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ABSTRACT 

Several series of tests have been made to evaluate 
the static performance of a technique of elevation-angle meas- 
urement based on airborne decoding of a narrow, scanning, 
Ku-band radio beam The tests were made over airport terrain, 
since the technique is intended for use In an all-weather 
Instrument landing system. Time-shared measurements using 
three scanning beams and a single airborne receiver are pro- 
posed as a full-scale landing guidance system. However, one 
or two scanning beams, especially for vertical angle measure- 
ments, can provide useful guidance for landings. 

The feasibility and accuracy of low-angle elevation 
measurements were investigated by these basic types of tests 
(1) static and dynamic loblng, showing the magnitude of the 
effects of ground reflections on propagation of the scanqing 
beam, (2) static and dynamic beamshape, showing the distor- 
tion of the received signal envelope caused by reflections, 
and (3) receiver angle readings, showing the overall static 
accuracy of the experimental system. Each type of test was 
made at various distances and azimuths from the scanning 
antenna, and under varying conditions of ground moisture, 
vegetation, equipment installation and adjustments The 
resulting data are plotted as functions of elevation angle. 

O~)tLIIIUIII condltlon~ Wl'c! fou11d to Irlcludl~ t,i11 &1'.U>S 
and low lnst‘1ll~tlon of t1113 scLw,tn& ‘lntonnn. l*l~ctor~ of 110 
appreciable significance include direction of scan, distance, 
relative azimuth, and ground moisture. It is concluded that 
the technique is feasible, and seems accurate enough for the 
intended appllcatlon. The overall system error, under sta- 
tionary conditions, tends to be about 0 02 degree. 
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I INTRODUCTION 

A technique of angle measurement, using a narrow 
scanning radio beam, has been oeveloped by Alrborne Instruments 
Laboratory (AIL) for potential applzcation in an advanced 
all-heather landing system. Although the overall system 
concept calls for the use of three scanning beams--for the 
separate measurements of two elevation angles and one azimuth 
angle--a substantial part of the required capability of all- 
weather landings would be provided by the two elevation meas- 
urements alone. Furthermore, as one of the advantages claimed 
for the system, all of the angles would be measured by tne 
same basic technique, a demonstration of satisfactory per- 
formance in measuring one elevation angle (under critical 
conditions) should therefore suffice to prove the feasibility 
of the system 

A series of field tests has been conducted under 
the sponsorship of the Feaeral Aviation Agency, Bureau of 
lii~sc,~rch nnii Dov? Lapm'nt, to ascL>18tain the p,r~>~~lsloll wl Lh which 
1111s t~dmiqu~ can 1rwa3u~ L> ~31 evdtlon allt$cs dbov~> tyul cal sir- 
port terrain Experimental "breadboard" equipment previously 
deslgned by AIL was installed and operated at MacArthur Airport, 
Islip, Long Island, New York This equipment produced a 
singie rapldly scanning, narrow beam on Ku-band (16,000 MC), 
which was received and decoded at low elevation angles over 
the airport surface. Since the main cause of errors was 
expected to be partial reflection of the beam from the ground, 
and since this should be largely confined to very low angles, 
all tests were made with the receiving equipment ground-based, 
no flight tests were included. 

This report describes the tests that were conducted, 
the equipment used, and the results obtained The operational 

1 



significance of the performance that has been demonstrated 
Is best Judged in relation to the intended application. In 
the following section, therefore, the proposed appZlcation of 
this angle-measurement technique in an all-weather landing 
system is described. 
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II. DESCRIPTION OF ANGLE-MEASUREMENT TECHNIQUE 

A SYSTEM APPLICATION 

The full-scale system concept requires one vertically 
scanning beam originating near the runway threshold, and 
another originating about 3000 feet down the runway, the 
necessary antennas are to be placed a few hundred feet to one 
side The two elevation angles relative to these sites will 
define the aircraft’s vertical position and distance-to-go. 
A third beam may be scanned horizontally from a centerline 
location beyond the stop end of the runway to provide an 
accurate measurement of horizontal deviation Each beam is 
0 5 degree wide in its direction of scan, and is fan-shaped 
to cover a 20-degree sector, also each beam is scanned through 
20 degrees, so that all three can be received in succession 
within a pyramidic volume of the approach airspace, which Is 
20 degrees square (Figure 1) 

The scan angle from each site is continuously 
encoded on the beam itself, so that the angular position of 
an aircraft Intercepting the beam is found by decoding the 
beam signal The angle reference aata on the beam are thus 
broadcast ground-to-air, and any number of airborne equip- 
ments can receive and interpret the signals directly In 
this respect, the technique is similar to the standard ILS 
and unlike GCA or any radar systems, furthermore, no DME or 
other airborne transmitter is necessary. 

The equipment at each ground site will comprise an 
8-foot pillbox antenna, driven at a speed of 10 scans per 
second, and three racks of encoding, transmitting, and adto- 
matic monitoring equipment. The scanners hill be synchronized 
so that only one signal is broadcast at a time (Figure 2). 
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A single receiver in the aircraft receives all three beams 
on a time-sharing basis, and provides three corresponding out- 
puts Each output can be usea to actuate the pilot’s instru- 
ments, path computer, and autopilot approach coupler The 
ground sites are so chosen on the airport that the measured 
angles are directly usable without cooralnate conversion (though 
height and distance can be computed, if desired). One elevation 
angle defines the glide path, a second elevation angle varies 
in proportion to height and sink rate during flareout, and the 
azimuth angle defines deviation from the runway centerline 

The operational use of the full system is Illustrated 
In Figures 3, 4, and 5. As shown in Figure 3, an aircraft turn- 
ing onto final approach at any point within 10 degrees of the 
extended runway centerline, and up to 20 degrees elevation, 
Immediately receives all signals to be used for landing 
guidance. The wide-sector localizer (azimuth) angle measure- 
ment allows a smooth and accurate turn-on, preferably by 
reference to computed steering commands from a flight director. 
Similarly, the desired glide angle, once Intercepted, can be 
maintained within suitably close tolerances by simply “homing” 
the aircraft towara the elevation scanner near the runway 
threshold--that Is, this measured angle is required to have 
zero rate of change The use of angle rate as the primary 
error signal enhances the stability of glide control, since 
no fixed path need be sought and “bracketed” after a minor 
disturbance In the event of an excessive aeviatlon from the 
intended glide angle, however, an error signal based on angle 
displacement can be added automatically to avoid the need for 
new power settings and trim 

The elevation angle measured from the flareOUt 
scanner, half a mile beyond the runway threshold, represents 
stand-by information during the initial glide. This measure- 
ment is visually and automatically monitored--first to confirm 



its quality, and second to detect the need for flareout ini- 
tiation. When flareout initiation is scheduled for any 
particular distance-to-go, the flareout trigger is provided 
by a specific relationship of the two measured elevation angles; 
most simply, a pitch-up signal is made to occur upon the 
attainment of a preselected flareout elevation angle 

Just before flareout, the true ground speed can be 
computed from a continuous adtomat1.c compaxson of the two 
elevation angles. In one form of flare controller, the speed 
provides a basis for accurate dead-reckoning of distance-to-go 
during the flareout. In a simpler form of controller, any 
deviation from an acceptable range of speeds vrould actuate a 
wave-off alarm 

During the flareout maneuver, as shown in Figure 4, 
alignment with the runway is maintained, and the rate of 
descent is decreased to the love value required for touchdown 
With the inltJ.al glide accomplishes and f'lareout initiated, 
the forward elevation measurement 1s relinquished, and the 
vertical maneuver 1s completed by reference to the rear 
elevation angle and to distance-to-go 

As implied earlier, various means can be devised 
to use these basic positional data for the control of landings. 
In sophisticated applications to high-performance aircraft, 
or for landings on short runways, it would be desirable to 
take advantage of the performance capabilities of the aircraft 
so as to land near the runway threshold. For tnis purpose, 
a flareout path computer in the aircraft coula provide a 
reference trajectory much shorter than the sxnple exponential 
patn that is usually proposea, certainly the aircraft is 
capable of more efficient maneuvers. In cases where the added 
complication is warranted, any desired trajectory could be 
computed, and appropriate signals coupled to the autopilot 
and instruments, the attitude gyro signals could be used In 



conjunction with height and nlstance, derived by conversion 
of the scanning-beam angular measurements to rectangular 
coordinates 

Foriconservation of runway length, it is also deslr- 
able to establish the initial glide toward, or just inside, 
the runway threshold. One advantage of scanning-beam guidance 
for the glide slope would be the ability to site the scanner 
near the threshold at all locations, thereby allowing simple 
homing on the signal source , and maximum utllizatlon of the 
runway. 

Although the scanning-beam data might be converted 
to rectangular coordinates for the more stringent applications 
of the technique, some computer simulation work has indicated 
that the angular form Is directly usable. An attractive 
possibility is the addition of a flareout and landing capability 
to the present ILS system by Installation of a single scanner 
for measurement of the rear elevation angle (as It is shown 
In Figures 3, 4, and 5) This method would not exploit the 
full capabilities of scanning-beam guidance, such as runway 
conservation, but would be immediately useful 

In this method, a controlled transition between the 
flareout trigger value of the rear elevation angle and a 
preselected touchdown value of this angle Is enforced For 
example, the measured angle and its rate of change can be 
decreased exponentially, by proper pitch control of the 
aircraft, in response to signals representing deviations 
from a prescribed ratio of the angle and Its rate The 
simple exponential controller can be replaced by a terminal 
controller that also operates on angle rate, according to a 
slightly more complicated relationship As another alternative, 
control can be based on a prescribed program of height and 
distance-to-go, which are computed from the measured elevation 

- 
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angle and, knowing the ground speed, from elapsea time after 
flareout initiation 

However the flareout is controlled, it will begin 
soon enough to ensure reaching the terminal glide angle desired 
for touchdown with several seconds yet to go. This status 
depends on a conservative maneuver that is compatible with 
the control characteristics of each aircraft, for which the 
point of flareout initiation must be appropriately chosen. 
The terminal glide to runway contact can be maintained, as 
shown in Figure 5, by holding a constant angle as measured 
from the flareout scanner. Since this angular origin is 
only about 5 feet aoove the runway level, touchdown will 
inevitably occur in front of the scanner if the airborne 
antenna for the scanning-beam receiver is more than 5 feet 
above the wheels (Even if the antenna is lower than this, 
a constant pitch attitude can be held until touchdown, after 
bypassing of the scarner site causes the guidance signal to 
drop out ) The nominal (gust-free) toucndohn po:nt can be 
precomputed for the chosen final gllae angle ana the existing 
antenna height, allowing for typical dispersion of to!uchaown, 
the moment of contact is thus predlctable within 1 or 2 sec- 
onds of elapsea time from flareout initiation, and a decrao 
maneuver can be scheduled on this basis After touchdown is 
accomplished, the localxer scanning-beam signal provides 
steering i~pformatlon for control during the deceleration roll. 

