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DEVELOPMENT OF A VHF DIREC IIONAL LOCALIZER
PART I

PRELIMINARY TESTS

FOREWORD

The Air Navigation Development Board (ANDE) was established by the Departments
of Defense and Commerce 1n 1948 to carry out a umfied development program aimed at meet-
ing the stated operational requirements of the common military/cival air navigation and traffic
control systern This project, sponsored and financed by the ANDB 15 a part of that program
The ANDB 1s located within the admaimistrative framework of the Civil Aeronautics Admims-
tration for housekeeping purposes only Persons desiting to communicate with ANDB should
address the Executive Secretary, Air Navigation Jevelopment Board, Civil Aeronautics
Admainistration, W-9, Washington 25, D C

SUMMARY

Progress 1s outlined 1n the development of a localizer having greater freedom from
siting effects Without sacrificing any operational characteristics, 1t has been found posstble
to build at a given site a localizer which will produce a substantially straighter course than
the present conventional eight-loop localizer produces Three alternative directional arrays
for accomplishing the purpose are described together with the means for feeding and momni-
toring these antennas

INTRODUCTION

The development of a very-high-frequency (VHF) directional localizer was initirated at
the Technical Development and Evaluation Center of the Civil Aerconautics Administration in
September 1947 Waith the establishment of the Air Navigation Development Board in 1948, the
project was given additional support under their sponsorship The aobjective of the project was
to develop an improved localizer which would concentrate most of the radiated energy 1n a
narrow sector of azimuth along the runway center line This was to be done without necessi-
tating any changes 1n aircraft receiving equpment and without requiring any departure from
pilotang techniques normally employed when using the insirument landing system {11.5)

The mai1 reason for the development was to improve the conventional localizers which
are essentially nondirective in the azimuthal distribution of total energy radiation 1,2,
Perhaps the chief concern of the field engineer installing a conventional localizer 15 1n properly
catering to the site sensitiveness of the facility Reflections from natural and man-made objects
surrounding the site produce scalloping and course bending of readily calculable periods Charts
and formulae exist which relate such a period to the perpendicular distance of the reflecting
object from the localizer course 4 This often allows the source of particularly offending reflec-
tions to be i1dentified, but 1t 1s selaom practical to remove the object In some cases, the reflec-
tion amplitudes are sufficiently large to alfect sericusly the "flyability' of the localizer course

1Sldney Pickles, "Army Air Forces' Portable Instrument Landing System,” Electrical
Communications, Vol 22, No 4, 1945

2'Preter Caporale, "The CAA Instrument Landing System," Electronics, February and
Maxrch 1945

3R A Hampshire and B V Thompson, "ILS-2 Instrument L.anding Equipment,"
Electrical Commumcations, Vel 27, No 2, Tune 1950

4Charles S Franklin, "Instrument Landing Tables," AKRL Memorandum Report No 172,
Aircraft Radio Laboratory, Wright Field, Dayion, Ohio, June 15, 1944



In such cases 1t 15 necessary erther to choose another site, a procedure which has defimte
limitations if @ particular runway 1s to be served by ILS5, or 1t 15 necessary to modify the
antenna patterns of the localizer i1n such a way that less signal 15 radiated in the direction of
the reflecting objects If the troublesome objects ~re located behind the localizer, much good
can be done with simple back screens of various types At least one standard type of localizer
has been constructed 1n quantity with a built-in ratio of front-to-back radiation ° To modify
the localizer antenna patterns, the use of large screens made of wite has received much
attention, parfacularly by Pickles

Undoubtedly, the case with which 1t 15 most difficult to deal 15 that of large reflecting
objects located in front of the localizer and at only a small angle from the course Unfortun-
ately, such cases are not rare They sometimes take the form of a Tow of hangars near the
approach end of the runway and, to make matters worse, often have large surfaces parallel
to the runway, in which case extreme directavity 1n the localizer would be desirable

The foremost thought in this project was the achievement of a localizer design, not
unduly complicated, which would produce a flyable course at almost any site that maght be
encouniered

Another reason for the development of the directional localizer was to improve the
behavior of automatic approach equaipment It 1s well understood that precision and stability
1n automatic ap];.Troach are compromised by the necessity of reducing undesired responses to
course bending 8.9, A substantial improvement in the quality of localizer courses would
allow the adoption of values for the automatic approach control parameters and would mean
smoother and more accurate performance Recognition of this fact 1s evident i1n the current
efforts of the Radio Technical Commmission for Aeronautics {(RTCA), Special Comrnittee 18
on Automatic Flight Control, to arrive at a set of tolerances for the characteristics of ILS
ground facilities, 1ncluding localizer course bends

DESIGN OF A LOCALIZER ANTENNA

In the design of a localizer antenna, there are a number of requirements which are
imposed by the nature of the service and by the characteristics of related air navigation
components Among these are the following

l. The operating frequency 15 in the range 108 to 112 Mc, which give a wavelength of
dabout mine feet

2 The polarization must be horizontal with a high degree of purity

3 The vertical dimensicn of the antenna should be small, preferably less than one
wavelength

4 The stability of the radiation patterns must be high, with minimum effects from the
weather

5 The construction should be such that installation 15 simple and maintenance 1s
relatively inexpensive

5"Handbook of Maintenance Instructions for Radio Set AN/CRN-10," U S Army Air
Force Technical Order AN16-30 CRN 10-3,

6
Sidney Fickles, "Use of Screens for Reduction of Localizer Siting Requirements,"
Technical Memorandum No 96, Federal Telecommunication Laboratories, Inec , October 1946

7Fran01s L. Moseley and Chester B. Watts, Jr , ""Automatic Radio Flaght Control,”
Proceedings of the National Electromics Conference, October 1946

8Paul A Noxon, "Flight Path Control," Aercnautical Engineering Review, Aupgust 1948

9C.‘het.ter B Watts, Jr , and Logan E Setzer, "Some Recent Developments 1n Radio-
Controlled Flight and Landing,'" CAA Technical Development Report No 118, July 1950

10Dav1d L. Markusen, "Flight Path Control," Proceedings of the National Electronics
Conference, Vol VI, September 1950



It 15 herizontal directivity which 15 required in the directional localizer, and this cannot
be obtained without a correspondingly large horizontal aperture However, the limitation on
the vertical dimension appears to rule out some otherwise attractive antenna types such as
the wire-curtain lens described by Koek,!! as well as paraboloid reflectors of usual
propor’uons.lz

THE PARABOLIC ANTENNA

In view of the various requirements, 1t was decided to try what may be termed a para-
bolic strip antenna which 1s 1llustrated in Fig 1 The reflector, otherwise known as a para-
bola, has the form of a narrow strip of a parabolic cylinder and physically looks like a curved
metal fence Since the strip width, designated as height h, 1s relatively small (approximately
one wavelength), the source of radiation must be placed close to the reflector 1n order to
avoid having an excessive amount of radiation escaping over the top This results in a config-
uration which has the source deeply buried in the parabola, that 1s, the depth d of the reflector
1s substantially greater than the focal length f Even so, for large values of aperture a, the
distance from the source to the end portions of the reflector i1s also large, with the result that
some diffraction over the reflector 1s i1nevitable

CdA TECHMCAL DEVELOPMENT
AMD EVALLATION CENTER
IDIANAPDLE:  INDLA Ik

Fig 1 Parabolic Strip Antenna

The arrangement appeared to offer promase with regard to stability, sumplicity of con-
struction, and cost of maintenance The problem was to find the optimum values for height,
aperture, and focal length and to determane the nature of the source which would best 1llurmi-
nate the reflector Unfortunately, no applicable theory was available which did not :nvolve
intolerable approximations, therefore the problem had to be attacked by empirical methods

MEASURING FIELD PATTERNS

It was necessary to arrange means to observe and to record the azimuth field distra-
bution of experimental antennas Because of the appreciable phase error which 1s due to
proximity and which 15 present with large-aperture arrays, 1t was usually impractical to make
pattern measurements on the ground except in a narrow sector directly in front of the antenna
In order to be able to carry the field meter around an unobstructed circle of sufficient radius
to yleld the true pattern, 1t was necessary to make test flights Accurate measurements of
ground antenna patterns are difficult to obtain while 1n flight, the primary difficulty being to
avold the introduction of large spurious signal variations due to changes in attitude of the air-
plane The use of the conventional V-type receiving antenna for field strength measurernents
was found unsatisfactory in this respect. However, a number of satisfactory patterns were
obtained when the V-type antenna was used and when the plane was flown 1n a circle of 20-mile
radius around the localizer, The effect of maling the radius so large was to spread out the
ground pattern so that 1t could be easily distinguished from the spurious vaTlations due to atti-
tude changes Thus 1t was possible to eliminate by the process of averaging out the spurious
changes and to obtain an acceptable pattern of the experimental antenna. The method is unde-
sirable because of the excessive time and flying required to cbtain one pattern

11
Winston £ Kock, "Metal-Lens Antennas," Proceedinps of the Institute of Radio
Engineers, Vol 34, pp. 828-836, November 1946

1
2I-I T Frus and W D Lew1s, '""Radar Antennas," The Bell System Technical Journal,
Vol. 26, No. 2, April 1947,



4 much better antenna for measuring field strength was found to be a quarter-wave
antenna trailing on a piece of RG-58,/U transmission line about 150 feet behind the airplane
The antenna was actually the extension of the inner conductor of the transmassion line, and a
ong-quarter waielength section of braid was folded back over the line to form a trap to
reduce the amount of coupling to the outside of the line A drag cone was attached to keep
the trailing cable stretched out 1n a reasonably straight line behind the airplane The arrange-
ment was successful electrically but was quite a nuisance mechamcally

