONCLUSIONS

1 The results of the tests of the directional glide path at the Kanawha County Airport,
Charleston, West Virgima, are very encouraging A straight path was produced at a site
where previous attempts with both the null-reference and equisignal-type systems failed
Since the Charleston site 1s an examnple of extremely rough terrain, it 1s concluded that the
directional glide path can provide a straight path at similar sites where the terrain s very
rough

gz The long-term stability of path position 1s acceptable. During the stability tests of
the installation at the Charleston site, the usual wide temperature, rainfall, and hurnidity
ranges for this area were encountered and path position was well within stability limits
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3 The directional glide path provides a path which terminates essentially when the
aircraft reaches an altitude of approximately 30 feet above the runway, on the localizer
course This 1s entirely adequate for the operational use that 1s made of the ILS at this time

4 The monitor system described provides adequate protection against typical faults that
might occur 1n the glide path array

LSo-D0-36498