B IMPLEMENTED TECHNI$'JE 

The preliminary field tests at ,zlacArthur Airport 
were intended only to demonstrate tne capabilities of the 
angle-measurement technique under static (ground-based) con- 
ditions For this purpose, a single elevation-scanning antenna 
was installed, and simplified receivers (not providing for 
ttme-shared rcceptlon of scvcral beam;) were opcratdd at 
surveyed locations above the airport surface 
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‘1’11~~ t, Llnsrnlt tlrl~: at-ii : L,LL31~ing rlectron~c equipment, 
toiyct,wr with sultablc test illstruments, were installed In 
trucks to faci;ltate changes II? test locations and methods 
Tests of beamshape and basic propagation effects were usually 
made '61th the scanning antenna (or a norn at the same loca- 
tion) connected to a receiver, and with a transmitter at various 
locations on the field, uncoded pulse transmissions were used 
for these tests Static tests of system performance, using 
coded transmissions and angle-decoding and tracking receivers, 
were then made by transmitting from scanning antenna to 
receiver In the normal manner. 

More detailed descriptions of these test facilities 
are included in Appendix A. 

c GROUND-BASED E&'JIPMENT 

The ground-based equipment used for the field tests 
comprised an experimental implementation of only one of the 
three ground sites required for a full-scale system. Detailed 
descrlptlons of the components are included in Appendix B. 

The scanning antenna is shoun in Figure 6. An 
8-foot parabolic pillbox array is driven by a counterbalanced 
linkage assembly so as to nod through a ho-degree sector at 
an adjustable rate of 5 to 10 scans p=r second (using both 
upward and downward scans). The central 20 degrees of this 
sector, In hhlch the speed is neariy constant, 1s used for 
radio signal transmission The turn-around time between 
successive scans is twice the active scan time, and would 
allow similar transmissions from two additional scanners 
while the first is silent. 

The instantaneous tilt angle of the scanning antenna 
is determined by photoelectrically reading an engraved scale 
fixed to the side of the pillbox The scale is marked at 
O.Ol-degree increments of scan angle, ana 2000 marks are - 

8 



tallied In a digital counter as tne 20-degree sector is 
traversed. At every Instant during the scan, therefore, the 
stored count is proportional to the angle. During the antenna 
turn-around after each scan, an automatic check is made to 
confirm that 2000 marks were counted, otherwise, an alarm IS 
trlggerea 

Figure 7 shows the experimental angle-data encoder 
(as repackaged after the field tests). The encoder continu- 
ously samples the instantaneous value of the stored antenna 
count, which it uses to control the elapsed time between the 
transmission of successive pulses by the RF transmitter. The 
pulse spacing is thus varied so as to represent the scan 
angle in accordance with the code illustrated in Figure 8. 
A continuous stream of pulses Is always produced, but during 
each scan of the antenna through the 20-aegree sector, the 
pulse spacing varies at a uniform rate of 4.00 usec per degree-- 
from 16 ~sec at zero degrees to 96 @ec at 20 degrees The 
quantity that varies linearly with scan angle is the pulse 
interval (which 1s directly measured oy the alrborne receiver), 
and the pulse rate therefore varfes nonllnearly bettieen 1lmltS 
of 10.417 kc and 62.500 kc. 

The pulse modulator used in the field tests was of 
the hard-tube type The modulator and associated power supply 
were designed with adequate bandwidth and regulation to pulse 
a klystron transmitter at high (and variable) PRF, maintaining 
amplitude and frequency variations bithln acceptable limits 
The modulator and klystron (or, 1’0~ some tests, the front 
b~‘ctlon of a recclvc~~~) wc‘rc moutltai In a small box attached 
to the scanner assembly, and the output radio signals were 
conducted to the feed point on the scanning pillbox through 
waveguide An air-gap coupling between two flanges of the 
waveguide served the function of a rotary joint. 
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A more detailed descr’>tlon of the ground-based 
equipment Is included in Appendix B 

Figure 9 Is a plan drawing of a section of MacArthur 
Airport, showing the sites that were used for the tests. The 
scanning antenna was installed on a concrete slab at the 
scanner site designated at the left edge of the drawing. For 
a few of the early tests, the a,l:nuthal centerline of the 
antenna was aligned with site 1, for most tests, however, the 
antenna centerline coincided with the test radial through 
sites 5, 2, etc. An elevation profile of this radial Is given 
in Figure 10, and a profile of the radial through site 1 in 
Figure 11. Figure 12 is a profile of the test line parallel 
to Runway 10, through sites 1, 11, 12, 13, and 14. 

Except for the scanning antenna (and the attached 
data pickoff and transmitter or receiver units), the equip- 
ment was mounted in trucks The truck containing the ground- 
based encoder was parked beside the scanner, and a second 
truck pulled a trailer-mounted totier to various test sites on 
the airport. 

D. ANGLE-DECODING EQUIPMENT 

Two models of the angle-decoding and tracking 
receiver were used during the test period Most of the tests 
were made with receiver Model A, a breadboard model incorpo- 
rating all of the essential circuit functions except aUtomatic 
calibration control Autocalibration was provided, together 
with some circuit changes, in breadboard Model B. In Model A, 
provisions were Included for manual calibration of the angle- 
decoding and tracking circuits against an Internally generated 
pulse train with a crystal-controlled pulse spacing. The 
receiver was manually calibrated before each test run, and 
was rechecked upon completion of the run. 

- 
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Each model of the receiver was split into two units, 
exclusive of power supplies. The front end, containing the 
RF mixer, klystron local oscillator, and IF preamplifier, was 
packaged separately, so that it could be raised to various 
heights on the test tower Its output was connected by coaxial 
cable to the main unit, which contalned the IF amplifier 
proper and all other circuit elements. The measured elevation 
angle was represented by the DC output voltage of the receiver, 
using a scale factor of 1.00 volt per degree. 

The memory-reference (center-of-gravity) tracking 
technique inherently provides hold-over of the output voltage 
from each scan to the next, so that the angular data are con- 
tinuously present at the output The tracking circuit could 
be adjusted to provide any fraction of the full correction 
increment, in response to an error detected upon the passage 
of a scanning beam, an adjustment resulting in less than 
full scan-to-scan corrections affords smoothing of the output, 
at the expense of dynamic tracking capability Although only 
static tracking tests were made, a high correction factor 
(between 0.7 and unity) was maintained. No external damplng 
was applied when test results were chart-recorded; however, 
an estimated average was taken of voltmeter output readings 
that fluctuated 0.01 or 0.02 degree, as often happened 

A more detailed description of the receiver func- 
tions Is Included in Appendix B. 
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III. DESCRIPTIONS AND RESULTS OF TESTS 

__ 

__ 

A. BEAMSHAPE AND PROPAGATION EFFECTS 

Four types of measurements v~ere made to investigate 
beamshape and propagation effects over the iypicai airport 
surface at MacArthur Airport These were 

1 ' Static Lobing--field intensity versus geo- 
metric (optical) elevation angle from trans- 
mitter to receiver, using broad-beam 
(20-degree) horns at each site to virtually 
eliminate effects of antenna dlrcctivlty. 

2. Dynamic Lobing--field intensity versus instar- 
taneous scanner elevation angle, the irtenslty 
being measured when the peak of the scanning 
beam strikes a probe fixed at various helghts 
in turn. 

3. Static Bcamshape--flrld Intensity versus ::eomet- 
rlc elevdtion ‘311g1e, with tne diretitional beam 
stationary at a nominal elevation ani;Ze 

4. Dynamic Beamshap~--the Ilit-nslt!. cnvplop? 
received as thz scmrdng illrecttlonal beam 
passes entirely over a probe at a fixed 
height 

1. Test Objectives and Procedures 

In all cases, the scanner site near tne southwest 
corner of the airport (Figure 9) served as one end of the 
transmission path. Except for static lobing tests, the 
directional antenna of the scanner was used for transmission 
or reception at that site. (Since reciprocity applies to al? 
propagation measurements, the direction of transmission yas 
chosen as most convenient for each type of test ) At the 
field end of the path, a broad horn antenna was invariably 
used to probe the signal flela, the 20-degree vertical half- 
power beamwidth of this horn should be typical for alrborne 
installation, and is not believed to have suppressed any 
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reflection effects (For Static Loblng tests, such horns were 
used at both ends of the path ) At each fieia site, the 
probe horn was raised on a pole to various heights, painted 
markln[:o on the pole provided I-~u~I: callbratlon lnt<Trvals, 
ilrrd LS.,L Illl~lt,i~d rl~<ILt I l~,iSi Of a L'U"l iVi','i' S"l,,l~l. lili,~., ,'el'olYicd, 
III 1,111 11,. ,(I! I 1,1/1t1 1 II 11 I) /iti 1 /'1 

'I I 
attempted. 