The recerving antenna finally adopted was a half-wave dipole mounted on n 18-1nch
pedestal over the pilot's compartment of the Douglas OC-3 airplane The dipole was parallel
to the longitudinal axis of the airplane With this antenna, 1t was possible to obtain satisfactory
patterns when flying 1n a circle having a six-mile radius at an altitude that was usually 1,000
feet above the ground

A Type BG-733-D localizer receiver was modified for use as a field-strength meter by
disabling the automatic gain control, applying fixed bias, and coupling the diode second detec-
tor to a Microsen direct-current (d-c) amplifier and an Esterline-Angus recorder The
circuitry was arranged so that the full-scale indication on the recorder always corresponded
to about 50 volts across the total diode load This resulted 1n an almost linear deflection of
the recorder pen with changes in the recelver input level, and the pattern could then be con-
venmently obtained from the chart without reference to a calibration curve

PARABOLA DEVELOPMENT

In the development of the parabolic localizer antenna, various reflector shapes and
feed arrangements were tried both at full scale and at tenth scale on the 1,000-Me model
antenna range A typical setup of a model parabolic strap antenna 1s shown in Fi1g 2A The
signals from the rodel were received by a horn, shown in Fig 2B, located about 150 feet
from the turntable

Fig 2A Model Parabolic Antenna on Turntable Fig 2B Model Antenna Range Receiving Horn

A full-scale parabola was built at the north end of the north-south runway at the Indiana-
polis airport This site 15 characterized by a telegraph line and by railroad tracks running
almost perpendicular to the runway center line about 75 feet north of the parabola location
The parabola construction utilized wooden poles with horizontal copper wires vertically spaced
three inches apart The focal length was 13 5 feet The original aperture of 113 feet was later
reduced to 80 feet The height, which was originally 24 feet, was cul to 16 feet and then to 9 feet
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Fig 34 North Parabola Test Site Showing Telegraph Lines

Fig 3B North Parabola With Full Top Screen

At the west end of the east-west Tunway,
of 80 feet, a height of 12 feet, and a focal
Both parabolas were tried at the lower he

another full-scale parabola was butlt with an aperture
lenpth of 18 feet. The height was later cut to 7 feet

1ghts with a metal screen wholly or partially covering
the top Fig. 3A 15 a view of the site showing the telegraph line behind the parabola
installation, and Fig. 3B 15 a closeup view of the parabola at a height of 9 feet, with a full top
screen



Various types of radiator elements were investigated as possible energy sources for
1lluminating the parabola These types included dipole, V-type, and loop antennas used both
singly <nd in phased pairs and also included slotted vertical cylinders of various diameters

It was found to be very important to have a feed arrangement supplying 1llumination
which decreased toward the ends of the parabola Without optimum energy distribution, the
minor lobe amplitudes of the field patterns were excessive Feed arrangements which utilized
phased pairs of loops were besi in this respect Although slotted cylinders which nppeared to
have proper amplitude distribution of energy were found, they made relatively poor sources
for the parabola because of their phase characteristics

The best over-all results were obtainea with the 13 5-foot focal length parabola used in
combination with phased pairs of loops From the standpoint of antenna patterns, 1t appeared
that the higher the parabola the greater the effectiveness It vas necessary to reach a com-
promise between height and performance The performance of the uncovered parabola at a
16-foot Height was about equal to that of the covered one at a 9-foot height It deteriorated
only slightly when the cover was trimmed back to form a rim one-gquarter wavelength 1n width
Because of the relatively simple and rugged construction which this form permattied, this com-
promise w s adopted as the final arrangement

f.fter determination of the feed systemn and the form of the parabola, detailed drawings
and specifications were prepared for a light metal prefabricated parabolic antenna which would
be suitable for transporting by aircraft and for setting up with minimum effort Two such
.ntennas were procured on contract one was to be tested at TDEC, the other was to be supplied
to the Jepartment of the Air Force [he parabolas were delivered by the contractor in Sep-
tember 1951 Fig 4 shows one of the portable parabolas assembled at the Indianapolis Airport

Fig 4 Portable Parahola Assembled for Test at North Localizer Site

The principle dimensions of the antenna are given in Fig 5A The illuminator system con-
s515ts of four horizontal-loop radiators located at the corners of a 30-inch square and centered
on the focal point of the parabola The loops are mounted on pedestals approximately one-
half wavelength above ground. Fig 5B shows a schematic diagram of the transmission-line
network used to energrze the loops Loops designated as A and C ate polarized clockwise,
B and D) are polarized counterclockwise

The operation of the feed systern may be explained briefly by referring to Fig 6A The
energy for loops A and C, for examnple, 1s fed partly at junction x and partly at junction y
of the bridge The energy fed at junction x produces inphase excitation of the loops while
energy fed at junction y produces antiphase excitation The corresponding radiation patterns
are shown in Fig 6B The t1e line L. has a length which brings the component paiterns into
phase in the direction of the reflector andresults in a total pattern which resemhbles a cardioid
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Fig 8 Typical Measured Field Patterns for the Portable Parabola

Thus, the 1llumination of the parabola tapers toward the ends, a condition which 1s necessary
fior low minor lobe level, and relatively little energy is radiated directly from the mouth of
the parabola.

Since loops A and C are not located on the axis of the parabola, the reflected beam lies
to one side of the center line, as indicated 1n Fig 7 Likewise, loops B and D produce a re-
flected beam, the maximum intensity of which lies on the other side of the center line Itis
the function of the center bridge of the feed network, Fig 5B, to permit simultaneous inphase
and antiphase excitation of the left and right beams Inphase excitation of these patterns
results in the reference or carrier pattern, while antiphase excitation produces the deflection
or sideband pattern Both resultant patterns are shown i1n F1g 7.

Measured field patterns of the portable parabola are reproduced in Fig. 8 These were
obtained with the modified BC-733-D lhnear field meter at 2 radius of si1x miles and at an
altitude of 1,000 feet above ground. The effects of the telegraph wires at the rear of the an-
tenna are visible in these patterns as well-defined ripples in regions of optimum retlection
angles These patterns were obtained at a carrier frequency of 109,1 Mc, although there was
no significant change in pattern shape over the band 108 to 110 Mc

In order to produce a tone localizer course, the feed lines are connected to suitably modu-~
lated sources of reference signal E:r and of deflection signal Ed of the usual form

Er=Ar{1+m(s1ndt+ slnﬁt)) s1n pt (1)
Ed=Ad(smat-s1nBt) sin { pt + ¢) (2)
where
Ar = reference-signal amplitude factor
Ad = deflection-signal amplitude factor
¢ = radio-frequency phase angle
m = modulation index = 0 20, approximately
= first-tone angular velocity = Zn90, radians per second
B = second-tone angular velocity = 2r150, radians per second

g = carrier angular velocity = 2w {carrier frequency)



A localizer course 1s produced when the signals are detected by any standard localizer receiver
It 15 customary to adjust the radio-frequency {r-f) phase angle ¢ to minimize the angular width
of the course After this 1s done, the amplitude ratlo Aj/Ar 15 adjusted to bring the course width
to the standard value of 5° Fig 9 1s a reproduction of a typical recording of course deviation
indicator (CDI) current obtained during flights across the main beam of the antenna at a radius
of s1x miles Within the main beam, the recording shows a smooth crossover Outside of the
main beam, the CDI moves In an apparently random fashion because of the minor lobes of the
radiation pattern Many false courses exist, but the energy level 15 low 1n comparison with the
energy in the main course Since the false courses have low energy, they are easily suppressed
by means of an auxiliary clearance array which will be discussed later

Ranking equal in importance with freedom from bends, an attribute of a good localizer
course 1s absence of attitude effect, A localizer which has no attatude effect will produce an on-
course indication at an azimuth angle which does not depend in any way upon the heading, bank,
or piich angles of the airplane It would be ideal if the CDI would respond only to changes 1n the
azimuth angle. The presence of any appreciable attitude effect 15 & source of confusion and
annoyance to the pilot and a cause for poor performance of automatic approach equipment

Attitude effect differs from course bending in that 1t 15 not generally considered to be a
function of the site, rather, it 15 a characteristic of the localizer station atself. The effectis
produced by radiation of a vertically polarized component of the deflection signal E5 Sucha
signal may originate as leakape radiation from the transmitter, modulator, or transmission
lines, or i1t may be radiated by the anternna system The effect may be simply explained by
reference to Fig 10 This dtagram shows space relations only and does not indicate phase or
time. Let us suppose the airplane 1s equipped with a pure plane-polarized horizontal receiving
antenna and 1s flying on-course By defimition then, the horizontally polarized component of
deflection signal Ej 1s zero Only reference signal E; 1s present by intention. However, when
attitude effect exists, there 1s a vertically polarized component of deflection signal Ej as ind1-
cated If the axis of the airplane 1s horizontal, as indicated by ine a to a’ , the vertical
signal is Tejected and the CDI 1s centered, but, 1f the pilot banks the airplane, lane b to b ,
then some of the vertical signal 1s received and the CDI ts deflected erronecusly.

