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THE DEVELOFMENT OF A STRAIGHT-LINE GLIDE PATH

SUMMARY

A constant intensity type of glide path was developed and ipstal’ed at
the Aaministration's Experimental Station in Incianapolis in 1935 In this
system the resulting path was curved and parabolic 1in shape However, pilots
inclcated a preference for a straight-line type of path where the rate of desczent
renained at an essentially ccnstant value  The original curved constant intensity
path was rodified to provide a more nearly straight.-line path but some degree of
curvature sti1ll remained

Early indepencdent studies by Mr H TLiamond of the National Bureau of
Standards and Mr D M Stuart of the Civil Aercnautics Admnistration indicated
that a straight-line equi-signal type of glide path would be superior inasmuch
as variations in receiver sensitivity or trarsmitter power output would nct change
the angle of the glide path  The patt wculd bte caused by the overlapping of
patterns in a vertical plane with each lobe modulated with a different frequency.
Thas system was tested 1n 1938 and later developed tc the eatent shown in this
report

It 1s concluded that a satisfactory straight-line gliae path has been
developed The glide angle can be varied from 2 to 5 aegrees The glide angle
of the Indianapolis syster provided a 2 72 degree path  Full-scale deflection
was ovta-ned at O 51 degrees acove the path ana O 65 aegrees below the path  The
use of the present system 15 limited to altztudes below 3000 to 4000 fsst because
of the lack of sufficient receiver sensitivity or transmitted power  The "fly—up"
alarm circuit in the receivar 1s a very satisfactory device to warn the pilot of
a farxlure of the glade path during an approach The circuit does not interfere
with> the path operation in any way as long ac trere 1s sufficient signal to keep
the receiver witbin the mmits of automatic volume control  The path 18 satis—
factory dewn to an altitude of approximately 100 feet where 1t becomes very sharp,
irregular and difficult to fly to contact

INTRODUCTION

The history ard status of the development of early instrument landing
systems involving gliade path equlgment for guidance 1n a vertical plane has been
dzscussed in previous reportsl:z, These reports cover the develcpment completed
pricr to 1940 ana deal primarily with the constart irtensity type of glide path.

For these systems, the glide path 15 determined by a locus of points of equal

radiated fiela intensity. The shape of the path 15 parabolic conforming approrimately
to the equation h = kd% where h 1s the height of the path, d 1s the Forizental dis-
tance and k 15 a constant 1avolving receiver gain and trarsmitter power 4 complete
system containing a parabolic constant intensity glide path was installed and deron-
strated at the Admimistration's Experimental Station neer Indianapolis, Indizna, in
October, 1939

The experience gained durang the tests and demonstrat ons of the parabolie
constant intensity glide path indicated trat pilots preferred to mele a landing

1
W E. Jackson, "The Status of Instrumen. Tand.ng Systems", Teclrnical Development

Report ho 1, October, 1937

2
H I Metz, "The CAA-RTCA Instrurent Lanaing System, Part I, Development and
Installatron", Technical Development Raport Mo 35, October, 1943

3
H I Metz, "The CAA-RTCA Instrument Landing System, Part II, Tests and Moaifica-
ticns”, Technical Development Repcrt No 36, October, 1943



approach at a constant rate of descent along a straight line to the azrpert. This
type of approach was not possible using the parabolic path  Consequently, the
curved path was modificd to provide a mores nearly straight-line path  However,
soma degree of curvature still remarned The mocified glide path equipment was
demonstrated to the Radio Technical Commission for Aeronautics, the Air-Laine
Alots Associotion, the Air Tramsport Association and other interested agencies
early in 1940

Late 1n 1939 the National Academy of Sciences was requested by tne President
of the Unitea States to review the instrument lanling program and make recommenda—
tions for the standardization of such systems4 It was the general opimon of the
comnittee that the system containing the rodified constant intensity path was
surtaole for 1nmediate aimstallation al chosen points throughout the country It
was also agreed that tre preliminary research resuvlting in a straight-line equa-
s1gndl type of path operatirg in the microwave region offiered additional advantages
over the partially curvel glide path system It was recommended that the equi-
s1gnal type of equipment be further developed