At the beginning of the fieid-test program, all 
prospective test sites and radials were included in an eleva- 
tion survey, using the top surface of the concrete slab 
supporting the scanning antenna as a height datwn (Figures 10, 
11, and 12). However, the heights of the probe antenna on 
the pole--as recorded during each test run--are only indirectly 
related to the same datum plane. Furthermore, for an evalua- 
tion of the low-angle performance of the scanning-beam tech- 
nique, the average ground plane of the airport should determine 
the zero reference for elevation angle measurements. Accord- 

ingly, the angle of greatest interest cannot be computed 
directly from the heights and distances recorded on the data 
sheets. 

Table I (on page 41) allows direct conversion of 
the recorded height, in feet, to elevation angle, in degrees. 
The tabulated angle 1s the geometric angle between the pole- 
mounted horn and a plane parallel to the average ground plane, 
at the height of the center of the scanning antenna This is 
the "geometric angle" shown in Figure 13 The conversions in 
Table I are based on. (1) the assumption of a "ground-parallel" 
plane for each test radial, (2) the height of the ground at 
each test site relative to that plane, as indicated in Fig- 
ures 10 and 11, and (3) allowance for the 18 Inches by which 
the foot of the pole was raised above tne ground onto its trailer 
mounting. As an example, the tabulated angle corresponding 



to a helght on the pole of 38 feet at site 5 (1500 feet from 
the base scanner) is 1.24 degrees, this was obtained by 
deducting,from 38 feet, the 5 j feet by which the zero mark 
on the pole underlies ground parallel at site 5 (Figure lo), 
then divldlng by 1500 feet, and then converting radians to 
degrees. 

For a few tests, the scanning antenna (or horn) was 
elevated above its normal position, in such cases, the addl- 
tlonal height should be subtracted from that of the pole- 
mounted probe antenna before using Taole I. 

In all tests of beamshape and propa&ation effects, 
the relative signal strengths were measured with an AIL 
Type 03060 piston attenuator in the 60-MC IF channel of the 
receiver. The geometric elevation angle to the pole-mounted 
horn antenna could be computed as described above 

The nominal scan an&c, bein& th? mechanlea.; tilt 
of the pillbox antenna alray, was read from the photoclcctric 
pickoff scale attached to the array This scale carries 
engraved marks at 0.02-aegree intervals of antenna tilt, each 
mark being nearly 0 01 aegree wide. By either visual or 
photoelectric counting of both edges of the marks, the 
relative tilt angle can be determined wlthin 0 01 degree at 
all times The absolute tilt angle was determined by the 
initial adjustment of the pickoff aperture relative to the 
scale, using a spirit level to maintain the pillbox antenna 
plumb. 

For dynamic tests, the instantaneous tilt angle of 
the rapidly scanning antenna was correlated with the signal 
strength variations (resulting from the changes in scan angle) 
by reference to the Angle Increment Counter section of the 
Encoder (Appendix A) The Encoder includes a sensing matrix 
controlled by toggle switches in such a way that a trigger can 
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be obtained from the counter as the scan angle passes through 
any selected \) Oi-degree increment. This trigger intensified 
an oscilloscope trace, so that the signal amplitude being 
displayed on the scope at the instant the trigger occurred 
was very accurately associated with the selected scan angle. 
The attenuator normalized the amplitude of the intensified 
portion of the displayed signal, for various selected angles 
in turn, and the corresponding changes in attenuation were 
recorded to represent relative amplitude as a function of 
scan angle. 

Static Lobing tests were made with a horn antenna 
substituted for and mounted within a few feet of the scanner, 
at the exact height of the center of the plllbox aperture 
(or at a measured deviation from this height, in some cases). 
Relative signal strength was then recorded as the probe horn 
antenna was moved to successive calibrated heights on the 
pole. 

The Static Lobing measurements were Independent of 
the characteristics of the scanning-beam technique, except for 
the KU-band operating frequency, therefore, they cannot pro- 
vide direct criteria of performance. They do, however, pro- 
vlde indications of the isolated effects of the terraln 
Itself--in particular, the effective coefficients of reflec- 
tion for various stretches of intervening ground and various 
conditions of measurement 

The tabulated data from 21 Static Lobing tests are 
included in Appendix D. Plots of the data from specific 
tests are also included and will be discussed. 

Dynamic Loblng tests were made with the Scanning 
antenna operating. With the probe antenna held at varioUS 
heights on the pole, the relative slgnal strength was meas- 
ured at the peak of the amplitude envelope that was received 
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as the scanning beam passed over the probe Since an entire 
test run of this type required only 1 or 2 minutes, it was 
assumed that the transmission powor remained constant; the 
variations in peak-of-beam signal amplitude should therefore 
be attributable to ground lobing, as modified by the variable 
illumination of the grouna during the scan. 

The Dynamic Lobing tests were made with the energy 
confined in the directional radlatlon pattern that character- 
izes the system, and should therefor: allow predictions of 
the effects of reflections on system performance. Ho'wever, 
an absolute correlation of these lobe sWuctures with per- 
formance would be difficult, and a more direct measure of 
their effect is afforded by other tests (Dynamic Beamshape), 
the chief reason for Dynamic Lobing measurements tias, therefore, 
to obtain a relative check on propagation conditions, from day 
to day and from site to site These tests rlere also more 
convenient than Static Looing tests to intersperse with others, 
because the same antennas and test setup could be used 

Static Beamshape tests were maae by fixing tne 
scanner tilt at a low angle, and proolng the vertical field 
pattern with the pole-mounted horn Only a fed tests of this 
type were made, because the static beamscape, as distorted by 
reflections resulting from constant illumination of the 
ground, is not at all similar to the apparent or "dynamic" 
beamshape encountered in normal system operation A scanning 
beam continuously varies the distribution of energy illuminating 
the ground, and reception normally occurs at a point that is 
practically stationary during each complete scan. In contrast, 
the Static Beamshape rYas measured with a fixed beam and a 
moving probe, the resulting patterns are of academic interest 
only. 

The Dynamic Beamshape tests were made with the probe 
transmitting from various heights on the pole, using the angle- 



selector switches on the Encoder, as described earlier, to 
iaentif’y angles wlthin the received beam envelope and to 
measure the corresponding normalized amplitudes By this 
method, data describing the complete beam envelope were 
recorded within 1 or 2 minutes, and the short-term stability 
of the transmitted signal seemed adequate to ensure good 
precision of measurements. (In some of the early tests, 
however, the precision suffered because of low slgnal-to- 
noise ratio, this was later improved.) 

The bulk of the investigation of propagation effects 
consisted of Dynamic Beamshape tests, of which nearly 200 were 
made, the tabulated data are Included in Appendix D. The 
scanning-beam receiver is designed to determine the center- 
of-gravity angle within the amplitude envelope received during 
each scan, these measurements of dynamic beamshape should 
therefore allow predictions of the errors in angle measurement 
caused by ground reflections alone--that is, independent of 
angle-decoding and tracking errors. 

The azimuthal antenna pattern of the scanning array 
was shaped by the addition of “flaps” adjacent to the vertical 
edges of the plllbox aperture These flaps were arbitrarily 
chosen to provide some confinement of energy In the horizontal 
plane, and thus to reduce reflecttons from nearby structures 
Although the azimuthal pattern used for the test program was 
not necessarily optimum (and coulu easily by changed), an 
approximate measurement of it was made For this purpose, 
the prooe horn antenna tias fixed near the top of the test pole, 
which was kept near the scanner to malntaln a high elevation 
angle (clear of ground reflections). The pole was first 
towed past the scanner along a short circular arc, with the 
probe always facing Inward. To obtain a greater range of 
azimuth angles, It was then towed past along a surveyed line, 
and compensations for distance and attitude of the probe horn 
were computed (Table II). In each case, the peak-of-beam 
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amplitude of the scanning beam was measurea as the probe 
arrived at previously surveyed azimuth angles. 

2. Test Results 

A wide variety of SL,\+lc Loo:n;; patto~‘n~i hi:> been 
obtalncd at tne various test sitos, depending on the condi- 
tlons of measuremert Figure lb shows one of the more con- 
ventional results, 1n comparison wltn a curve com?utea for 
the geometric situation and coefficients of reflection giving 
the best match The comparison indicates that the coefficient 
of reflection during this particular test was about 0 85 at 
the angle of the first null, and that tne fixed horn bgas 
about 5 5 feet aoove tne equivalent ideailzed ground plane 
shown. III Figure 11, the fixed horn U? this case Igas at the 
normal helght of the center of tne scanner. From F:gure 11, 
It 1s apparent that our choice of an arbitrary ground-parallel 
plane as an angular reference did not correspond very well with 
propagational behavior under the conditions of this test. 
However, as the following dlscusslon ~111 show, slight changes 
in test conaltions can cause radical changes in tne loblng 
structure, we therefore chose to retain our arbitrary refer- 
ence, hhlch was based on the actual ground contours 

Figures 14, 15, and 16 show how the loblng pattern 
changes for different heights of the flxed radiator The 
changes in spacing between p7zaks and nulls are as predicted 
by theory However, the changes III amplitude were greater 
than expected, the effective coefficient of reflection 
evidently increases as the posltlon of the radiator (or 
scanner) is raised Since horlzonta: polarization is used, 
the reflectIon coefflclent produced by an Ideal smooth plane 
should decrease very slightly, rather than increase. The 
surface of the airport Itself did not seem rougn, and, in any 
case, Rayleigh’s criterion would lead one to expect a contrary 
result. Later tests lndlcate that grass was responsible, as 
discussed in the following paragraphs. 
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It was found that no consistent lobing pattern could 
be obtained at a given test site over a long period. Fig- 
ure 17 shows the mean lobe s tructure prevailing at one site, 
as determined from eight tests in a five-week period, it also 
shows the test result least similar to this mean At certain 
times, also, the lobln(; &is found to be practically nonexistent. 