This oversimplified explanation cannot be expected to be 1n very close agreement with
observed magmtudes of attitude effect, because the airborne antenna does not behave as a pure
plane-polarized receiving system. Furthermore, the magmtude of the CDI deflection depends
upon the relative time phase of the recelved E, and E4 signals, and the time phase 1n turn
depends upon the characteristics of the recelving system, upon the propagation effects, and
upon the phase originating at the localizer station For this reason 1t 1s difficult, 1f not 1ampos-
sible, to make ground measurements which will allow gquantitative prediction of the magmtude
of attitude effect which will be ocbhserved 1n a given airplane A simple procedure, such as
observing the magmtude of the course shift with the tilt of a receiving dipole, 15 of hittle value
For example, if the vertically polarized deflection signal Eq happens to be in time phase quad-
rature with the horizontally polarized signal, the tilted dipole test shows zero attitude effect,
nevertheless, severe attitude effect may be observed 1n the airplane This 15 because the air-
plane receiving antenna may shift the phase of the vertical signals with respect to the horizontal
ones
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During the course of the development of the parabolic localizer antenna, 1t was found
that very much attitude effect was present and that production of the vertically polarized
deflection signal appeared to be inherent in the parabola Furthermore, the phase of the vertical
signal was almost in quadrature wath the horizontal signal with the Tesult that the tilted dipole
test showed little effect The magnitude of the effect 1n the airplane was approximately 30
microamperes, or one-fifth scale on the CDI, for a 30° angle of bank

In order to be able to measure the magmtude of vertical radiation of a deflection signal
without regard to 1ts phase, the arrangement shown schematically 1in Fig 11 was employed
Through use of separate receiving antennas for horizontally and vertically polarized signals,
1t was possible to adjust the relative phase to obtain a maximum CDI deflection due to the
spurious vertical signal. This deflection could then be taken as a true measure of the magm -
tude of the vertical signal

When the foregoing method for indicating the magnitude was used, the vertical signal
from the parabolic antenna was cancelled by the addition of four inclined wires acting as polari-
zation converters These wires are shown in Fig 5A With the wires 1n place, the attitude
effect in the airplane was reduced to an unmeasurable value.

THE CLEARANCE ARRAY

One of the requarements 1n the development of the directional localizer was that the
system should need no change 1n existent piloting techniques used with ILS This means that
(1) there must be no false courses, {2) full-scale clearance {150 microamperes GDI deflection)
must be maintained to the sides, and {3) there must be a back course It appears that these
conditions cannot be satisfactorily achieved with the directional array alone.
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Early in the development of the parabolic directional antenna, attempts were made to
obtain clearance with an auxiliary three-loop array operating on a common carrier frequency
The performance of such an arrangement was found to be critically dependent on the relative
positions of the two arrays and was generally unsatisfactory because of interference effects

During experiments with the parabola utilizang a two-loop feed, 1t was found that clear-
ance could be obtained wath the directional array alone by phasing the reference and deflection
signals properly The effect may be explained as follows the main beams of the deflection and
reference patterns were formed primarily by energy which was reflected from the parabola
The remalning part of each pattern, outside of the main beams, was formed primarily with
energy which diffracted over and around the parabola. Because of this econdition, the relative
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phase of the two patierns was not constant with azimuth but shifted about 90" across the tran-
sition into or out of the sector of the main beams Thus, phasing for maxirmum side clearance
resulted 1n a very broad course or no course at all However, a compromise phase could be
found which preserved the course and at the same time gave clearance

This arrangement was tried i1n an experimental parabolic~antenna installation at Wold-
Chamberlain Airport, Minneapolis, Minnesota, during the winter of 1949-50 The rmethod was
discarded bhecause (1) course width and clearance were critically dependent on the relative
phases of deflection and reference signals to the extent that a special phase monitor had to be
installed and (2) since the compromise phase condition in the main beams resulted 1n a wider
course, it was necessary to increase the amplitude of the defleciion signal to obtain standard
course width. This, in turn, increased the amplitude of deflection signal striking reflecting
objects and tended to defeat the objective of the directional localizer

The use of a clearance array operating on a separate carrier frequency was first tested
in connection with this project in July 1950 It was found that the difference between the two
carrier frequencies 1s not critical, but they should be high enough to avoid interference with
90-cycle per second (eps), 150-cps, and voice frequencies and yet permit both carrier frequen-
cies to lie within the passhand of a receiver tuned to the channel A figure of 8 kiloeyeles (kc)
was adopted as a suitable value for the difference frequency The location of the clearance
array 1s also noncritical and should be chosen primarily from the standpoint of ease 1n
monitoring

The construction, instaliation, and tuning procedure for a clearance array follows the
standard practices associated with a conventional localizer However, the course need not be
as sharp as that of the conventional array Only sufficient sharpness 1s required to develop
full-scale CD1I deflection at the edges of the sector occupied by the main beams of the direc-
tional array Tests on a three-loop clearance array showed i1nsuificient sharpness, but a five-
loop array proved to be entirely adeguate for use with the directional antennas described 1n
this report The calculated field pattern and the loop spacings for the five-loop clearance array
are shown in Fi1g 12

At the Indianapolis north parabela site, the five-loop clearance array was installed at a
point on the center line about 375 feet 1n front of the mouth of the parabola A typical recording
of the CDI current at a six-rnile radius, with the clearance array operating alone, 1s repro-
duced 1n Fig 13 It will be noted that severe scalloping, caused by reflections from the tele-
graph lines 1n the rear, 15 present in the region of the front course

When the clearance array 1s operated i1n conjunction with the parabolic directional array,
its power level 15 adjusted to a value sufficient to override safely the minor lobes in the direc-
tional patterns, so that full-scale clearance 1s obtained at the sides This then resulis in a
clearance-array field strength which 1s approximalely one-third that of the main beam of the
ditectional array This situation 1s 1llustrated in Fig 14, which shows the field patterns of
both arrays based on a common scale

With bhoth arrays tn operation, 1t 1s apparent that when the airplane 1s on or near the
frant course the receiver respands primarily to the signals of the directional array which 1s"
designed solely to produce a high quality course When the airplane 1s outside of the main beam,
the receiver responds primarily to the signals of the clearance array However, in each case
the discrimination against the lower-level signal 15 much greater than would at first be suspec-
ted from a consideration of the curves of Fig. 14 This 15 due to the phenomenon called 'cap-
ture effect,'" which will be discussed later in some detail.

A recording was made of the CDI curfent at a six-mile radius at a time when the para-
bolic directional and clearance arrays were operating simulianecusly as a complete localizer.
This recording 1s reproduced in Fig 15A It wall be noted 1in F1g 9 that the smooth main-
course crossover due to the parabola was preserved, while the remainder of the record followed
the c¢learance recording of Fig 13 The total field recording, Fig 15B, shows the ratio of

parabola field sirength to that of the clearance array

CAPTURE EFFECT

Two benefits have accrued as a result of placing the clearance array on a separate
carrier frequency First, there 15 no problem of r~f interference between the arrays, so that
the location of the clearance array with relation to that of the directional array 1s noneritical
Second, the discrimination against the weaker signal 15 increased by capture effect This 1s
more 1important than the first benefit, because the clearance array with 1ts inherently non-
directive distribution of energy would be expected to produce poor quality courses at a poor
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site, Qf course, the poor quality front course of the clearance array tends to be suppressed
by the higher field strength of the directional array, but this suppression ratic receives a
further substantial 1increase by the effect of capture

The capture effect 15 a phenomenon existing in the detection of two amplitude-medualated
signals of different levels and different carrier frequencies Let us suppose the signals are
represented by two vectors of magnitudes X and Y, Fig 16, so that the total signal at any
mnstant is piven by

e=Xcosput+ Yecos{p+p)t (3)

in which u /2% 18 the carrier frequency of one signal and p/2w 15 the beat frequency, which 1s
relatively small but supersomic Equation (3) can be rewritten

e =FE cos {(pt +¥ ), (4)

where

Y sin pt (5)

¥ = arc tan
X+ Y cos pt

and

2+2XY cos pt ] 1/2 (6)

E=[x%+Y
The function E (it} is called the beat envelope, and an example of 1ts form 1s shown ploited in
Fig 16 for the particular value of the ratio Y/X = 0,5. The amplitudes X and Y are not con-
stant but are modulated by different audio signals at rates which are slow compared with the
beat frequency For example

X=A(l+eaesinat) (7)
and

Y=B(1l+bsmmpBt) (&)
where

A = carrier amplitude of first signal

B

carrier amplitude of second signal
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modulation index of first signal

]

b = modulation index of second signal
a = angular velocity of first-signal modulation
8 = angular velocity of second-signal modulation

This results 1n a slow variation of the form of the beat envelope A perfectly linear envelope
detector will faithfully repreduce this form, including the audio-frequency variations The
problem then 15 to calculate the actual amplitudes of the a /27 and the # /2w signals present in
the detector output Presumably, this could be done by harmonic analysis of Equation (6)

The general solution of the problem becomes extremely involved. Binomial expansion
of Equation (&) Tesults in a complicated series containing many frequencies If we assume the
depths of modulation of both signals to be equal, then

a=b=2n (9)
Calculating the ratio r of 8 /21 amplitude to & /27 amplitude, 1gnoring all other frequencies,
and letfing 5

B

= = 10
= = ° {10)

r=p? (11)

for the first plus the second terms,
1+ 30 + P2(2+ 3n2)

r=p > 2 2 (12)
2+ 3n"+ P71+ 3n")

for the first plus second plus third terms,

2+ 40n% + 170t + 22 (9 + 36n% + 44nt) + P2 (4 + 200° + 150%)

4+ 20n% + 15n* + 2% (9 4 360% + 44n®) + % (2 + s0n” + 170%)

(13)

and continuing indefinitely From this 1t can be deduced that, for the special case where
n and are both small,

1

+ #%, for n<<1,p<< 0 (14)

r =

In the application of capture effect to the directional localizer, we might tolerate the limita-
tion on modulation depth, but the signal ratio takes many values, including unmity, In such a
situation there 1s no simple formula for capture effect

Butterworth has presented for this case a solution based on elliptic integrals 13
Butterworth's work has been verified {except for numerical errors) by Aiken in another treat-
ment of a similar situation Data obtained by Butterworth 15 given 1n Table I with numerical
errors corrected.