On September 2, 1936, Mr. H Diamond of the Natiomal Bureau of Standards
prepared a report on a sysler that would produce an equi-signal type of glide paths,
The proposed antenna syscem consisted of two antenras arranged at different eleva-
tions so that overlapping vertical patterns having dirferen: modulation frequencies
were obtained. The glide path was produced by the interssction of these twe over-
lepping patterns where ecual 1ntensity ol moculation frequencies existed Mr Diamond
suggested the use of 300 megacycles because this frequency would perrit the use of a
relatively low anten-a system on the ground

Barly 1n 1938 Mr Stuart of the Admimstration's Radio Development Section
designed an equi-signal (straight line) type of glide path system operaling at
109.9 megacycles w*ich was installed at the Indianapolis Experamental Station  The
two antennas vere horizontal dipele radiators elevated at different heights - the
uppermost being about twenty-seven feet abowve ground  Each antenna was modulated
with a different audin frequency. &4 mechanmical modulator was used o provide Q0-
and 150-cycle rodulation A straight-line path of approximately 4 degrees was
obtained Flight tests were cenducted in July, 1938 A phctograph of the antenna
system for this glide path 1s shown in Figure 1.

In the Spring of 1940, the Admmstration conducted final flight tests at
Beston, Massachusetts, on a 750-megacycle instrument approach system. Tris system
was produced as a result of a development contrazt with the Massachusetts Institute
of Technclogy The system provided ar eguni-signal type of glide path formed by the
overlapping patterns of two horn radiators The tests revealed that a glice path of
less than 4 degrees could not be proauced with horn radiators of z reasonable size
at the freguency usec and tlral the technigue of generation and measurement of micro
waves was not known well enough to justify fwrther devslopment at that time

As a result of tre experience gainad in the development of previous equi-signal
types of glide path systers, the Civil Aercnautics Admirastration adepted a program
to further develop ar equa-signal glide pabh operating in the 30C-megacycle band. Thas
band was chosen because the measuring technique was known, the elevation of the anterna
system aould be low and reasonable crystal-controlled power output would be obtained
with conventional tubes. This glide path would operate 1n conjunction with a 110-nega-
cy.le localizer and 75-megacycle msrkers to provide a complete 1nstrument approach
system, A contract for this development was awarded to the Federal Telephone and Radio
Corporation on June 30, 1941  The project was undertaken immediately

4ClVll Aeronzutics Journal, Volume 1, No 3, February, 1940,

5H. Diamond, "An Ultra-High-Frequency Equi-signal Beacon for Producing
an Inclined Path 1n a Vertical Plane, Appendix T



Several months later, because of urgent mlitary demands, the War Department
decided to accelerate this development and make the glide path portable so that 1t
could fulfill their requirements. The War Department participated in this develop-
ment and tests were conducted jeintly wath the Admmastration at the Experimental
Station as well as at the Pittsburgh and Cincimnati airports. A large grantity of
portable straight-line glide path umits were produced and some of these portable
umts are now being modified and installed by the Cival Aeronautics Administration
as a fixed type glide path at caval and mlitary airports It 15 one of these
portable unmits that was modified for a fixed installation at Indianapolis that is
described in this report F

GROUND EQUIFPMENT

The straight-line glide path system radiates two field patterns, one of
which 15 modulated at an audio frequency of 90 cycles per secand and the other
at an audio frequency of 150 cycles per second. The equi-signal intersecticn
of these patterns results in the straight-line glide path., These signals are
received 1n azircraft and actuate the horizontal needle of a crossed-pointer instru-
ment which instructs the pilot to "fly up" or "fly down" to keep the airplane on
the path  The verticzl angle which the path makes wath the ground can be adjusted
from 2 toc 5 degrees. 4 localizer equipment 1s used 1n conjunction with the glide
path to provide lateral guidance The cuter, middle and inmner markers, provided
for the complete imstrument landing system, indicate distance from the point of
contact. Figure 2 1s a general view of the complete system.

Transmitter

The equipment used 1n these tests operated on a frequency of 335 megacycles.
The transmtter equipment consisted of an exciter unit and a power amplifier umit.
The exciter unmit was crystal-controlled using a crystal havang a frequency of 6203
kilocycles Following the crystal was an oscillator-tripler using a type 65J7 tube,
a doubler using another 65J7 tube, a tripler using a type 832 tube and an amplifier
using a type B29 tube, The exciter provided an output of 20 watts of 111 6h-mega-
cycle energy to the power amplafier upit Fagure 3 1s z photograph of the exciter
unit.