At least when tne grass is long, the Influence of 
surface moisture from ralnfall on propagation effects seems 
negligible (see the plots in Figure 18). These measurements 
were made just before and after a heavy rain shower. Before 
the shower, no rain had fallen for more than a week, and only 
a light sprinkle had fallen when the first test was completed. 
The second test was made a few hours later, after the ground 
was thoroughly wet. 

The effect of grass is confirmed by Figure 19. It 
is believed that grass of the height normally found on air- 
ports interposes a significant degree of screening above the 
actual surface Since only angles of near-grazing incidence 
are involved in the various tests (and in the system applica- 
tion), even a sparse stand of grass a few inches high has 
consrderable effect This hypothesis 1s consistent with the 
previously noted effects of elevation, within the limits of 
our tests, the lower a radiation source is placed, the more 
grass must be penetrated by energy reflected from the ground-- 
hence the more attenuation of reflections. 

Unfortunately, this cause of the variable results 
of our several types of tests was confirmed rather late in 
the measurement program, and no exact record had been kept of 
the airport’s grass-cutting schedule. Furthermore, it is 
difficult to conduct controlled experiments to determine the 
exact effects of grass--partly because It grows slowly, and 
partly because its quantitative measurement Is not readily 
achieved. 
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The Dynamic Lobing tests,: as mentioned before, 
should afford better Indications of the effects of reflections 
on system performance than Static Lobing tests provide. 
However, no exact correlation wlth overall system performance 
has been discovered, but rather a qualltatlve dependence of 
system errors on the strength of lobing is apparent. 

A typical Dynamic Loblng pattern is shotin In Fig- 
ure 20. The amplitude variation is much less than that of 
the static lobing pattern in Figure 14, though the two meas- 
urements were made one day apart over the same test range. 

Variations in Dynamic Loblng from day to day are 
illustrated by Figure 21, which Is a composite plot of three 
individual patterns and their mean, tamen over a one-month 
period. (Test No 218 was made with short grass ) Altnougn 
there is considerable variation among the results, a definite 
lobing structure is evident In the mean plot. 

The Dynamic Lobing measurements plotted in Fig- 
ure 22 were obtained in a three-da-, y period along a single test 
radial, but at different distances from the scanner site. The 
amplitude of varlatlons In signal lntenslty increases with 
distance, however, an aircraft following the more distant por- 
tion of a normal approach path would be high enough in eleva- 
tion angle to avoid the worst fluctuations--those shown in 
the plots for 3900 feet and 3000 feet. 

When the dlrectlonal beam 1s held stationary at 
various low angles, its shape 1s dlstorted by reflections, 
as Illustrated by the Static Beamshape plots In Figures 23 
through 26. This form of distortion, however, is not directly 
detectable in the system application Instead of fixed 
illumination of the ground and a varying geometric angle, an 
airborne receiver sees varying illumination of the ground 
from a fixed geometric point--which is evidently a more stable 
situation. 
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Figures 27 through 3i are plots of the dynamic beam- 
shape detected by the receiver as the beam scans past, Fig- 
ure 32 Is a set of similar plots for a different test site. 
The angle-decoding and tracking circuits of the receiver are 
designed to find the center of gravity--that is, the centroid 
of energy distribution--within the portion of such an envelope 
that contains a specified amount of energy and that has maxi- 
mum amplitude, In other words, tne receiver discards the low- 
level skirts of the beam envelope--say below the 3-db points-- 
but Integrates the central portion (at full received amplitude) 
in a differential circuit that determines the center of gravity 
of that central portion. 

By graphical analysis of typical Dynamic Beamshape 
plots, it was found that the center-of-gravity angle defined 
above was nearly the same as the median angle between 3-db 
points--which is easily determi,>ed by inspection of each plot. 
The difference between this median angle of the received beam 
envelope and the geometric angle to the test probe can be 
interpreted as the probable system error due to ground reflec- 
tions (though this is not weil conflrmed by later tests using 
the receiver) Accordlngiy, the 3-db median angle errors were 
determined graphically from several series of plots such as 
Figure 32 The results are shown In Figure 33 (based on 
Table III). 

Comparison of Figure 33 with the Dynamic Lobing 
patterns In Figure 22 proves disappointing, Insofar as any 
exact correlation is concerned. At various distances, the 
average magnitude of angular shift in the beam center is 
roughly proportional to the strength of loblng, as would be 
expected. Considering the different spans of time required 
for the two types of measurements, It is perhaps too much to 
expect a point-for-point correlation. 
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Figure 34 represents a further attempt to interpret 
the results of our propagation measurements more quantitatively. 
The lower plot from Figure 33 1s reproduced, together with 
receiver errors theoretically predicted for the same test range. 
An electronic computer was progralrmed to calculate the shift 
In center of gravity of the beam as a function of Yecelver 
height, using assumptions as noted In Figure 34 The dashed 
line shows the result for a point source at the center of the 
scanning array, whereas the solid line represents a combination 
of sources better sxnulating the actual distributed source 
AgaIn, no convincing correlation Is apparent, however, this 
comparison indicates that the receiver errors ~111 theoretlcally 
be less than might be predlcted from Figure 33--a posslblllty 
that 1s further supported by the results of subsequent receiver 
tests 

The approxxnate azimuth pattern of the scanning beam 
1s plotted In Figure 35 (Table II) As stated earlier, no 
attempt was made to optimize this pattern, Its exact shape 1s 
not considered crltlcal for ground-based testing. The half- 
power beam’didth Is between 20 and 25 degrees, and provides 
adequate long-range coverage. The pattern of a. operational 
scanner should be asymmetrical (such as cosecant-squared), 
so that the signal lntenslty throughout the touchdown zone 
over the runway is sufflclent ana reasonably constant. 

B. RECEIVER ANGLE READINGS 

The field measurements of receiver angle readlngs 
were actually zests of overall system performance--though 
only in the lowest (and most crltlcal) range of elevation 
angles, and only with the receiver stationary The receiver 
tests depended on reception of the scanning beam at distances 
and angles typlcal of the proposed landing-system application. 
Under these conditions, the measured error is the net effect 
of errors from various souxes, such as angle pickoff at the 
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scanner, encoding, grounu Lobing, tiolse, and yecciveil’ calibra- 
tion 

As stated earlier, t&o breadboard models of the 
AIL angle-decoding receiver were used in the test program. 
Tne Model A receiver, lacking automatic calibration control, 
was useful in testing the consistency of system performance 
in all respects except stability of the receiver calibration. 
The Model B receiver was electrically identical with the pro- 
posed flyable model, and the absolute accuracy of Its angle 
readings was therefore of interest 

1 Test Procedures 

Most of the receiver tests were made at the same 
surveyed test sites that were used for the beamshape and 
propagation measurements. Figure 36 Is a block diagram of 
the equipment setup used at each site 

The platform on which the receiver antenna and front 
end were raised on the test pole was equipped with a switch, 
so positioned that it was actuated by studs placed at l-foot 
intervals of height In addition, the pole was palnted in 
l-foot bands, alternately orange and white, to allow accurate 
determination of receiver height and subsequent calculation of 
the actual elevation angle 

.- 

Before eacn test, about 15 minutes has allowed for 
receiver warmup, and various receiver waveforms and voltages 
were checked. For tests with the Model A receiver, calibra- 
tlon adjustments were made before each series of tests. One 
part of the calibration procedure was to substitute DC voltages, 
representing exactly zero and 4 degrees in turn, for the output 
signal from the pulse-spacing decoder, and to adjust the track- 
ing circuit so that the Identical voltages were obtained from 
the angle memory. The procedure was completed by irtroducing a 
simulated beam signal at the second detector, and adjusting - 

- 
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the decoder to obtain correct angle readings at the receiver 
output. The simulated signal was a periodic burst of pulses 
with a crystal-controlled spacing of either 16 or 32 usec 
(for zero or 4 degrees), as selected, each burst was ampli- 
tude modulated to resemble a received beam signal Using the 
16-ksec pulse spacing, the reference voltage of the decoder 
was adjusted to produce a zero angle reading Using the 
32-usec spacing, the decoder scale factor (sawtooth slope) 
was then adjusted to produce a Q-degree reading. Several 
repetitions of these adjustments were necessary because their 
effects were interactive The accuracy of the resulting 
initial calibration was held within 0 01 degree, and any larger 
errors found during a series of tests were recoraed on the data 
sheets. 

The Model B breadboard receiver, which had automatic 
calibration control, was not generally recalibrated before 
individual test series, though frequent checks were made of 
its calibration. (Separate laboratory potter-supply units pro- 
vlded positive and negative voltages to the receiver, and 
minor adjustments were made whenever necessary to maintain 
balance between these voltages. In the multiple power supply 
designed especially for the recefver, such adjustments are 
obviated by the use of a common rcforcncc for voltage rogula- 
tion ) Some tests were made with thls model before a proper 
adjustment of the autocallbration circuits was achieved, and 
In these cases the calibration errors were recorded In the 
final two weeks of testing, however, the automatic calibra- 
tion control was usually effective and accurate. 

Approximate measurements of signal-to-noise ratio 
were occasionally made. The receiving antenna was raised to 
the top of the pole, and the receiver IF gain yas set to 
produce a 2-cm oscilloscope deflection on noise alone. The 
attenuation then required to reduce the peak-signal deflec- 
tion to 2 cm was measured with the 60-MC attenuator (Figure 36), 
and was recorded as signal-to-noise ratlo. 
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Receiver angle rea: -5,s at each site were determined 
at l-foot increments of hei&? on the pole, generally starting 
at the maximum height of 38 Ceet. The manually recorded data 
were read from the Fluke voltmeter, after a voltage null was 
obtained in each case Somt times the angle readings were 
simultaneously recorded by the Brush pen recorder. 