135 Butterworth, '"Note on the Apparent Demodulation of a Weak Station by a Stronger
One," The Wireless Engineer and Experimental Wireless, Vol. VI, No 74, November 1929

14Charles B Aiken, "Theory of the Detection of Two Modulated Waves by a Linear
Rectifier,”" Proceedings of the Institute of Radio Engineers, Vol 21, No. 4, pp 601-629,
April 1933
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P T
01 0. 0050
0.2 0 0202
03 0 0466
0 4 0 0852
05 0 138
06 0.210
07 0.306 g
08 0 437 g
g
09 0 630
10 1 000
Table 1 e R
Relationship of pand r Fig 16 On Capture Effect

It should be pointed out that i1f a square-law detector 1s employed, the capture effect 1s
expressed simply by Equation (11) Since the capture effect 1s a function of the detector charac-
teristic, we can expect very much variation between receivers Measured capture-effect
curves obtained in the laboratory for two typical localizer receivers are shown in Fig 17

TRANSMITTER AND MOCDULATION EQUIPMENT

Transmatters for directional-localizer use are conventional, except that two are re-
quired, and some care must be taken to insure a stable beat frequency A sufficiently stabilized
beat frequency can be readily obtained by the use of a pair of properly ground crystals in a
commeon oven For example, for the operating channel 109 1 Mc the crystal frequencies used
were 6061 333 ke and 6060 888 kc. When multiplied by 18, these values gave carrier irequen-
cles equally spaced 4,000 cps above and below the nominal center [requency of the channel A
separate exciter unit was constructed containing the dual-crystal oven, the two oscillator cir-
cuits, and an i1dentification code wheel with a 1,020-cps oscillator The dual-erystal oven 1s
illustrated in Fig. 18

A block diapram of the arrangement of transmitters and meodulating equpment 1s given
in Fig. 19 The Type TUQ transmitters have an unmodulated output of about 50 watts. These
transmitters include provision for voice modulation

Directional-localizer tests were conducted with both electronic sideband generators and
mechanical modulators for producing 920 and 150 cps Since one of the important parameters
of a directzonal localizer 1s the ratio of the radiated field strengths produced by the directional
and clearance arrays, it 15 very desirable to be able to adjust the total field from one array If
mechanical modulation 1s used, this adjustment can be accomplished simply by variation of the
transmitter-output coupling However, with electronic modulation, a power change requires
many adjustments, For this reason mechanical modulators are preferred In these tests there
were used two malitary Type MRN-1 rnechanical modulators which had been modified to accomo-
date 1nputs and eutputs to RG-8/U transmission line at both input and output In the region of the
transition 1nto or out of the main beam, the signal amplitudes from the directional and clearance
aTrays are comparable If the relative phases of the two sets of 90- and 150-¢cps tones are such
that they will cause cancellation, a low clearance dip 1s observed in this region It1s important
to prevent this occurence by tying the phases together so that the tones are additive This was
done by a mechanical coupling between the modulators. Similar precautions should be observed
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in connection with the voice and 1,020-cps 1dentification modulations At the terrminals of the
modulator output bridge, thts arrangement provides about 17 watts of reference signal and @ 7
watt of deflection signal These figures are for the usual condition of 20 per cent modulation of
each tone in the reference signal The reason for the relatively low output cornpared with the
unmodulated capability of the Type TUQ transmutter 1s the downward nature which 1s character-
1stic of the modutation of mechanical modulators
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The voice and adentafication levels are adjusted to modulate each transmatter approxi-
mately 50 and 5 per cent, respectively. Some cross modulation of voice and identification
sidebands with the 90- and 150-cps tones necessarily occurs in the mechamcal modulaters,
However, with 20 per cent tone modulation, the ¢ross-modulation products are not large and
the voice and identification quality 15 very good

A LINEAR ARRAY OF DIFOLES

At an ANDB-sponsored meeting held at TDEC in July 1950, 1t was decided that a linear-
dipole array designed for directional-localizer service should be tested and compared with
the parabolic antenna at Indianapolis A linear array havang an aperture of about 40 feet had
previously been supplied by Andrew Alford to the Aircraft Radio Laboratory at Wright Air
Development Center, Wright-Patterson Air Force Base, Ohio. In order to increase the
aperture to a value at least as great as that of the paraboela, TDEC purchased additional
elements and feeding network from Alford. The complete antenna was assembled at the
Indianapolis north localizer site in November 1950, and 1t 1s shown 1n Fig 20, The aperture of
the array 1s 88 feet, and the feed network 1s housed 1n the wooden box at the center rear.

Fig. 21 shows schematically the feeding arrangement,

In contrast to the parabola development, 1t was possible for the designer of the linear-
dipole array to calculate readily the radiation patterns of the antenna and to expect reasonable
agreement with measurements. This was, in fact, the case. Measured reference-and
deflection=-array patterns obiained in the usual way at a six=rmale radius are shown 1n Fag 22,
It will be noted that the deflection pattern 1s much superior to that of the parabola, F1g B,
with regard to the level of minor lobes. However, the reference pattern 1s broader. When the
array was energized as a localizer, the CDI recording reproduced in Fig 23 was obtained. A
test for atfitude effect showed none measurable 1n the airplane The vertical component
measured on the ground was extremely small,

When the combination of the linear array and the clearance array was operated, some
difficulty was experienced with clearance i1n the transition region, This diffaculty was
attributed to the relatively wide reference pattern of the linear array, which situation tended
to prevent the clearance array from capturing the receiver. A recording of CDI current for
the linear array operated with the same clearance array that was used with the parabola 1s
shown in Fig., 24A, which indicates the regions of marginal clearance on each side of the
course, The relative level of the clearance array is shown by the total-field-strength
recording, Fig. 24B,

It should be pointed out that by the addition of one or more bridges in the feed network,
1t would have been possible to feed a reference signal into a greater number of the elements.
This would have resulted 1n a sharper reference pattern.
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Fi1g 25 Model Slotted-Waveguide Array on Turntable

In addition to its ability to produce high quality radiation patterns, the linear array has
the particular military advantages of being broadband and relatively portable

THE SLOTTED"WAVEGUIDE ARRAY

In order to retain the advantages of a linear array and at the same time to obtain a
simple feed system, 1t was decided early in 1951 to investigate the possibilities of a slotted-
waveguilde array The first step was to construet and test 1/10-scale models utilizing the two
types of feed arrangement described 1n a previcus report 15 The end-feed arrangement was
preferred to the center-feed because of the possibility that a low minor-lobe level would be
obtained 1n both reference and deflection patterns

A model of an end-fed slotted-waveguide array, placed on the turntable for pattern meas-
urements, 1s shown i1n Fig 25 The model was constructed of 4- by 8-inch aluminum heating
duct Although comparatively crude, the model performed sufficiently well to encourage con-
struction of a full-scale antenna

Fabrication of the full-scale waveguide was carried out on contract by Tarpenmng-
LaFollette Company, Indianapolis, Indiana, utilizing techniques normally employed 1n the con-
struction of large air-conditioming duects The material used was galvamized sheet 1ron, and

lECJhester B Watts, Jr , "Some Considerations of Wide Aperture Localizer Antennas,"
CAA Techmcal Development Report No 155, January 1952
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Fig 26 Slotted*Wavegwmde Array at North Localizer Site
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the damensions were 3 1/2 by 7 by 105 feet The assembly operation was completed 1n one
week, utilizing approximately 90 man-hours of labor The feed probes were constructed and
installed later by TDEC personnel There are 18 probe-fed slots spaced slightly less than 0 5
guide wavelength or about 0 7 free-space wavelength apart. A view of the completed array
1s shown i1n Fig 26

161 E. Eaton, L. J Eyges, and G G Macfarlane, "Linear-Array Antennas and Feeds,"

Chapter 9, pp 299-301, Microwave Antenna Theory and Design, edited by Samuel Silver,
published by McGraw=-Hill, 1949
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Typical reference and deflection patterns for the slotted-waveguide array are shown in Fig 27
A recording was made of the CDI current when in the region of the main beam and while the
waveguide array was operating alone This recording 1s reproduced in Fig 28 Luike the linear~
dipole array, the wavegude array showed no measurable attitude effect in the airplane, while
ground measurements showed that a negligibly small vertical component of radiation was present
Operation of the combination of the slotted waveguide with the clearance array resulted in
the recordings of Fag 29 It 1s noteworthy in this case that the clearance array is operated at a
considerably lower level with respect to the main beam This is possible because of the low
side-lobe amplitude of the waveguide patterns and because of the more nearly optimum relation
between the beam widths of the wavegurde reference and deflection patterns.
The slotted-waveguide array in its present form 1s not an inherently broadband antenna
It can only be operated over a range of approximately 1 0 Mc without sigmificant deterioration
of pattern shape Larger frequency changes reguire either a corresponding change in basic di-
mensions or the introduction of loading devices
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STABILITY TESTS

During January, February, and March of 1952, almost daily measurements of course
position and width were made on the three directional arrays at the north locali er site and
on the commuissioned northeast localizer These measurements were rmade 1n each case with
a standard receiver carried in the instrument truck at the far end of the runway approximately
€,000 feet from the localizer, and the Tesults are given in Fig. 30 The over-all system stabil-
1ty 15 indicated by data of this type Variations may be produced either by modulation equip-
ment, by antennas, or by receiving equipment Ordinarily, it 1s rather difficult to separate the
various contributions to the over-all system error, particularly if they are comparable 1n magni-
tude The same recerving equipment was used throughout to obtain the data presented in Fig 30
The modulation equipment was common to all arrays except the commissioned northeast locali-
zZer Any errors contributed by the common equipment should produce a corresponding correla-
tlon among the various total error curves, if the error of the common equipment can be con-
sidered fixed over the period of tume taken to complete a series of observations This peried
was usually about one-half hour in length Inspection of the data of Fig 30 reveals some
correlation, particularly between the error curves of the parabola and the slotted waveguide
Unfortunately, as noted i1n the data, difficulty was experienced with shifting of the supports for
the linear array, so that most of the results for February and March were of poor quality