The power amplif:ier consisted of a push-pull tripler stage followed by push-
pull inverted amplifier circuit  Each stage employed two type 8025 tubes. The
power cutput was 25 watts at 335 megacycles  Figure 4 1s & photograph of the
power—amplifier unit

Modulator and Bridge

It 1s the functicn of the modulator and bridge te divide the energy supplied
by the transmitter i1nto proper channels and modulate each with 1ts respective audio
frequency The bridge 15 used for the division of energy and for the prevention of
cross-modulation, while the coupled sections in tHe modulator are used for modulating
the energy. The general theory of operation of the mechanical modulator and bridge
arrangement has been described i1n a previous Reportl A schematic diagram of the
circuits used 1n the glide path equipment 1s shown in Figure 5. Figure 6 15 a photo-~
graph of the mechanical modulator and Fagure 7 shows the bridge assembly.

Momitor Unit

Because of the nature of the glide path equipment, it 15 essential that com-—
plete reliability be maintained. Therefore, :f any component of the equipment fails
and causes the path to become shifted, or, 1f the amount of energy being radiated
falls to an excessively low level, the transmitter must be turned off It 1s the
function of the monmitor umt to detect any undesirable change in radiation and,

1Rad10 Development Section, "A Visuval-Aural Ultra-iigh-Frequency Radio Range With
Simultaneous Voice", Technical Development Report Mo 49, April, 1945.
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havaing detected such a change, to turn the transmitter off and sourd an alarm When
the glide path equipment 1s operating normally, & green light 1s energized However,
when the radiated field strength varies more than 50 percent or the glide path angle
varies more than 10 percent, an alarm sounds and a red laght 1s energized A momitor
meter on the umit provides a quantitative indication of the glide path signal strength
and deviations of the glade path angle Figure 8 1s a photograph of the momitor unit

Figure 9 1s a general view cf the complete transmtter equipment 1necluding
power supply and conirol umt

Radaiating System

Figure 10 1s a photograph of the building and antennz installation at
Indianapolis The lower antenna i1s a half-loop with a screen reflector Thas
antenna produces a uniforr signal over broad regicns to sach side of the perpendic-
ular to the screen reflecter. The ends of an abruptly terminated screen tend to
radiate considerably  However, the dimensions of the screen used for the glade path
equipment have been selected and the ends tapered so that the tendency for radiation
1s appreciably reduced While the physical length of each radiating element 13 90
degrees, the electrical length 15 approximately 180 degrees with the current maximum
located approximately at the center The radiation resistance of the radiataing
elements 1s 350 ohms which 15 transformed to 125 cohms by means of a quarter—
wavelength transformer inside the antenna tube The monitor pick-up 1s a loop of
copper strap One end 1s grounded to the antenna frame while the other end feeds
the coaxial line to the monitor equipment. The input impedance of the momitor pick-
up 15 50 ohms  The amount of signal picked up by the monitor loop 15 varied by
rotating the plane of the loop Figure 11 shows & close-up view of the lower antenna
and screen

The upper anftenna 1s an array of twe end-fed "V-type" antennas with dipole
reflectors The V antennas are fed in phase and are spaced 180 degrees vertically
The cipole reflectors provide a front-to-back ratioc of about 5 te 1 and a sharper
forward radiation pattern

The lower reflector 1s also used as a pick-up antenna for the momtor system
An end-feed arrangement 1s used to extract energy from each end of the reflector
Figure 12 shows the upper antenna assembly for the glide path system

The glide path antenna system makes use of the fact that the number of lobes
in a vertical plane increase as the height of the antenna 1s increased The top
antenna being a number of wavelengths above ground produces a vertical field pattern
having approximately 15 lobes for a 2 5-degree path. The lower antenna 1s placed
much closer to the ground resulting in only three lebes. Thus, one antenna may be
placed several wavelengths above a second antenna to preduce overlapping vertical
patterns as shown in Fagure 13  The vertical angle shown in Figure 13 is greatly
exaggerated to more clearly indicate the lohe intersection for the glide path
Consequently, not all of the high angle vertical lobes are shown  The intersection
of these patterns which are each modulated with different frequenecies proauces the

lide path  The vertical pattern of the antenna elements i1s expressed by m = sin
360 h sin b) where m 15 the magnitude correspending to an angle b above ground
and h 1s the heaight of the antenna in wavelengths above ground