2. Test Results 

The original data obtained in all receiver tests 
are listed, separately for the two models of the receiver, in 
Appendix D Plots of lndlvidual test results are presented 
in cases that are considered significant--either as typifying 
a set of results, or as showing the effects of some special 
test condition These plots show receiver angle reading 
(original data) versus angle above ground parallel, since 
one-to-one correspondence of these angles is lacking, they 
must be correlated by means of the “heading” data for each 
test, using Figure 13 and Table I. (Figure 13 and Table I 
are discussed on page 14 ) 

As indicated In Flgure 13, the geometric angle 
(angle above ground parallel) did not, In general, correspond 
rith the angle encoded on the scanning beam At some field 
locations the test receiver could be lowered below the ground- 
parallel plane, to allow measurements at such depressed eleva- 
tions, the zero-degree limit of the transmitted data sector 
was set at an arbitrary “sub-zero” angle. Ideally, therefore, 
the receiver angle reading should be the sum of the geometric 
elevation and the sub-zero angle. 

Results obtained with the Model A breadboard 
receiver are shown in Figures 37 through 59. The sub-zero 
angle is indicated by a dot on the zero-degree ordinate of 
each graph, a &s-degree line through this point would represent 
the ideal receiver reading as a function of actual elevation. 
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Two shortcomings of the Model A receiver are apparent 
in many of the test results (1) a considerable “bias” error 
was frequently present throughout an individual run, causing 
a fixed deviation of the angle reaalngs from the expected 
absolute values, and (2) a slow drift in receiver calibration 
tended to occur during the several minutes required to complete 
a run Although most of the arift error was definitely 
attributed to temperature variations, the cause of the bias 
error was never established with certainty, it was intermittently 
present, and appeared as a discrepancy between the effect of 
actual beam reception and the effect of operation with the 
synthetic signals used for receiver calibration. 

The provision for automatic calloration control In 
the Model B breadboard was anticipated, during the initial 
system design, as a requirement to guard specifically against 
bias and drift errors. Since the autocalibration feature has 
proven effective, adJUStmentS of the test data obtained with 
the Model A breadboard so as to simulate the autocalibration 
function would allow a more valid assessment of system capa- 
bilitics. The manual cc libratlon ~hz~:hs show4 how c‘ach sc,t 
of result, should be adJusted, and such adjustments are AmpLed 
by the da&ed l*<Xfe.-l’ence 1111~s 1 II FI~yll’L’S 37 throu&;h 5”. (How- 
ever, no adjustments have been applied to the plots themselves, 
the actual receiver readings are shown in every case ) In each 
case, the slope of tne reference line differs from 45 degrees 
to compensate for tne measured calibration drift, which auto- 
calibration would have prevented. The reference line is also 
displaced to compensate for the bias error, which must be 
ascribed to Intermittent maifunctloning of the Model A receiver. 
Deviations of the actual readings from the dashed line are 
therefore equivalent to the errors expected with autocalibra- 
tion and a properly functioning receiver--at least inSOfar as 
the variation of error as a function of elevation is concerned. 
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Figures 37, 38, and 39 show examples of the results 
obtained with the Model A receiver at various distances from 
the scanner, as the RF section was lowered, in l-foot steps, 
from a height of about 38 feet The effects of reflections 
at angles below l/2 acgrcc are apparent, in partloular, Fly\- 
ure 38 shows a strong cffcct 01' ~'?flccLlons at sltc 2, even 
at an elevation as high as 0.8 degree Although these results 
are typical, the data were not generally repeatable from day 
to day However, good agreement was obtained between test 
runs made on the same day at a given site, errors of observa- 
tion are therefore ruled out as a major source of inconsistency. 
As in the case of loblng ana other Propagation measurements, 
It was concluded that the results were very sensitive to the 
condition of the terrain. 

Figure 40 shows another example of the receiver 
readings obtained at a distance of 1500 feet (site 5) under 
typical test conditions The effect of raising the scanning 
antenna only 16 Inches above its normal posltlon Is shown in 
Figure 41, a slight but noticeable roughness In angular gradient 
Is introduced--presumably by the stronger ground loblng lllus- 
trated by Figure 15, as compared with Figure 14. 

While the scanner was still elevated as for Fig- 
ure 41, the grass on the Intervening ground was cut, and the 
test at site 5 was then repeated, the results are shown in 
Figure 42 The strongest ground reflectlons, which occur at 
low angles, had evidently been subdued by the screening effect 
of the grass (Figure iii), but caused signlflcant errors below 
0 3 degree when the grass was shortened (Figure 42) 

On the following day, the scanner was lowered to 
its normal position, and the test at site 5 was again repeated 
Figure 43 shows that the low-angle readings became less erratic 
when the center of radiation was lowered, however, with shorter 
grass, the linearity of angle readings above 0 2 degree is 
slightly worse than It was originally (Figure 40). 
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Figure 44 shorrs low-angle readings obtained at an 
extremely long range (3580 feet, site lo), with the scanner 
elevated and the grass on part of the ground freshly mowed 
(The test pole was not high enough to r-each the angular region 
that ~111 normally be of operational interest at this range.) 
As a crude test of the ability of artif-cial ground scree-- 
ing (or "fences") to reduce reflection errors, a single auto- 
mobile was later parked where it would block part of the 
scanner radiation from some of the intervening ground (on the 
test radial just beslde the ILS Glide Slope--Figure 9). A 
definite tenaency toward reduction of the errors is noticeaole 
In Figure 45 

Some control oven the shape of the ri‘celv?c beam 
el~v~'~ope IS afforded, at low angle; ,$'Lc~ c groullc :~2~l~c~1~ns 
c'..ius2 ctisto1 tto1:, by ~al~i.ltl~n of dir a",:ula:~ 'w 1 L ilT hLT3Jll 
trLllISmlSSl"n For example, of t:,anslrlssloll ceased aullng the 
downrard scan (and resumed during the upward scan) gust as 
the nose of the beam passed the aircraft, only nalf of the 
normal beam envelope would be received Several series of 
tests were made to ascertain #hat angular limit shoula be 
rmposed on the lower edge of the scan sector in order to 
offset the effects of reflections as much as possible TV"" 
sets of the results are shown in Figures 46 a?d 4; IL ca? 
be seen that sett:ng the lower scan lmLz above the grour,d- 
parallel plane introduces more distortion at low angles thar 
:t prevents, furthermore, the errors at slightly higher angles 
tend to increase, out never decrease However, these tests 
Indicate that severe degradation of accuracy can be preventea 
at very low angles by limiting the scan at about 0 1 degree 
below ground parallel 

Figures 48 and 49 show the effects of alternate 
directions of scan on the receiver readings. Theoretically, 
center-of-gravity tracking (and similar methods that average 
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the angular information received throughout each passage of 
the scanning beam over the aIrcraft) is equally accurate for 
either direction of the scan. In contrast, techniques that 
conduct a sequential sampling of the received information in 
search of an instantaneously correct answer, such as beam- 
skirt or notch trlggerlng techniques, are dependent on the 
sequence III which ground reflections and side lobes occur 
relative to the main lobe of the beam, such techniques are 
best limited to downward scans, so that the strongest ground- 
lobe interference occurs after an answer has been obtained 
from the main lobe 

2 The virtual immunity of center-of-gravity tracking 
from dependence on the direction of scan, even in the extreme 
low-angle region, is well Illustrated by Figures 48 and 49 
During these tests, the scanning beam was transmitted during 
alternate (and both) directions of scan, just long enough in 
each case to allow the receiver reading to be observed, this 
procedure was repeated at each elevation angle in turn In 
general, the dependence of the readings on directlon of scan 
amounts to less than 20.02 degree (Tests have shown that 
this small discrepancy was caused by slight unbalance an the 
tracking circuits ) 

The angle readings obtained as the receaver was 
brought Into the near field of the scanning antenna are shown 
in Figures 50 through 53. The square of the aperture dlvadea 
by the wavelength (a*,‘%) 1s about 1000 feet, in an operational 
situation, with the scanner several hundred feet off the run- 

way, operation wlthin this distance should rarely be requared. 
Nevertheless, exceptionally good results were obtalned In 
these tests, even at the 500-foot range (see also Figure 60). 

Measurements with the Model A receiver at the offset - 
sites on the runway-parallel line (Figures 9 and 12) are 
plotted in Figures 54 through 59. Although the receiver was 
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displaced up to 37 degrees from the horizontal centerline of 
the scanner, the results are not markedly aifferent from those 
obtained at like distances on the centerline. These readings 
are plotted against the offset geometric angle, which is the 
elevation angle measured from the virtual origin shown in 
Figure 9, relative to the elevation (at each offset site) of 
an assumed ground-parallel plane. The ground-parallel plane 
slopes downward from the center of the scanner toward all 
sites--at a depression angle of 0.17 degree, except 0.18 degree 
toward site l--and the average ground level along the runway- 
parallel line is taken as 4.5 feet below the ground-parallel 
plane These assumptions represent an arbitrary but approx- 
imately correct idealization of the actual test area at 
MacArthur Airport, The scale factor used for the “offset 
geometric angle” corresponds to the angular coding on the 
scanning beam, the “sub-zero angle” indicated on each plot 
represents, as before, the angle value that iceaily should 
have been decoded at zero geometric angle. 