Additional stability tests which were made employed a continuously operating Treceiver
and recorder located 1n a shelter at the far end of the runway Three receiving antennas were
utilized, one antenna was on the center line, while the other two were located on either side of
center By means of a clockwork mechamsm, the receiver input was periodically switched to
each antenna in succession. Thus a semicontinuous record of both center deviation and course
width was obtained Information obtained by this means, for both the slotted-wavegude direc-
tional array and the northeast commaissioned localizer, 1s plotted 1in Fig 31

In the winter of 1951-52, weather at Indianapolis was not severe enough to constitute a
thorough test of stability under snow and icing conditions Under the prevailaing conditions 1t
can only be concluded that any one of the three directional arrays, when properly maintained,
had a stability which was comparable to that of the other components of the system
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MONITORING EQUIPMENT

Although the development of monitoring equipment for a new facility is customarily
left until the last, 1t 15 no less important to successful continuous operation Unless there
15 thoroughly accurate and dependable momtoring, the facility user 1s without confidence and
the maintenance personnel lack a yardstick with which to measure performance

It must he admatted that there 1s no such thing as perfect monitoring that 1s, the posi-
tive detection of every conceivable combination of malfunctions 15 practically impossible This
1s especlally true when one considers the rather unlikely simultaneous occurrence of compen-
sating errors However, a good monitor will detect all of the likely malfunctions and a very
large number of the unlikely ones 1n addition These include failure within the monitoring sys-
tem 1tself, which means that the momtoring circuitry must be as 1nherently fail-safe in nature
as possible

The problem of momtoring a directional localizer 1s not particularly different from that
which exists with the conventional localizer, with two exceptions (1) the large aperture of the
directional array introduces a much larger proximity-phase effect, and (2) the existence of two
more or less separate antenna arrays in the directional localizer calls for a means of monitor-
ing the ratio of their radiated fields

A general plan for monitoring the directional localizer was chosen One set of monitor-
ing equipment was constructed and tested to a limated extent Fig 32 shows the layout of
momnitoring heads which has been used with the parabolic system It could alsg be used waith
the linear array or slotted waveguade A standard momtoring head, designated as A, 15 used
for detecting the parabola on-course signal Similarly, B represents a standard head used for
detecting change 1n course width Both heads are located i1n a region between the two trans-
mmitting arrays where the radiation fields are approximately equal A small screen 1s provided
to make heads A and B primarily responsive to parabola signals Only a small scTeen 1s re-
quired, because capture effect 1s operative 1in the momtor as well as in the airborne receiver
Monitoring head C 1s used to detect the clearance signal It is placed on the opposite side of
the sereen so that it 15 not responsive to parabola signals The on-course position of the
clearance array 1s not directly monmitored Monitoring head D was modified to provide trans-
maission-line input instead of using the usual antenna rods Dipole antennas E and F are placed
in strong parabola and clearance fields, respectively While E picks up a parabola signal
modulated predominantly with 150 ¢ps, F picks up a clearance signal modulated predominantly
with 90 cps  Both signals are carried by transmission lines to the input of head D With proper
positiorung of antennas E and F, the ocutput of head D wall show equal guantities of 90 and 150
cps Any change 1n ratio of radiated fields will then be shown by inequality of the 90- and 150~
cps signals in D

Probably the major deficiency in the monitoring system just described results from
proximity-phase error While head B functions fairly well as a relative indicator to show
change from an established condition, 1t gives no absolute measure of course width or phase
If head B 15 used for phasing with the layout shown, the phase will be 1n error by an angle of
approximately 25° The systern can be phased correctly, however, by using a compensating
section of transmission hine which 1s then removed for normal operation

In order to completely side-step the proximity-phase problem, a quite diiferent monitor -
ing arrangement was adopted for the slotted-waveguide array Rather than attempt to monitor
the field patiern at a distance, 1t was decided to use the aperture fields on the basis that the
aperture and distance fields have a well-known and unique relationship to each other Fig 33
shows the layout of momtoring pickups for a slotted-waveguide array This layout utilizes the
principle of aperture-field monitoring Dipole antennas A and B are located about 15 feet 1n
iront of,and approximately midway between,the center and ends of the slotted waveguide The
energy picked up by the two dipoles 1s fed by transmission line through a double-bridge network
to the on-course and cff-coursze detector heads These detector heads are of the standard type
and are modified for transmission-line input In addition, the off-course monitor signal 1s fed
through a third bridge to the field-ratio detector head The off-course clearance signal 1s
picked up by dipole C and fed through the third bridge and thence to the field-ratic detector
head Dipole C 1s positioned 1in such a manner that, with normal radiated fields, the field-ratio
detector shows equal quantities of 90- and 150-cps si1gnal

The addition of vector voltages in the double-bridge network to produce on-course and
off-course i1ndications may be explained by reference to Fig. 34 Each of the dipoles A and B
15 primarily responsive to fields from the three or four slots which are closest to it The
resultant fields at the dipoles are represented by vectors at points a and b A distant observer
on the center line would see the original fields without relative phase shift, as shown at points
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cand d As shown, the sum of ¢ and d 1s a carrier with inphase, 90- and 150-cps sidebands
of equal amplitude {(otherwise known as on-course signal} For this reason, 25 seen aialn
in Fig 33, the signals from dipoles A and B are added without relative phase shift and ate
fed to the on-course detector A distant observer off the center line would see the oripinal
fields with a relative phase shift 2r A /2 due to the path difference A as shown at points e and
f, 1n Fig 34 The sum of the fields at e and f 15 a carrier with inphase, 90-and 150-cps side-
bands of unequal amplitude {(off-course signal) As indicated in Fig 33, the signals from
dipoles A and B are added with relative phase shift produced by transmission line of length &
and are fed to the off-course detector The aperture-field monitoring system can be used to
adjust the relative phase of reference and deflection signals without cornpensation for proximaty

The circuitry of the monitoring system has been made as nearly fail-safe as possible
Fig 3515 a schematic drawing of one channel which can serve interchangeably for on-course,
off-course, or clearance indications, or for field ratio
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JISCUSSION AND RESULTS

The project has evolved three directional-localizer designs which have as their princi-
pal components (1) a directional-antenna array, (2} a cleearance-antenna array, (3) transmitter
and modulation equipment for the directional array, (4) transmaitter and modulation equiprrent
for the clearance array, and (5) a monitoring system for both arrays It 1s apparent thai the
directional localizer 15 essentially equivalent to two conventional localizers i1nstalled at a
common site If a directional localizer were to be i1nstalled at a site which has an existing con-
ventional-localizer station, the existing station maight provide the clearance array, the transmait~
ter, the modulation equipment, and part of the monitoring system

The performance improvement to be expected can be estimated 1n some specific cases
by reference to Fig 3¢ In it are plotted typical sets of field patterns for directional and con-
ventional localizers To permit comparison, the carrier or reference patterns are shown with
the same on-course amplitudes and the deflection or sideband patterns are plotted with equal
initial slopes This amounts to specifying that both systems have the same course width or
sensitivity If the site has a well-defined reflecting object at sorne particular azimuth from the
localizer causing course bends, the amplitude of the course bends will be directly proportional
to the deflection sideband field radiated toward the object Thus the amount of bend reduction
provided in this case by the directional localizer 1= given by the ratie of the conventional to the
ditectional deflection fields for the particular azimuth angle in question This 15 indicated in
Fig 36 It 1s usually proper to 1gnore the effect of bends in the front course of the clearance
array because of the large suppression ratio provided by capture efiect

Experimental verification of this theory has been ohtained 1n two cases at Indianapolis
by creating course bends with an artificial reflectinpg object consisting of several horizontal
wires 400 feet long stretched between 90-foot poles The wires were oriented parallel to the
runway and about 3,000 feet from the localizer The two azsimuth angles chosen were 7 6° and
14 0° The arrangement produced bends just off the approach end of the runway PBend ampli-
tudes were found to be approximeately 1n agreement with the theory indicated upon comparison of
the directional array with the clearance array operating alone

While some localizer sites encountered in practice are characterized by well-defined
reflecting objects, more often there are many smaller reflections,any one of which 18 not very
serious 1n 1tself The combined effect, however, 1s to give the localizer course an apparently
random roughness which may be just as objectionable as sinusoidal bends

An accurate estimate of the performance improvement to be expected from the direction~
al localizer 15, 1n general, difficult to make because of the very large number of variables
involved. Nevertheless, there 1s good reason to believe that at most sites the improvement 1s
substantial and 1n some cases may even be spectacular Only by actual installation and use of
the directional localizer at a considerable number of sites which are known to be poor can 1ts
value be determined

CONCLUSIONS

A directional localizer, based on any one of the three designs described in this report,

15 capable of producing substantially straighter courses then the present conventional eight-
loop localizer In general, the sharper the directional patterns the greater is the improvement
io be expected On the basis of practical experience to date as well as of theoretical considera-
tions, 1t 1s believed that an optimum aperture for a directional localizer 15 about 200 feet This
figure provides a patiern sharpness which 15 about the maximum that can be used without sacri-
fice of linearity of the CDI deflection with azimuth Extension of the existing localizer antennas
to a 200-foot aperture appears to be impractical in the case of either the parabola or the linear
array of dipoles However, 1t would be a relatively simple matter to extend the slotted-wave-
guide array to a 200-foot aperture Therefore, the slotted-wavepuide array appears to be the
moest suitable for obtaiming the ultimate performance.