If the maximum magnitude of the lobes from the upper and lower antenna is
equal, or, 1f the magnitude of the lobes from the upper antenna i1s greater than that
of the lower, then multiple paths or low clearance exists The lower antenna, there-
fore, receives btwice the voltage over that supplied to the upper antenna. Thas
insures against multaple path and low clearance. Actually, the clearance of the
equapment tested was sucn lhat tle needle of the instrument never indicated less
than 4 dots 1n either direction (eighty percent of full-scale deflection) except in
the vicinmity of the glide path



In operation, both the upper ard lower antennas ere energized by the
335-megacycle signal from the modulator The carrier fed to the upper antenna
15 modulated by the 150-eycle channel of the modulator while the lower antenna
receives 90-cycle modulation. The airplane receiver detects the composite signal,
measures the difference between the amplitudes of the two audio signals and
indicates the result on the horizontal needle of the crossed-pointer instrument.
When the 90-cycle signal exceeds the 150-cycle signal, the horizontal needle points
down 1nstructing the pilot to "1y down". An excess of 150-cycle results in a "fly
up" i1ndication. TWhen the two signals are equal, the pointer 1s horizontal and
indicates that the aircraft 1s at the center of the glide path.

The vertical fiela patterns of both the upper and lower antennas for a
2.5-degree patl are shown in Figure 15. Up to this point all calculations have
been based on single dipoles having no vertical directivity of their cwn  Actually,
the glade path antennas are designed to have low angle directivity to avoid wasteful
radiation at high angles The radiation 15 uniform up te an angle of 8 degrees,
falls off 10 percent at an angle of about 23 degrees and drops off rapidly at angles
exceeding 23 degrees However, the equation m = sin (360° h sin b), which 15 based
on ground reflection only without allowance for the directivity of the indivadual
antennas, may be applied to the glide path radiating syster for angles belom 20
degrees without the introduction of additicnal factors

Fagures 13 and 15 show a false path at a vertical angle of approximately
16.5 degrees. An airplane below this path would receive a "fly down" i1ndication
which weculd direct the pilot toward the true path A plane above the "false path"
would receive a "fly up" indication resulting in a climbing attitude thereby indicat-
ing to the pilot that the course 1s false In any case, the reverse 1ndications
combined with extreme steepness and sharpness of the path makes 1t impossible to
fly this path at a normal rate of descent (400 to 500 feet per minute).

The most practical method of changing the glide path angle 1s by changing
the elevation above ground of both antemmas. This change will alter the configura-
tion of the lobes and the intersection will occur at a different elevation. The
glide path equipment 1s designed to operzte at amy of eleven path angles which are
obtained by setting the antennas at switable heights on the supporting mast. Cali-
bration points are marked on the mast for glade path angles of 2, 2 25, 2.5, 2 75,
3.0, 3.25, 2.5, 3.75, 4.0, 4 5 and 5 0 degrees. A glide path angle of 2 5 degrees
has been determined to provide tne most satisfactory operation for fixed installa-
tions,

In the previous discussion, 1t has been assumed that the straight-line path
terminated at the base of the antenna mast  Actually the glide path transmitting
equrpment must be located at a safe distance to cne side of the runway This
distance has been determined to be approximately A00 feet. Therefore, another
vertical section of the radiation solid must be used This requirement causes a
slight modification of the horizontal radiation patterns The upper antenna 13
designed to have horizontal directivity, radiatang 1ts full power forward and only
a part of 1ts full power to the sides. The heorizontal patterns of both the upper
and lower antennas are shown 1n Figure 14. The upper antenna is rotated 12 degrees
away from the horizontal antenna; the result is that the ratio of the upper and lower
antenna flelds 1s substantially constant for all azimuth angles aleng the glide path.
Both antennas are desagned to radiate negligable energy to the rear, thus increasing
the efficiency of the antenpa system  The large ratio of front-to-back energy greatly
reduces the effect of reflections from objects to the rear of the antennas which
would cause irregularities in the glide path. At Indianapolis the glide path was
located 400 feet from a point on the runway which was 1100 feet from the approach
end. A general view of the installation 1s also shown i1n Figure 14

Test Equipment
&4 path detector, field intemsity meter and single probe volimeter are pro-

vided wath the glade path equipment. The path detector is designed to obtain
measurements of the glide path near the ground. It can also be used to measure
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the sharpness and clearance of the path. The clrcmt within the detector umt
rectifies the carrier and compares the relative ratic between the 90-cycle and
150-cycle energy.