Many of the tests that have been discussed were 
repeated with the Model B receiver As expected, the results 
were similar except for a general improvement in absolute 
accuracy of the angle readings Fori example, Figures 60 
through 64 show the results of another series of tests at 
distances of 500 feet to 3000 feet, on the main test radial 
(Note that the origin and scale factor in Figure 60 differ 
from those in the other plots ) In these cases, the scan 
sector and encoding reference were adjusted so that zero angle 
should have been read at ground parallel, hence, there was no 
sub-zero angle, and the dashed reference lines on the plots 
represent ideal readings. The lower scan limit was deliberately 
set well below ground level (0.32 degree below zero code), and 
the lower extremes of these plots show the full effects of 
reflections, these errors could be reduced by optimizing the 
scan limit, as shown in Figures 46 and 47 The absolute 
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accuracy of ail angle readings above 0.5 degree in tk‘ese tests 
was better than 20 02 degree, except in the region below 
1 degree at 500 feet 

As stdted previousla, the Model B breadboard receiver 
did not always per form ,~CI CC L tly Some operational experience 
was needed to d: c-vnlne :I,~‘ proper adjustments of various time 
constants i tins , and ot,.?r circuit parameters (which are sub- 
ject to further changes based on flight tests). Furthermore, 
the ground-base\1 equipment was known to produce some errors 
in the encoded angle data, because of imperfect adjustments 
of the encoder and the scanner (Several ground-based auto- 
matic monitoring devices are being developed for use in opera- 
tional Installations ) One such source of errors is tne 
alignment of the mechanlcal axis of scan. If the scanning 
axis is tilted slightly off horizontal, no detectable errors 
arf produced directly in front of the scanner’, but apprrcl,ible 
changes in the absolute angle readings can result at the edges 
of the azimuthal pattern 

Figure 65 shows a case in which the scanning axis 
was tilted about I? 17 degree (Test No. 288), as weli as the 
angle readings obtained after the tilt was corrected (Test 
No 297) The tilt angle, reduced by the ratio of the offset 
distance (631 feet) to the projectea distance from the virtual 
origin to each site on the runway-parallel, appears as a con- 
stant error in the angle readings, at site 1, the error due to 
tilt was 0 i2 degree, as shown by the two plots In Figure 65. 
The remaining constant error that is evident In the plot of 
Test No 297 Is unexplained--presumably arising within the 
receiver. 

Figures 66 tnrough 70 are plots of angle readings 
obtained at other positions on the runway-parallel before the 
scanner tilt was corrected. In each case, the fixed error 
attributable to scanner tilt is Indicated by displacement of 
the dashed reference line above a 45-degree line througn the 

- 

- 

_. 
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origin; therefore, the reference line represents ideal readings 
under the known test conditions 

A possible operational situation was simulated by 
these tests along the runway-parallel line, assuming that 
this line might have been the centerline of a runway. Within 
the range of distances used for th? tests, utilization of the 
@dance slgn~.ls would be for flal’eout conkol. If an aircraft 
were executing a typical flareout from an lnltlal j-degl*ee glide 
toward a point 3000 feet in front of the scanner, it would be 
expected to arrive over the test locations at about tne eleva- 
tions indicatea successively in Figures 65 through 70. (Cal- 
culatlon of these elevations was based on an exponential 
decrease of the measured scanning-beam angle from 1 5 degrees, 
at flare initiation, toward 0 5 degree, as a terminal touch- 
down condition, using a lo-second time constant ) Although 
these test results do not represent optimized performance of 
the measurement technique, it 1s apparent that the errors are 
not large In the portlon of each plot that is operationally 
significant. It should be noted that the angular rates to 
be encountered by an approaching aircraft cannot be derived 
from these plots, which show the variations in angle readings 
obtained along a vertical line over each site, rather than 
along a line of flight across all sites 

Comparisons of the plots of angle readings that 
have been discussed indicate conslderable varlatlons In the 
errors that were found at particular test locations. The 
scope of this test program did not allow enough repetltlonS 
of the various tests to obtain good statlst1cal samples 
However, the largest number of receiver tests at any one 
location occurred at site 5, 1500 feet In front of the scanner. 
Figure 71 shows the mean, RMS, and extreme errors in all 
receiver angle readings obtainea with the Model B receiver 
at this location (excluding Tests No. 268 and 270, during 
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which the receiver was known to be -1,scalibrated). No adjust- 
ments were made to the data from 4 Lch these curves were 
derived, the errors from the Ind, Jidual test runs are listed 
in Table IV (The origlnal and .i,ljusted data from Tests 
No. 268 and 270 are also shown i,, Table IV, but were not used 
for Figure 71 ) 

As :nown in Figure 71, the mean error in receiver 
angle readings at site 5 barely exceeds 0 01 degree down to 
an elevation angle of 0.5 degree, and the largest errors 
measured In the six tests were ~7 03 degree in the region 
above 0 5 degree 

Figure 72 allows a comparison of the mean errors 
in receiver angle readings at site 5 with the errors due to 
propagation effects alone, as measured four months earlier. 
A definite correlation is evid?r,t below 0.5 degree, at higher 
angles, any correlation might be hidden by the O.Ol-degree 
precision of tne beamshape measurements--as indicated by the 
vertical bar tnroLgh each plotted point. (The plot of half- 
power mcdlan al:gle errors is based on single measurements, 
each recorded to the nearest 0.01 degree whereas the receiver 
error plot is based on six sets of readings recorded with 
0 01-degree precision ) 

- 

The errors in angle readings obtained in all 14 tests 
hith the Mode,l B receiver on the main test radial at MacArthur 
Airport are represented statistically In Figure 73 These 
data include the six tests used for Figure (1, plus two tests 
each at sites 2, 4, ano 10, plus Tests No 268 and 270, 
adjusted for known calibration errors. Table V lists the 
data not included in Table IV, as well as the mea: ana RMS 
deviation as plotted. 

The mean error derived from these 14 combined tests 
is less than 0 01 degree St all angles above 0.2 degree. HOW- 
ever, the significance of this result may well be questioned, 
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since the mean of data taken at Greatly dlffevent distnnccs pro- 
vldcs 110 mcasu,‘c of the p<~r*twbaLlons ti1.lt wou1 d OCCUI momcilt 
by moment dwlnir, an approach mancuvor, and slncc the RMS dis- 
persion, as plotted, is based on a limited sample. The dynamic 
responses of the guidance receiver, the flight control system, 
and the aircraft can be satisfactorily established only by 
flight tests 
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IV. CONCLUSIONS 

The following conclusions can be made from the 
various types of tests that wer ) made during this program. 

A. STATIC LOBING 

The results of the St,x:lc Lobing tests, using 
essentially nondirectional anter41ias over typical airport 
terrain, indicate that 

1. A distinct loblng structure caused by ground 
reflections is nearly always present. The 
pattern of amplitude versus elevation of the 
resultant signal is a long-term (daily or 
weekly) variable 

2. Grass of even moderate density causes sig- 
nificant attenuation of the ground reflec- 
tiolfs 

3 The effects of surface moisture are negligible 
when grass is present on most of the reflect- 
ing terrain 

4 The scanning antenna should be installed as 
low as possible to reduce the loblng amplitude 

It should be noted that no tests were made with 
snow or Ice on the ground, the above conclusions might not 
be supported by such tests. 

B. DYNAMIC LOBING 

The Dynamic Lobing tests measured the variations 
in the resultant peak-of-beam signal as a function of eleva- 
tion angle, with most of the primary radiation vertically 
confined in a narrow beam The results of these tests con- 
firm that 

1. The narrow beam reduces the amplitude of the 
lobing pattern caused by ground reflections. 
This pattern, also, is a long-term variable. 
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2. At a glvcn elevation an,-?Ll, the effect of 
ground reflections tend; 13 increase in pro- 
portion to distance (at least up to 4000 feet). 

C BEAMSHPPE 

The direct effects of ground reflections on the 
scanning-beam env ,jJe, as rzizived at various elevation 
angles, wer0 j bserved In the Static and Dynamic Beamshape 
tests The results show that 

1. The static field pattern of the directional 
beam, held at a low fixes angle, is distorted 
by ground reflections. However, the perturba- 
tions in the dynamic beam envelope, as received 
at tne same angle, are consiaerably less severe. 

2. The center of gravity of the dynamic beam 
envelope--that is, the centroid of energy 
distribution--oscillates about the free-space 
angular posrtion, as a range of low elevation 
angles -s traversed Good correlation of the 
measured data with results predicted by simple 
theoretical models coula not oe obtained 

3. The AIL center-of-gravity tracking method 
rnin~~izes the errors resulting from grouna 
reflections (Errors in angle readings com- 
puted for a theoretical model of the center- 
of-gravity tracking technique are much smaller 
than the errors implied by the measurea varia- 
tions in half-power median angle of the beam 
envelope--Figure 34 See also concluslon 6 
under Receiver Readings ) 

D. RECEIVER READINGS 

Tne overall static performance of the measurement 
technique, as implementea with expexmental equipment, was 
indicated by the receiver angle readings. These tests at 
low elevation angles showed that. 

1 Reflections from the ground cause aetectable 
errors in the angle readings up to at least 
1.3 aegree of elevation, above 0.5 degree, 
these errors rarely exceed 0.03 degree. 
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2. 

3 

4 

5. 

6. 

7. 

8. 

9. 