A secondary advantage which would appear to result with the use of a larger aperture 1s
greater freedom from the usual transient course movements due to the disturbances of the local-
1zer radiation field by ground vehicles and by taxiing or low-flying aircraft This advantage
would be expected because pattern formation begins at a greater distance from the antenna

It should be noted that the methods described 1n this report result in directive paiterns
usually associated with microwave antennas and thus achieve relative freedom from reflection
effects at the same time that the present investment in 110-Mc airborne receivers 1s protected
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JDEVELOPMENT OF A VHF DIRECTIONAL LOCALIZER
PART LI

THE MONITOR

SUMMARY

This report describes a monitor developed at the CAA Technical Development and
Evaluation Center to accommodate the monitoring requirements of the directional localizer
These requirements are unique when contrasied with those of the conventional eight-leop
localizer A second goal was to develop a momitoring system which would be as nearly fail-
safe as possible with regard to component failure i1n the momtor 1tself

The momtor provides an alarm whenever the transmaissions of the localizer ground equrp-
ment vary by more than a predetermined amount or whenever the monitor 1tselffails Its use
insures that the localizer 1s functioning properly, as indicated by the radiated field near the
facility

INTRODUCTION

To produce the desired radio-frequency and space-modulation patterns for precision
guidance of aircraft to the center line of an airport runway, the directronal localizer uses an
antenna systern comprised of two arrays These two arrays are designated the directional
array and the suppressor array The directional array in the system for which this monitor
was designed consisted of a 100-foot waveguide feeding 18 slots which produce a beam 5° wide
down the center line of the runway The suppressor array consisted of five loops. These loops
produce a field that suppresses the minor lobes of the directional array and also provides a
back course and clearance around the remainder of the 360° of azimuth not covered by the
directional system
The monitor must continually check the radiations from both of these arrays and must
provide an alarm whenever these radiations deviate from normal by a prescribed amount Speci-
fically, deviation limits as established by the Air Navigation Development Board! are as follows
"1 Shift of the on-course line of either the course or suppressor localizer of more than
one-third of a degree from the center line of the runway,

2 Reductiion of power output of either the course or suppressor localizer to less than
50 per cent of normal,

3 Change in course sensitivity of either the course or suppressoer localizer of more
than 20 per cent,

4 Deviation of ratio of carrier field strength on-course of the course localizer to the

suppressor localizer outside the limuts of (3 5 + 0.5) to 1 "

The alarm 1tself consists of a signal to an auxiliary piece of equaipment known as the auto-
matic-transfer umt which, upon receiving an alarm signal, immediately switches the antenna
arrays to a standby iransmaitter and a standby modulation untt Simultaneously, an alarm signal
1s sent to the control tower in order to give both visual and aural notice that a transfer has talen
place If after the changeover takes place the alarm persists for five seconds, the 20- and 150~
cps-modulation components are removed from the transmissions and, when possible, the carrier
15 left on to provide communications and identification

It 1s a further requirement of the momtor that,when power returns after a power failure,
the momtior shall be prevented from giving an alarm until after the station and the menitor equip-
ment have had approximately one minute 1n which to warm up

THEORY OF OPERATION

The monmitor systern can be considered to be composed of five separate systems
1 Dairectional-course and course-sensitivity system
2 Suppressor course-width system.

1"Component Characteristics, Transition Program VHF Directional Localizer," by the
Air Navigation Development Board, May 25, 1951,
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)} Field-ratio system
4 Field-strength and audio system
5 Time-delay system

A detailed discussion of each of these systems follows

Directional-Course and Course=-Width System

The directional array poses the most difficult monitoring problem because 1t has a much
larger aperture than conventional localizers have If simple on-course and off-course field
detectors were used, as 1s the case with a standard eight-loop localizer, they would have to be
located about 1100 feet 1n front of the array for the same proximity error This distance would
make siting requirements most difficult at many airports

The most desirable position for the momtor antennas should be the approach end of the
instrument runway and approximately one mile from the transmitting-antenna arrays, a place
where the proximity error would be neglipable However, tests have demonstrated that reflec-
tions from taxing and flying aircraft in the vicimty would make 1t necessary to use an
inordinately long time delay 1n the alarm circuits Such a delay 15 impractical Therefore, a
system has been developed for momtoring the directional antenna near 1ts aperture Fig 37 1s
a view of the localizer i1nstallation, and Fig 38 shows the location of the monitor antennas
Fig 39 shows the interconnections of the monitor antennas

Fig 37 Localizer Installation

As seen in Fig 40, 1f at a given instant of time the carrier signal fed to the slots on the
left side 15 as shown 1n the vector diagram {a} and if the sideband signal fed to the slots on the
left side 15 as shown in diagram (b), then the resultant energy fed to the slots on the left side
will be as shown 1n diagram (c) If at the same i1nstant of tame the carrier signal fed to the
slots on the right side 15 as shown i1n diagram (d} and 1f the sideband signal fed to the slots on
the right side 15 as shown in diagram (e), then the resultant energy fed to the slots on the right
side 15 as shown in diagram (f)

Again as seenin Fig 39, the dipoles and their connecting lines L | and L, to bridge A are
equivalent, so that the signals are added together in bridge A to give a resultant which 1s fed to
detector C See diagram (h), Fig 40 The output of detector C will have equal 90- and 150-cps
audio components of the normal on-course signal which 1s analyzed in a unit to be descrmibed
later

If a course shift 1s caused by a drop 1n the 90-cps modulation percentage, for example,
the vectors would appear as shown in Fig 40, diagrams (a,), (by), and (cl) for carrier, sideband,
and resultant energy fed to the left slots Carrier, mdebanﬁ, ané resultant energy fed to the
right slots would be as shown in diagrams {d,), (e]), and {(f;) The energy feeding the detector C
from the bridge A would appear as shown in élagram (h1), and the 90- and 150-cps audio output
of the detectors would no longer be equal Therefore, the system described would be able to
detect a shift in the localizer course from its normal position A large reflecting object placed

GPO 8080387 — 1
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in froat of the waveguide but at some disiance away from the monitor aipoles could

deflect the course without affecting the monitors The monitors however arte not intended
to monitor other than equipment operation Tests covering the effects of reflecting objects
are described later in this report

571N
HIGH ( N
151N
a3 IN
AFT9IN !
SUFPRESSOR
N
ANTENNA 721
1

S5 N
HIGH|
—»‘ Le—5 IN
39 FT 5IN

Z2FTWOIN [

l !
WAVEGUIDE ANTENNA 781N

I
, F:MN’._M FT A1N—pre—i4 FT zmﬂ-‘ 12FT 21N ,,FT‘rﬁ N

-0 —-
SOIN 50IN :?GI:
HIGH HIGH

rE—— 22 FT 10N
|

M——RAUNWAY CENTER LINE

| € TECHMCAL DEVELOPMENT
AMD [VALUATION CINTER
INDIANAFOLIS IDIANK

Fig 38 Location of Monitor Antennas

The directional off-course or course-sensitivity monitoring function will now be
discussed The same two dipoles are connected to bridge B, Fig 39, and L4 15 made longer
than L3, which means that the signals from the right side of the waveguide are delayed in-
phase before combining in bridge B with the signals from the left side. With & normally
operatinpg localizer, the effect of this phase delay on the vectors 1s as follows Carrier and
sidebands from the left dipole are as shown in Fig. 40, diagram (c2} Carrier and side=
bands from the right dipole are delayed by 4° as shown in diagram (g;)
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After addition in bridge B, the energy appears as shown in diagram (h;) where

E
Eiﬂ =1 67, the 4 5-db difference used in this system. When rectafied in detector D, the

90

150-cps audio component will be larger than the 90-cps component, Thus the difference 1n
length A between lines 3 and 4 causes detector D to simulate an offi-course detector, and
the magnitude of A determines how far off course

A decrease in the magnitude of the sidebands fed to the waveguide would produce a
broader course. The carrier and sidebands fed to the left slots are shown in diagrams
(a4) and (b;), and the resultant 1s shown in diapram (c ). The carrier and sidebands fed to
the right slots are shown in (d3) and (e3), and the resultant 1s shown in (f;) The phase of
the energy from the right dipole shifted by A°, as shown in diagram (g3), and the resultant in
bridge B appears as shown in diagram (h3), where

E
EEE < 1.67. The off-course detector D detects a change in the 90/150 ratio and therefore
90

measures course sensitivity
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It can also be shown that the off-course detector D can be used to establish proper
phasing between carrier and sidebands fed to the waveguide antenna For exarmple, if side-
bands are misphased by an angle a, then the carrier and sidebands fed to the left slots are as
shown in diagrams (a4) and (by) and the resultant 1s as shown in (¢4} Carrier and sidebands fed
to the right slots are as shown in diagrams {dy4) and (e4), with the resultant as shown 1n diagram
(f4) The phase of the r. ht-slot energy shifted through A" 1s shown in diagram (34), and the