The field intensity meter 1s a portable self-contained instrument for
measuring relative field intensity This instrument 1s used to measure radiation
patterns of the indivadual antemnas znd to measure the phase difference between
the antennas when they are coperated together.

The single probe veoltmeter is used for wverious radio-frequency measurements.

ATHACRAFT EQUIPMENT
Receiver

The receiver used 1n the tests was designed to operate at 332.6, 333 8 and
335.0 megacycles. The receiver 15 a crystal-controlled super—-heterodyme which
operates from a 24 to 28-volt battery power source and cbtains 1ts plate supply
directly from the battery. Figure 16 1s a block diagram of the receiver. & "fly
up" alarm circuit 1s included asg an integral part of the receiver and 13 designed
so that the horizontal needle of the indlcator wlll always remain an a full "fly
up" position when the signal becomes less than 50 microvolts. Thls feature prevents
the pilet from believang he 15 on the path 1f the ground equipment fails during
the approach Some of the direct cvrrrent 1s taken from the 24{-volt supply and fed
to the zero-center glide path indicator to cause 1t to deflect to the top of the
scale, The alarm current is controlled by a sharp cut-off amplifier which obtains
1ts control veoltage from the automatic volume ceontrol circuit. A schematic diagram
of the "fly up" alarm circuit 1 also shown i1n Figure 16 A general vaew of the
receiver 15 shown in Figure 17 A group of automatic volume control characteristics
of several receivers 1s shown in Figure 18

Antenna and Indicator

The receivaing antenna consisted of a half-wave dapele which was mounted on
the same pedestal that supported the localizer YUY antenna This combined lccalizer
and glide path receiving antenna assembly 15 shown in Figure 19. The 1ndicating
instrument was a stamndard crossed—pointer meter as shown in Figure 20.

TESTS

The final tests recorded im this report were made in Aaministration Alrplane
NC-11, a Boeaing type 247-D, during the period March 7 to 18, 1945, although nmumerous
preliminary tests were conducted throughout a period of nearly two years.

Before taking final recordings, tests were made in an attempt to determine the
overall operation of the glide path eqmpment. The antemnna system was adjusted to
provide a 2.5-degree path. These tests indicated that there was insufficient "fly
up" indication during approaches to the path at an altitude of 1500 feet The "fly
up" indication under these conditions did not exceed 2 dots (40 percent of full scale).
This indication was believed to be ipsufficlent. An i1nvestigation of this fault
revealed that the lack of "fly up" indication was due to both a lack of sufficient
radio frequency energy radiated from the ground antemnna system and a lack of receiver
sensitivity. The power output from the transmitter was found to be below normal and,
upon rectificetion of this condition, a "fly up" indication of 4 dots (80 percent of
full scale) at 1500 feet was obtalned. However, a 4—dot "fly up” indication was not
obtained ataltitudes above 1500 feet because of receiver lnsemsitivity, although 1t
was actually the most sensitive of a group tested. Previous models of glide path
receivers which tuned to only one radio frequency had much higher sensitivities
and consequently, could be used to much higher altitudes.



The first group of final tests was made at constant altitudes of 500, 1000,
2000, 3000, 4000 and 8000 feet. These tests were made to determine the course
width, the path angles, the amount of clearance provided and the general composi-
tion of the radiated fireld The receiver was arranged So that the "fly up" alarm
circuit could be used, de—energized or keyed on and off The purpose of thas
arrangement was to determine what effect the alarm circuit haa on the glade path.
The results of these tests are shown in Figures 21, 22 and 23. The flight altitudes
for the tests shown on these figures were 500, 1000, 2000, 3000 and 4000 feet
above the transmtter Figure 21 shows the results obtained without the alarm
circuit, Figure 22 is simlar except that the alarm circuit was operating; and,
Figure 23 shows the alarm circuit being keyed on and off The check points used
were the towns of Hall, Monrovia, Meeoresville, 5 42-male point, outer marker and
middle marker. The middle marker was located 1 13 mles from the point of contact.
The worst clearance cbtained was at 3000 ana 4000 feet where the needle returned to
approximately 3 dots, The lack of sufficient radiated power or the absence of
recelver sensitivity 1s apparent on the figures, where the on-course receiver filter
input voltage decreases appreciably with altitudes above 1000 feet  The voltages
obtained are shoma in the following table