Grass causes a significant reduction of the 
low-an le errors, 

7 
am ,urface moisture (not 

frozen has little or ho effect with grass 
present. 
Errors caused by reflections can be mlnlmlzed, 
under normal conaltlons, by (a) mstallation 
of the scanner as low as possible, (b) use 
of artificial fences or vegetation, and 
(c) restraint of signal transmission at scan 
angles below ground level. 
The accuracy of center-of-gravity tracking 
is essentially independent of the direction 
of scan 
Operation within the near field of the scanner, 
as close as 500 feet (a2/2h), causes no sig- 
nificant degradation of accuracy. As the 
distance increases, the errors in angle 
readllgs (at the low angles Lnvestlgated) do 
not Increase greatly, but vary more rapidly 
as the receiver height is varied over a flxed 
point on the ground 
Errors In receiver angle readings at low 
angles show a fair correlation with propaga- 
tlonal dlstortlon of the scanning-beam 
envelope, but are &enerally smaller than 
the propagatlonal errors (Flgure 72). 
Angle readings taken to one side of a properly 
installed scanner are the same as though taken 
on the azlmuthal centerline. 
The automatic callbratlon control circuitry 
In the receIvei- substantially ellmlnates 
errors due to calibration drift 
The mean error in static angle readings obtained 
with a properly adjusted Fecelver is about 
0 01 degree. At the angles and ranges of 
greatest operational Interest, the peak errors 
are generally less than 0 03 degree 

E GENERAL 

The K-band scanning-beam technique of elevation- 
angle measurement that has been tested under this program 
was specifically designed for application in an aircraft 
landing system. Several pecullarlties of that application 
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affected the choice of components a:id operating parameters. 
Any conclusions repardlng the pote ,-la1 merits of the tech- 
nique should therefore relate its demonstrated performance to 
the intended condltlons of use 

Piif2 Sc1’1135 ii’ static, GI 5 lnd-based tests repol’trii 
here has con~‘~r’rn~~ I Lms:c f2.l:; ility of this technique 
of elevatJon 7~121~ measuremer,t, 3 has furnished a preliminary 
lndlcatlon of the accuracy to be rhpected The results are 
promising enough to justify a pror-ram of flight testing, 
during which the dynamic accuracy of the measurement technique 
and its compatibility with flight-control and display instru- 
mentation systems can be determlned 

Conclusions regarding the,operational suitability 
of the technique for landing-system application should be 
based largely on future flight testing. However, the program 
of ground-based tests has indicated no Incompatibility of 
this technique with its intended application. 
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TA3LE II 

REDUCTION OF AZIMUTHAL PATTERN DATA FROM TEST NO 221 

Azimuth in Distance 
Degrees* in Feet** 

50.0 

47.5 
45 0 

42 5 
40 0 

37 5 
35 0 

32 5 
30.0 

27 5 
25 0 

22.5 

20.0 

17 5 
15.0 

0.0 

-15 0 

-30.0 

403 
385 

370 
356 

344 
333 

323 
315 
307 
301 
295 

290 
286 
282 

279 
272 
2b 

Range 
Ratio 
in db 

Relative Signal in db Normalned Attitude Compensated 
AVel%Ze Correction Pattern as Recorded III Each Run 

1x 2s 3* 4* 

35 14 0 20 4 -18 2 1.5 -13.2 

30 20 2 19-5 -18 7 14 -14.3 

27 14 y 19 6 20.1 -18 2 14 -14 1 

23 17 0 19 5 -20 2 1.3 -16 6 
20 116 172 17.1 -21 1 1.2 -17 9 
18 16.4 16 3 -22.2 11 -19 3 
15 26 y 14 2 iy 2 18 7 -18 6 11 -16 o 

13 23.9 24 1 -14 5 10 -12.2 
11 31.8 19 7 25 0 25 6 -12 y 09 -10 9 

09 26.4 26 4 -12.1 08 -10.4 

07 33.3 20 g 27 4 27 0 -11 2 08 - 9.8 

0.6 27 6 27 3 -11 1 0.7 - 9.8 

04 33.5 20.4 27.3 27 1 -11 3 0.6 -10 3 

03 26.7 26.5 -11 9 0.: -11.1 

02 32 y 21 0 27 4 27 4 -11 2 0.5 -10 5 
0 44.3 32 2 38 5 0 C 0 

04 374 25.8 310 - 6.9 05 - 6.0 

15 328 199 263 -I2 0 0.9 -96 



TABLE II (cant) 

Range Relative Sl@xl in db Normalized Attitude Compensated 
Azimuth in Distance Pat10 as Recorded in Each Run Average correction Pattern 

Degrees* in Feet** III db l* 2* 3* 4* in db III dbtf in db -- 

-40 
-45 
-45t 

367 
4G2 
4w2 

26 22 0 0.6 16 1 -22 8 12 -19 0 

35 22.7 16 2 -22 0 1.5 -17.0 

95 19.2 

* Original data. 

** F4easurement.s wei-e made at surveyed angles on a slightly skew line past the scanner, broadside 
and end-point distances were measured, other distances wre computed. 

tProbe horn facing scanner to find required attitude compensation 

?fAssumed ll?ear at 0 03 db/degrre, based on runs 3 and 4 at -45 degrees. 



site Test 
No. No -- 

1 22 

23 
24 

25 
26 

27 

28 

29 
30 
3 

32 
33 
35 

36 

TABLE III 

REDUCTION OF DYNAMIC BEAMSHAPE DATA To OBTAIN MRORS 

IN HALF-WWER MEDIAN ANGLES 

Probe 
Geometric 

Angle 

1 21 

1 10 

1.00 

0.90 

0 79 
0 69 
0 58 
o 48 

0 37 
0 27 
o 16 
0.11 

-0 05 

-0 15 

3-db 
Medmn 
Angle 

1.21 

1 10 

0 99 
0.90 

0 78 
0.69 

0 56 
0 49 
0 40 

0.24 
0 21 
0 20 

-0 20 
-0 21 

Error In 
Degrees 

00 

00 

-0 01 

00 

-0 01 

0.0 

-0 02 

~-0 01 

0 03 
-0 03 

0 05 

Oog 

-0 15 

-0 06 

Probe 3-db 
site Test Geometric Medmn 
NO NO Angle Angle -- 

2 159 0 92 0 93 0 01 

160 0.84 0.87 0 03 
161 0 72 0 74 002 

162 . 0 61 o 60 -0.01 

163 0.49 0.49 0.0 

164 0.38 0 40 0.02 

165 0.35 0.37 002 

166 0 32 0 35 0 03 
167 0 29 0.33 0.04 

168 o 26 0 27 0 01 

169 0 15 0 12 -0.03 

170 0.04 -0 03 -0 07 



TABLE III (cant) 

Site Test 
NO NO -- 

5 172 

173 

174 

175 

176 

177 

178 

179 
lt% 

181 

182 

183 
304 

Probe 3-db 
Geometric Median 

Angle Angie 

1 20 1 21 

IQ9 log 

0 94 0 94 

0 79 0 79 
0 63 064 
o 48 0 49 
0 36 0 39 

0 33 0 34 
0 29 o 28 
0 25 o 26 

0 21 0 24 

0 17 0 l7 
0.02 -0 12 

Error m Site 
Degrees Nb 

0 01 4 

0 

0 

0 

0 01 

0 01 

0.03 

0 01 

-0.01 

0 01 

0 03 
0 

-0 14 

Test 
NO 

186 

187 
188 

I@ 

190 

191 
192 
193 
194 

195 

196 
197 
190 

6 89 0.65 069 004 7 114 0 49 0.49 0 

90 o 62 0 63 0 01 115 o 48 0.49 0 01 

91 0 58 0 52 -0 06 116 0.46 0 47 0 01 

92 0 54 0 53 -0 01 117 0 45 0.46 0 01 

93 0 50 o 46 -0 04 118 0 43 0 45 002 

Probe 
Geometric 

Angle 

0 77 
o 68 

0 58 

0 49 
0.40 
0 10 

0.38 

0 36 
0 33 
0 3l 
0.31 
0.22 

0 13 

0 03 

3-db 
Median Error in 
A2cQ Degrees -- 

0 73 0.02 

0 61 -0 01 

0.56 0 

0.48 -0 01 

0 39 -0 01 

0.43 0 03 
G L3 0 05 
0 39 0.03 
0 37 0.04 
0 35 004 
0 32 0.04 

0 27 005 
o 08 -0 05 

-0.10 -0 13 



site Test 
NO NO -- 

94 
(CL 95 

96 
97 
98 

99 
100 

101 

102 

103 
104 

105 

106 

107 
108 

m 

110 

111 

112 

113 

Probe 
Geometric 

Angle 

3-db 
MdlB.Il 
An& 

TABLE III (cant) 

Error in 
Degrees 

0 48 0 48 0 

0 46 0.47 0.01 

0 44 0 45 0.01 

0 42 0 45 0 03 
0 40 0.47 0 07 
0.39 0 44 005 

0 35 0.34 -0.01 

0 31 o 26 -0.05 

0 29 0 33 004 

0 27 0.31 004 
0.25 0 29 004 

0 23 0 29 0 06 
0 21 0.25 004 

0 19 0 21 0.02 
0.15 012 -0 03 
0 12 0 13 0 01 
0 10 OW -0.01 
0 08 0 -0 08 
004 -0 14 -0.18 

0 -0 17 -0.17 

site Test 
No. No -- 

Probe 3-db 
Geometnc lJedlan 

Angle Angle 
Error in 
Degrees 

7 119 0.42 0 42 0 
(cant) 120 0 40 0 43 0.03 

121 039 0 40 0.01 
122 0.37 0.42 OW 
123 0.34 0 38 0.04 
124 0.31 0 35 0.04 

125 0.28 0.35 0 07 
126 0 27 0.33 005 
127 o 26 0.28 0.02 
128 0.23 0 20 -0.01 

129 0 20 0 17 -0 03 

130 0 17 0 17 0 

131 0 15 0 23 o 08 

132 0 14 0 13 -0 01 

133 0 10 -0 13 -0.21 

134 o 08 -0 12 -0.20 

135 0.05 -0 13 -0 18 

136 002 -0.16 -0 18 

137 -0.01 -0.15 -0 14 



Test No. 273 

Elevation 
in Degrees 

1.20 

1 17 

113 

1 09 
105 
101 

0 98 
0 94 
090 
0.86 

o 82 

0 79 
0 75 

0 71 
0 67 

0.63 

0 59 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

0 

0 

0 

0 

-2 

-2 

-2 

-2 

-2 

-1 

274 

2 

2 

2 

2 

2 

2 

-1 

2 

2 

3 
2 

2 

1 

3 
2 

2 

2 

TABLX IV 

ERRORS D, READINGS OF RXCEIVER MODm B AT SITE 5 
(Errors in Hundredths of a Degree) 