Eis0

Fg0

tor D 15 sensitive to phasing between carrier and sidebands

Consideration will now be given in deta:1l to the detectors C and D These are modified
Type CA-653 field-detector umits,? 1n addition to the voice-rejecting 90- and 150-¢ps filters
By the addition of a pick=-up loop close to the tuning inductance and by the equipping of this loop
with an RG 8/U cable connector, the units were modified for an RG 8/U cable input instead of
for the dipole 1nput normally used with these umits The cathode-biasing system on the 65F5
amplifier was changed from a 1000-ochm resistor with a 10-microfarad by-pass capacitor to a
330-ohm resistor with no by-pass capacitor This change was made to prevent the loss i1n gain
which occurred at low temperatures {-10°C) at which the by-pass capacitor decreased 1n capa~-
city An automatic gain control was incorporated into these units to provide constant 90- to
150-cps output with fixed modulation percentage when the r-f input level changed This mod:i-
fication was necessary to prevent a premature alarm in case the r-f power output of the trans-
mitter decreased but still remained within the 50 per cent lirmit This decrease 1n r-f power 1s
discussed further in connection with the alarm circmitry The automatic gain control comnsists
of a microammeter movement with a vane attached to the moving elermnent The movement of
the vane changes the capacity between two plates which are connected across the tuned cireuit
at the input of the detector unit The moving coil 15 connected electrically 1n series with the
diode load and therefore moves in accordance with the rectified r=f field current If the recti-
fied field current tends to rise, the vane moves to increase the capacity between the plates and
to detune the circuit and thus reduce the rectified field current It was necessary to suppress
the zero-current position of the meter movement a great amount 1n order to flatten the gain-
control characteristics The total amount of rectified field current available ranges from about
200 to 700 microamnpeTes, while the meter movement exerts 1ts full range of control with a
current change of about 10 microamperes Therefore, the amount of current change necessary
in the meter to cause a capacity change i1s a very small percentage of the total current in the
circuit, and the control characteristic 1s very flat over a range of at least 4 to 1 in the field
intensity or of 16 to 1 in transmatter power

The output of the modified Type CA-653 field-detector units 15 set at 5 volts, which 1s
developed across a 600-ohm lead This output 1s lower than that which 15 often used with these
field detectors, but 1t 15 more than enough to drive the alarm panels and 1t gives less
distortion than hipher outputs

The monitor alarm rack, shown in Fi1g 41, 1s located 1n the transmatter bulding and 1s
operated by the output of the field detectors through a 600-chm line Fag 42 1s a schematie
diagram of one of the alarm panels, and Fig 43 shows a rear view of one panel Two panels
are fed from the detectors C and D, Fig 39 As indicated 1n Fi1g 42, the 600-ohm line 1s
terminated in a 600-ohm potentiometer which alse serves as a gain control A thermastor
circuit follows the gain control and 1s used to compensate the amplifier gain for temperatures
from -10° to +60° C A 6J5 tube 1s used for gain, and 1t matches into standard receiver-tiype
90- to 150-cps filters The outputs of the filters are fed through a three-position switch which
enables a common momtor alarm-panel design to serve as either an on-course monitor or an
off~course momtor on either side of the course This switch 1s connected to a receiver-type
Varistor with a resistive load aeross sections of which meters M; and M, are connected

A null 1n signal at any place in the momitor circuits for a normal on-course localizer
was not considered to be fail-safe, itnasmuch as many components could fail and give a null 1n
signal while the actual localizer departed from normal cperation Therefore, a design was
developed which required that there be signal at all times 1n all parts of the monitor, even when
the localizer was operating exactly as prescribed If the meters Mj and M; were both
connected across the total Varistor load and wetre not tapped down by 100 ochms as they actually
are, 1t can be seen that with equal 90- and 150-cps signals being fed to the Varistor

resultant in bridge B 1s shown in diagram (hy), where <167 Thus, the off-course detec~-

S'Modification of Type CA-653 Field Detector to Provide VOR Voice Rejection,”
Electromics Establishment Branch Instruction Letters, CAA Office of Federal Airways,
October 3, 1951
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there would be no deflection of the meters because the rectified 90- and 150-cps signals
would cancel each other If each meter were now tapped down 100 chms from the ends of the
Varistor load as shown in Fi1g 42, each meter would read up-scale because, 1n the case of
meter Ml, the voltage across Rl and RZ would be larger than the voltage across R, and, in
the case of meter M,, the voltage across R, and R4 would exceed the voltapge across R;

If because of a fault in the localizer t?fle 90-¢cps signal should decrease, the reading of
meter M| would decrease and the reading of meter M, would increase because the voltage
across Ry and Ry would decrease For sumlar reasons, a decrease 1n 150-cps signal wall
cause meter M; to increase and meter M, to decrease 1n reading Therefore either one
meter or the other will decrease 1n reading 1f the course shifts, and 1t 15 this decrease which
actuates the desired alarm

It should be noted that if both the 90~ and the 150-¢ps signals decrease in the same
proportion yet not enough to give an alarm on a normal localizer course, the monitor wall
become more sensitive to course shift and the alarm maght occur at 1/6°, for example,
instead of 1/3° A decrease in power output of the transmatter could cause a decrease in the
90- and 150-cps signals except for the autormatic-gain controls included in the field-detector
units These automatic-gain controls therefore prevent premature alarms caused by any
factor which reduces field strength.

An alarm indication on the meters actuates a relay in the following manrer The
meter scales and the back covers are drilled through at 30 per cent of full scale A flags
attached to the meter pointer as shown in Fig 44 and will cover the hole 1n the meter scale
when the current through the meter falls to 30 per cent of full scale A stop is placed inthe
meter so that the pointer cannot move below the 30 per cent full-sgale reading Even when the
current 1s zero, the flag will stall cover the hole A source of light 15 produced by a lamp bulb
placed in front of the meter and directed through the hole in the meter The lamp 1s operated
at reduced voltage,and the manufacturer anticipates a life of not less than one year A
barrier-layer-type photocell 1s placed behind the meter and 1s i1lluminated by the bulb except
when the flag intercepts the beam of light. Therefore, the photocell receives light until an
alarm occurs, at which tame the meter reading drops low enocugh to cut off the laght The
photocell 15 of the self~generating type, that 1s, 1t requires no external source of power other
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Fig 43 Rear View of Alarm Fanel

than the light energy which strikes 1t. The photocells operate sensitive relays with normally
open contacts, and the sensitive relays in turn operate a power relay with normally cpen
contacts in the alarm circut.

The foregoing description applies also to the off-course or course-sensitivity monitor,
except that the 90- and 150-cps signals coming out of the filters are equalized by switch 3,
by inserting 4.5 db of attenuation in the larper signal before applying it to the Varistor

The normal operation of the monitor (no alarm) requires that (1} there 1s a signal 1n
the amplifiers, (2) there 1s rectified current in the meters, (3} light 1s reaching both photo-
cells, (4) both sensitive relays are energized, (5} contacts inthe sensative relays are closed
against the opposing pull of spring tension, {6) the power relay 1s energlzed, and (7) the
contacts of the power relay are closed against spring tension Open or short circuits in the
tubes, meters, lamps, photocells, or relay coils will cause an alarm, as will localizer
transmission failures This type of circuitry Tepresents a higher degree of fail-safeness in
the monitor alarm circwts than has been available in previous monitors

Since the condilion of fail-safeness 1s always a matter of degree, the following
definition has been adopted 1n this work A momtor 1s not fail-safe 1f 1t can fail without giving
an alarm during a period of normal localizer transmassion

Suppressor Course-Sensitivity System

In reference again to Fig 39, field detector E 1s located at a point 4.5 db off the back
course of the suppressor antenna array The 4.5-db point provides operation of the momtor
alarm circut for an0 89-db change in course sensitivity, This 1s the same limat of 0 89 db
used for the on-course momitor, and 1t allows the use of 1dentical monitor equipments
Detector umt E 15 1dentical to the modified Type CA-653 detector described previously,
except that 1t 1s fed by 1ts own dipole 1n the usual manner, It 1s not modified for RG 8/U cable
input. The output of this field detector 15 connected to an alarm panel and its switch 1s thrown

to the off-course position, corresponding to the direction of the displacement of the f1eld
detector off-course This alarm panel 1s identical to those already described, and the output
of thas panel becomes the suppressor course-sensitivity alarm
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Fi1g 44 Alarm Meter

Field-Ratio System

The field-ratio momtor requires two dipoles, F and G See Fig 39 Dipole F 1s placed
on the 150-cps side of the directional antenna, and dipole G 1s placed on the 90-cps side of the
suppressor antenna These dipoles are so located that they each receive the same field
intensity from their respective antenna arrays, furthermore, during normal localizer trans-
missions, the 90-cps signal induced 1n one unit 15 equal to the 150-cps signal induced in the
other The r~f outpuis of these two dipoles are fed to detector H through a T-connection
Detector H 15 1dentical to detectors C and D It 15 connected through a 600-ohm line to an
alarm panel 1dentical to those previously described, and 1ts switch 15 set for on-course signals

If the suppressor field strength should decrease, then output from dipole G will decrease
the 90-cps signal detected will be less than the 150-cps signal, and an alarm will occur
Simailarly, an alarm will occur for a decrease in directional field strength, except that in this
case the 150-cps signal will decrease It should be noted that if both the directional and the
suppressor fields fall off 1n the same ratio there will be no alarm, because the automatic-gain
control in detector H will provide constant 90- to 150~¢ps output with lowered r-f input This
necessitates an additional field-strength alarm system which will be described

Field-Strength and Audio System

Field detector T, Fig 39, 1s used to provide the reduced field alarm It 1s a standard
Type CA-653 detector head with the cathode=-circuit modification consisting of the 65F5
described previously and a connection to the cathode of the 6HéE diode detector to provide a
d~ level which 1s proportional to field strength Since this detector 1s not provided with
autornatic gain control, 1t can be used as an r- level indicator. The direct current 1s fed to a
meter with photocell alarm circults to provide an alarm should the carrier power decrease
motre than 50 per cent A further requirement of the monitoring system 1s that 1t shall provide
an audio cutput to check voice and i1dentification transmissions This same field detector
provides the required audic output, and 1t 15 the only one which will do so because the other
field detectors are equipped with 90- and 150-cps filters to suppress voice and identification
signals

The Time-Delay System
The time-delay system provides two separate time delays necessary for satisfactory
operation of the monitor The starting time delay 1s a 60-second delay during which an alarm

3These filters are necessary in the other field detectors to prevent distoriion of the
90- and 150-cps components with voice modulations as high as 50 per cent

GPO B0802T7T — 2
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Fig 45 Schematic Diagram of Time-Delay System

cannot occur 1n order to allow the transmitters and the momitor to warm up when power 1s
restored after power failure The alarm time delay makes 1t necessary that an alarm
condition persist for five seconds before an actual alarm occurs, so that transient effects such
as caused by passing aircraft will not cause an alarm when the localizer 1s operating normally

Fip 45 1s a schematic diagram of the time-delay system The circuit requires power
in all relay coils and requires closure of normally open contacts to prevent an alarm Should
the motor-driven taimer fail to run, the 90- and 150-cps modulation components will not be
applied to the localizer and thereby will give a flag indication to the palot. The traffic-control
tower will also receive an alarm indicating, 1n this case, a monitor failure.