TABLE I
Altitude Abcove the Station Receiver Filter Voltage
500 feet 12.5 volts
1000 11 5 tp 12 O
2000 85t 90
3000 40t 65
4000 approx 4.0

The fact that the filter voltage decreases with increasing altitude andicates that
the receiver i1s operating below the knee of the automatic volume control characteris-
ties at tre higher altitudes

Since the check pointa were accurately noted on the records, the ground speed
and miles per inch of chart can be computed. The chart speed for all recordings
was & inches per minute. From thas data and the five-det deflection points of the
instrument as well as the actual altitude at the on-course point, the glide path
course width can be computed. The actual altitude at the cross—over 15 shown on
each recording Taule II shows the course widths {full-scale up to full-scale down
deflection) computed for each flight. Course widths were not computed on the
recordings obtained at altitudes above 1000 feet because 5-dot "fly up" indicaticns
were not obtained and the course was broadened at those altitudes because of the
decrease 1n filter voltage

TABLE II
Course Width Below Course Mdtk Above
Altitude |Path Cemter (5-dot "fly up") | Path Center (5-dot "fly down")
1000 feet 0.7C degrees 0.46 degrees
0.70 0 60
0.68 053
500 feet 0 65 0 55
0.60 0.50
0 56 0.41

Average 0.65 degrees 0.51 degrees




The same data that 15 used to compute the course wicdth can also te used to
compule the actual path angle Table III shows the path angles corputed for
each recording.

TABLE IT1I

Altaitude Alarm Circuat Path Angle

4000 feet Insconnectea 2.80 degrees
Keyec on and off 2.80%

30C0 feet Taisconnected 2,73
Connected 2.80
Keyed on and off 283

2000 feet Iiscormected 2,70
Connectea 2 70
Keyed on and off 2.76

1000 feet Disconnected 2,70
Connected 2.70
Keyed on ana of® 2.53

500 feet Dascennected 3.00
Connected 2.60
Keyed on and off 2.37
#Cff commection used for computation
Average 2.72 degrees

The recordings 1r Figurss 21, 22 and 23 indicate that the alarm circuit
causes the glide path to be pushec zhead of the true path at zltitudes above
3000 feet. Above 300C feet the alarm circuit has not become completely de-
energized and the actual path center i1s displaced. Figure 23 shows this efiect
very well where the alarm circult 18 keyed At an altitude of 4000 feet &
difference of 0.3 degrees 1s noted between the alarm on anc alarm off condition.
The path angles 15 2 # degrces without the alarm circuit and 3.2 degrees with the
circwat operating.

Approximately ten instrument approaches were made down the glade path from
an altaituae of 150C feet. One approach was made from an altitude of A0QC feet.
These descents were made along the center of the lccalizer course  In addition,

3 approaches were made down each side of the localizer course with the localizer
indicater maintained at a 4-dot deflectzion, 1 e , approxaimately 2 degrees off the
center of the localizer course. A summary of these tests 15 shown 1n Figure 24.
The two charts at the top of twe figure show the descent along the center of the
localazer course from 4000 feet, This 15 the maxymum altitude from whaich a
descent could oe made since a 1-dot "fly up" deflection was barely obtained
approaching under the path. The next three charts show one descent each along the
center of the ccurse, along a line cff the localizer course with the indicator 4
dots to the right and along a line off the localizer course with the indicator

4 dots to the left. These recordings are representative of several obtained. All
of these tests were made wath the "Ily up" warning cireult rendered inoperative.
The recoraings irdirate that the glide path 1s completely satisfactory and easy

to follow down to approximately O 8 miles from the point of contact (approxamately
200 feet of altitude). Beyond this point at an altitude of 100 feet and appromi-
mately 0 5 miles from the point of contact, the gliade path levels off slightly
with some arregularities and then dives into the ground. It 1s considered thst
the path 15 satisfactory dewn to 100 feet but difficult to fly below this altitude.
In all cases 1t was notea that tre filter voltage dad not gtabilize until a point
approximately over the outer marker was reached. Tris represents a distance of
approxamately 4.45 miles. When the glide path was used aleng a line slightly to
the left of the loealizer course, tha results were rpractically the same as those



obtzined along the canter of the course  However, when the glide path was used
along 4 line slightly to the right of the localizer course, the path was very
satisfactory down an altitude of 75 feet. Beyond this point the path dived steeply.

The difficulties encountered with the glide path below altiludes of 200
feet may be caused bty the new hangar which has been recently constructed a short
distance from the glide path. The path was fairly satisfactory tc contact prior
to the construction of the building. In any case, rotating the complete antenna
system plus or minus 10 degrees [rom the normal setting did not improve the path
when flown along the center of the localizer course. The elimnation of a huge
pile of dirt 10 feet in from% of the baze of the antenna mast did not improve the
path noticeably.

The two short cherts at the bottom of Figure 24 show the resuits of tax
tests along tre runway. These tests were also made with the "fly up" alarm
circult dascomnected.

The first three charts at the top of Figure 25 show a level flight test made
at an altitude of 800C feet above the station., No "fly up" signal was ever cbtained
at this zltitude. The indicator remained at gero center until the course position
was reached 1n trhe vicimity of Gosport, Indiana, and then started to i1naicate
"1y down".

Another group of tests shown on Figure 25 indicates the directaivity of the
airplane receivang antenna. These tests were made by circlaing on the localizer
gourse above the glide path at a distance of 6 mles from contact and at an
altitude of 2000 feet. The airplane was flown in approximately a 20-degree bank
and in a relatively small carcle. The circles were made in both a clockwise and
counter—clockwise direction with the "fly up" alarm circuit connected and dis-
comnected. The results of this test i1ndicate that the antenna which 1s mounted on
the nose of the plane jJust ahead of the cockpit gives satisfactory performance
within approximately plus or minus 30 degrees of the heading of the airplane.
Beyond these points the pick-up drops off rapadly. The reception to the rear was
So poor as to make 1t impossible to fly the glide path away from the station. Thas
effact 15 shown on the recording at the bottom of Figure 25 where a level flight
was made away from the station in the direction of mammum signal from the ground
equipment, Figure 26 15 a chart showing the gemeral performance of the glide path
including the path angle and width.

GONCLUSIONS

As a result of the tests conducted on the fixed glide path installation at
the Indianapolis Experimental Station, the following conclusions may be reached

1. The path angle 1s 2 72 degrees when the antennz elements were adjusted
for 2.5 degrees. This path angle 1s considered satisfactory.,

2. The glide path course wadth 1s plus 0.51 degrees and minus 0.65 degrees
for a 5—dot (full scale) instrument deflection on either side of the center of the
path

3. The clearance 1s sufficient to provide indications of at least BO percent
of full scale and 15 considered very satisfactory.

4. The receavang antenna directivity is satisfactory since instrument
approaches can be made with crab angles up to 30 degrees.

5. The giide path cannot be used above an altitude of 3000 feet with the
alarm circult connected and 4000 feet waith the alarm circuit disconrected.

6. The path 1s satisfactery down to an altatude of 100 feet



7. The glide path can be made usable at much higher altitudes by the use
of more sensitive receivers. Future receivers will have more sensitivity.

€, The glide path can be 1mproved below an altitude of 200 feet by the
aadition of corrective measures to eliminate reflections from an extremely large
hangar adjacent to the glide path site Previous tests prior to the construction
of the building andicated that the path was fairly satisfactory down to contact
with the rumway.

9. An overall conclusion may be reached that the present equipment provides
a8 satisfactory straight-line glide path below 3000 feet. The glade path may be
further improved through the use of more sensitive receilvers and the elimination
of reflections from adjacent objects,

10. The "fly up" alarm circuit in the recelver 1s a satisfactory warning
device to the pilot that the glide path equapment 1s not operating satisfactorily.
Wren more sensitive receivers are made, the fly up alarm should operate at a much
lower point than the present 50 microvolts. Ancther alternative to the receiver
problem 15 to appreciably increase the transmitter power Although this method
15 not very practical due to the limtatlons of producing radio frequency power at
this frequency.



Figure. 1.

FEarly 110-Megacycle Straight-Line Glide Path.
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General View of Indianapolis Instrument Landing System.
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Figure 3.

The Transmitter Exciter Unit.
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Figure 4. The Transmitter Power Output Unit.
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Figure 8. Monitor Unit.
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Figure 9. Complete Transmitter Equipment Installed at Indianapolis.
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Figure 20. Crossed-Pointer Instrument.
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Figure 26. General Operational View of Glide Path System.
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