The time delay provided by capacitor Cy, in F1g. 45, ts made adjustable by the variable
resistor Ry Capacitor G, 15 used to prevent relay Ky from releasing during the time requred
to actuate Telay K; Relay K5 15 provided with the necessary contacts to control the standard
automatic-transfer umt

TESTS

Over-all operational tests of the momnitor system were performed An instrument truck
equipped with a Collins navigation receiver was used at the approach end of the runway to
determine course position and course sensitivity. Adjustments which would affect course
position and course sensitivity of both the directional and suppressor localizer systems and
also the power ratio between them were made in the transmatting equipment The Federal
Telecommumcations Laboratories dual mechanical modulator lends 1tself particularly well
to an evaluation of this type because of the ease with which modulation percentage and course
sensitivity can be changed A tabulation of the test data follows
(Note These tests were made before automatic-gain controls were added to the detectors.)
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Condiuon 1

Ilocalizer normal with course centered and course sensitivity equal to 5°

Truck Location

Runway center line
2 5° left of center line
2.5° right of center line

Instrument-Truck Readings

(pa)

0 60
152 60
147 60

Condition 2

Course shifted by decreasing percentage of 150-¢cps modulation until monitor alarmed

Truck Location

Runway center line
2 5° left of center line
2 5° right of center line

Monitor Readings

On=course directional
Off-course directional
Off-course suppressor
Field ratio

Instrument-Truck Readings

(wa) (degrees)
12 5 right 0.21
158 -
123 -
Left Meter Right Meter
82 31 (alarm)
B4 36
6l 62
68 52

Condition 3

Course shifted by increasing percentage of 150-cps modulation until monitor alarmed

Truck Location

Runway center line
2.5° left of center line
2 5° right of center line

Monitor Readangs

On-course directional
Qff-course directional
Off-course suppressor
Field ratio

Instrument-Truck Readings

{pna) (degrees)
19 left 0.316
139

160+ (off scale)

Left Meter Right Meter
31 (alarm) 88

31 (alarm) 90

62 59

59 72
Condaition 4

Course sensitivity increased by increasing sideband power until monitor alarmed

Truck Location

Runway center line
2 5° left of center line
2.5° right of center line

Instrument-Truck Readings
(ia)
0

148
184

These i1ndicate a course sensitaviiy of 4 03°

Momnitor Readings
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Monitor Readings Left Meter Right Meter
On-course directional 58 59
Off-course directional 31 (alarm) 85
Off-course suppressor 61 60
Field ratio 54 66

Condition 5

Course sensitivity decreased by decreasing sideband power until monitor alarmed

Truck Location Instrument-Truck Readings
(a)

Runway center line 1 left

2 5° left of center line 118

2 5° ripht of center line 118

These indicate course sensitivity of 6 35°

Monitor Readings Left Meter Right Meter

On-course directional 59 55

Off-course directional 89 32 (alarm)

Qff-course suppressor 62 59

Field ratio 69 52
Condition 6

The suppressor-antenna carrier power was reduced until the momtor alarmed

Suppressor-antenna carrier power before reduction = 15 5 watts

Suppressor-antenna carrier power after reduction = 8.5 watts
Monmnitor Readings Left Meter Right Meter
On-course directional 58 56
Qff-course directional 62 62
Off-course suppressor 32 67
Field ratio 30 (alarm) 87

Thus, the alarm occurred when the suppressor power was reduced to 55 per cent of normal
Condataon 7

The directional-antenna carrier power reduced until the momtor alarmed
Directional-antenna carrier power before reduction = 37 watts

Directional-antenna carrier power after reduction = 20 watts
Monitor Readings Left Meter Right Meter
On-course directional 54 44
Off-course directional 81 3z
Off-course suppressor 64 54
Field ratio 87 31 (alarm)

In this case the alarm occurred when the directional power was reduced to 54 per cent of
normal

Another test conducted consisted of driving a large van-type truck in front of the
directional antenna at varying distances from the array. The flat side of this van measured
approximately 12 feet x 7 feet and, when the cab and engine compartment were included,
presented a large reflecting surface On a track parallel to the long dimension of the wave-
guide and 25 feet 1n front of it, the truck caused at the appioach end of the runway a course
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shift of 0 25° which did not affect the momitor appreciably When the truck was driven on a
track 50 feet 1n front of the waveguide, the course shift was 0 12° and probably represents the
closest that any reflecting object should be allowed to appreach the antenna, The monitor,
however, 1s not able to detect the presence of such reflectors unless they are very close to the
monitor dipoles

Another test made on the monitoring system permitted the determination of the position
sensitivity of the dipoles feeding the on-course and off-course directional-array detectors
One of the dipoles was moved as much as eight inches from the normal position along a line
parallel to the long dimension of the waveguide, and only small indications appeared on the
monitor alarm panels.

Dipoles at Normal Position Left Meter Right Meter
On-course monitor 61 61
Off-course monitor 6l 61

One dipole displaced 8 inches

On-cour se monitor 64 56
Off-course monitor 64.5 57 5

Movement of one dipole on the other axis (that 15, closer to the wavegwde) made a large
difference 1n momtor readings, however,

Dipoles 1n Normal Position Left Meter Right Meter
On-course monitor 61 6l
Cff-course monitor 61 61

One dipole moved 1l inch closer to waveguide

On-course montor 67 5 52.5
Off-course monitor 715 50

Same dipole moved 2 inches closer to waveguide

On=course monitor 74 45
Qff-course momtor 83 41

Same dipole moved 3 inches closer to waveguide

On-course monitor 80 39
Off-course momtor 89 34

From the immediately preceding data 1t can be seen that the position of the dipoles must
be held within close limits 1n the axis perpendicular to the long dirmension of the wavegmde but
that the position in the other axis 1s not very critical. These dipoles are supported by 4-inch
by 4-inch posts set in concrete and have not been aifected sigmficantly by frost heaving The
reason for the greater position sensitivity in the one axis 1s that the r-f phase relationship
between the signals picked up by the two dipoles 1s altered and causes the momitor to indicate
off-course for the same reason that the length A, discussed earlier in this report, sumulates
an off-course detector Simularly, the lines from the two dipoles must be matched as closely
as possible.

An attempt was made to determine the effect of a large bird perched on the end of one
of the dipoles in front of the waveguide To simulate this condition, a meter box with
dimensions 6 inchés by 4 1/2 inches by 3 1/2 1nches was hung on the end of one of the
directional-array-momtor dipoles. The presence of this box caused an alarm on both the
on-course and off-course directional-monitor panels. Another test made consisted of
wrapping & wet cloth about two feet square around the end of the dipoles. This loading caused
the monitors to read as follows
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Condition Left Meter Raght Meter
On-course directional 46 86
Qff-course directional 38 88

These readings did not give an alarm but were so close to alarm that only a small change 1n
the transmaissions would have caused an unnecessary alarm. It would seem desirable to
provide some protection such as a plastic enclosure around the dipoles against birds

To aid further i1n the evaluation of the monitor and the localizer 1tself, two independent
receivers were installed at the approach end of the runway, each receiver being equipped with
recorders and separate antennas operating on a continuous basis to record course ana course
sensitivity FEach receiver had three uipole antennas associated with 1t, one located on the
runway center line and one on each sice, 3/4° from the center line Clock-driven relays
switched the receiver 1puts sequentially to these antennas, so that the recelvers produced
contlnuous course recordings interrupted once an hour by a course-sensitivity measurement

Ancther aid in the monitor evaluation was the equipping of each monitor alarm panel with
plug-1n jacks supplying outputs proportional to the r-f level (this connection was brought back
from the detector cathode in the Type CA-653 field detectors), the audio level (combined 90-
and 150-cps voltages), and the localizer course These outputs were connected to a recorder
through a stepping sequential switch which advanced every three minutes This system was
operated continuously for more than six months, during which period there were only a few
interruptions for modification of the monitor panels. The results of these recordings were
compared with the results of the two receiver recordings described earlier, and the conclusion
was drawn that the monitor 15 slightly more sensitive to localizer variations {which were very
small) than were the receivers

CONCLUSIONS

As a result of the experience pained during several months of operation of this momtor
in conjunction with the 100-foot slotted-wavepuide directional localizer at Indianapeolis an
addition to special tests, 1t 1s concluded that

1 The system described adequately protects against all but the most improbable deviations
from a normal transmission from both the directional and suppressor arrays.

2 The aperiure method of monitoring a wide-aperture array 15 satisfactory and equivalent
to remote-monitor pick-ups, except in the case of a large reflecting object very close to the
array (less than 50 feet), On the other hand, the aperture momtor 1s superior to remote
monitors with regard to transient disturbances from low-flying aircraft

3. The monitor 1s considerably more fail-safe than earlier designs

4 The automatic-gain control used in this monitor 1s simpler and more stable than d-c
amplifier types

5. The monitor 1s very useful 1n adjusting the carrier-sideband phasing of the directional
localizer

6. The simplicity of design and the fact that all four alarm panels are 1dentical are
advantages of considerable economic importance, both with regard to first cost and to
maintenance.
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