295 (273 - 295) 268 270 268 270 (t. Tests Ad;~usted) 277 27s 

12 

0 1 

11 

11 

11 

11 

0 0 

10 

10 

1 0 

2 0 

1 -1 

1 -1 

1 -1 

1 -1 

1 -1 

1 -1 

279 

0 

0 

0 

0 

1 

1 

0 

1 

0 

-1 

1 

0 

-1 

-1 

0 

0 

0 

RE 
DeVla- 

Mean tlon -- 

0.0 07 11 

-0 5 03 10 

00 05 11 

05 06 0.9 
10 o 8 0.9 
10 08 09 

10 02 07 

10 08 07 

10 07 07 
15 08 11 

20 12 09 
1 .a 0 2 1.4 

1.0 -02 12 

1 .o 0 2 1.7 

1 .o 0.2 14 

0.5 01 13 
00 02 11 

(Adjusted) Mean 

-4 -2 -2 

-5 -4 -3 
-4 -I: -2 
-4 -4 -2 

-4 -4 -2 
-3 -4 -1 

-4 -4 -2 

-3 -4 -1 
-3 -4 -1 

-2 -3 0 
-2 -4 0 
-3 -4 -1 

-3 -4 -1 

-2 -4 0 

-2 -4 0 

-2 -5 0 
-2 -5 0 

-1 

-1 

0 

0 

0 

0 

-2 

-2 

-1 

0 

0 

-1 

-2 

-2 

-1 

-1 

0 

01 

-0.3 
01 

02 

04 

05 
-0 4 

03 
03 
06 

09 
-0 1 

-05 
-0 1 

0.0 

-0 1 

01 

I I I. I i i I 



i I I , / 1 , I 

Test No 273 

Elevation 
in Degrees 

o 56 -1 

0 52 -1 
0.48 -1 

0 44 0 

040 2 

0 36 2 

0 33 0 

03 0 

0.25 2 

0 21 3 
0 17 2 

0 14 -2 

0 10 -7 

0 06 -10 

0 02 -9 
-0 02 -6 

TABLE IV (cork) 

274 277 278 279 295 (273 - 295) 268 270 268 270 (8 Tests AdJUSted) 

PM? mE 
DfSia- DeVla- 

MeaIl tion (Adjusted) Mean tmn -- -- 

-10 1 0 -2 -1 

1 1 -2 -1 
1 1 -2 -1 
1 1 -2 -2 

2 3 -1 -3 

3 4 l-5 

3 3 0 -7 
4 1 l-7 

6 2 3 -5 
7 6 4 -2 

5 4 2 -3 
-1 -2 -4 -9 

-3 -5 -9 -12 

-4 -5 -10 -12 

-4 -4 -10 -9 

-2.0 

-3.5 

-4 5 
-6 0 

-8 5 
-10 5 
-10 5 

-7 0 
-6 o 

-7 0 
-11.0 

-16 0 
-16 o 
-18 o 

-0 7 o 9 -3 -6 -1 

-0 7 1.2 -3 -6 -1 

-0 9 1 6 -2 -5 o 
-1 1 2 0 -1 -4 1 

-0.5 3 2 1 -3 3 
-06 46 1 -3 3 

-19 50 0 -4 2 

-19 51 0 -2 2 

02 46 3 -1 5 

20 46 4 -2 6 

0.5 4 2 4 o 6 

-4 8 3.8 -1 -0 1 

-87 43 -5 -10 -3 

-7 -12 -5 
-6 -9 -4 

0 

-1 
-1 
-2 

0 

3 
4 
6 

5 
4 

1 
-2 

-6 
-6 

-6 

-0 6 
-0.8 

-0 8 
-0 9 1.9 

00 3.0 

-0 3 

-0 9 
-0 4 
14 

2.8 
12 

-3 8 
-7 6 

m 



site 

Test No 

Elevation 
in Deg:rees 

2 

20 

0 92 2 

0% 2 

0 87 2 

o 84 1 

0 81 1 

o 78 1 

0 75 2 

0 72 2 

o 69 1 

o 66 1 

064 0 

o 61 1 

o 58 1 

0 55 1 

0 52 1 

0.49 1 

o 46 2 

0 44 1 

0 41 1 

o 38 3 
0.35 3 
0 32 4 

029 4 

o 26 5 

TABLE V 

ERRORS IN RECIIIUCS OF RECEIW MODEL B 

AT VARIOUS DISTANCES 
(Errors* in Hmdredths of a Dqree) 

2 

2&3 

15 
15 
10 

LO 

10 

10 

-1 0 

10 

10 

0.0 

-1 0 

-1.0 

-1 0 

-2.0 

-2 0 

-2.0 

0.0 

-3 0 
-4 0 
-4.0 

-2 0 
-1 0 
-1 0 

0 .o 

4 

276 

1 

1 

1 

1 

1 

2 

2 

3 
1 

2 

2 

2 

4 

6 
4 

5 
5 
6 

4 

201 

1 

1 

1 

1 

2 

1 

2 

0 

-1 

-1 

-1 

-2 

-1 

0 

-1 

0 

1 

-1 

10 10 

283 287 

-2 

-1 

-4 

-2 

0 
0 
0 

-2 

-3 

-3 
-5 

2 

2 

4 

1 

-1 

-2 

-1 

-3 
-3 

-5 
-2 

5, 2, 4, 10 
(14 Tests**) 

RIG 
blear. Devm.tmr. - 

06 11 

06 11 

08 11 

08 09 
09 10 

01 12 

01 13 

03 13 
0.3 13 

0.3 11 

01 12 

03 1.1 

04 11 

-0 2 15 
-0 4 12 

-0 5 21 

-0 4 17 
-0.8 18 

-0 2 26 

0.4 34 
01 39 

-0 3 43 
-02 45 

09 43 
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TABLE V (C&) 

site 

Test No. 

Elevation 
in Dc~:lces 

0.24 
0 21 
0 18 
0 15 
0.12 

0 09 
0 06 
0 04 

0 01 

2 2 4 4 10 
275 280 27.3 201 283 

4 -2 0 
0 -3.0 

-2 -7.0 

-5 -13.0 
-6 -13 5 

-7 -15.5 
-7 -14.5 

-6 -13.0 

-11.0 

4 00 -14 

3 -1 0 -15 
-4 -11.0 -10 
-7 -15.0 
-a -15 0 
-6 -12 0 
-4 -12 5 

-13 0 
-13 0 

10 5, 2, 4, 10 
207 (14 T&s**) 

RMS 
bieLl.1 wf1nt1on 

-1 01 53 
-19 -0 9 7.5 

-25 -3.3 
-4 0 

-7 3 
-a 5 

* Errors for Sites 5, 4, and 10 derived by hz.erpolation between angles 
actually recorded. 

** Inchdug all tests listed in Table IV for Site 5 
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FIGURE 1. VOLUMETRIC COVERAGE OF PROPOSED LANDING SYSTEM 
USING THREE SCANNING BEAMS 
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FIGURE 3 USE OF PROPOSED SYSTEM DUXNG INITIAL GLI?lE 
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FIGURE 5. USE OF ANGULAR GUIDANCE FOR TOUCHDOWN 
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PIGUFCE 6 EXPERIMENTAL SCANNING ANTENNA 
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FIGURE 8. ANGLE-DATA TRANSMISSION AND RECEPTION 
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FIGURE 10. ELEVATION PROFILE OF MAIN TEST RADIAL 
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FIGURE 11. EI,S'ATlOh PROFILE OF TEST RADIAL TO SITE 1 



FIGURE 12. 'ELEVATION PBOFILE OF RUNWAY-PARALLEL TEST RANGE 
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FIGURE 13. FIELD-TEST GEOMETRY 
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PRoa “EIEWT IN FEET 

FIGURE 14. STATIC LOBING FROM TEST RADIATOS 4 FEET ABOVE 
AVERAGE GROUND LINE 
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FIGURE 15. STATIC LOBING FROM TEST RADIATO3 7 FEET ABOVE 
AVERAGE GROUND LINE 



FIGURE 16. STATIC LOBING F,iOK TEST RADIATOR 1 FOOT ABOVE 
AVERAGE GROUND LINE 
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FIGUix li. snrrc L~RINC PA:"TX:RNS (COMPOSITE DATA) 
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FIGURE 18 EFFECT OF MOIST'JRE ON STATIC LOBING PATTERN 



FIGLI:IE l'i EFFECT OF CRASS ON STA"IC LOSING PATTERN 



FIGURE 20 EFFECT OF DYNAMIC LOBING ON PEAK-OF-BEAM AMPLITUDE 
OF INTERCEPTED SCANNIh'G BEAF; 



FIGURJ. 21. DYHAMIC LOBING PATTERNS (COMPOSITE DATA) 
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FIGUtiE 22. DYNxMIC LOBING AT VAXOUS DISTANCES 
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FIGldE 23. S'TATIC BEAMSHAPE PATTEBN (TEST ~0. 11) 
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FIGURE 25. STATIC BEAMSHAPE PATTERN (TEST NO. 13) 
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FLGU;iE 26. SI’ATIC IdiAMShAPE PATTERN (TEST NO. 14) 
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FIGURE 27. DYNAMIC ENVELOPE 0~ SCANNING BEAM (TEST NO. 32) 





FIGURE 29. DYNAMIC ENVELOPE OF SCANNING BEAM (TEST NO. 29) 





. 

L< 

Ia 20 24 21 32 3* 40 44 

IHSIANT.NEO”I WA” .“OLE ABWL A”mT”1*” REFElEWCL IY DEDlEEI 

FIGURE 31. DYNAMIC ENVELOPE OF SCANNING BEAM (TEST NO. 25) 



. . 

FIGURE 32. Vc\HIA'*'II)X'S IN DYNAMIC ENVELOPE OF SCANNING BEAK 
AT LOW ANGLES 
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FIGURE 33. HALF-POWER MEDIAN ANGLE ERRORS FROM DYNAMIC 
BEAMSHAPE TESTS 



FIGURE 34. THEORETICAL AND MEtASUftED PROPAGATION ERRORS IN 
ELEVATION ANGLE 
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FIGURE 36 EQUIPMENT SETUP AT RECEIVER TEST STATION 
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FIGURE 3’7 RECEIVER READINGS AT 1500 mm (TEST NO. 226) 
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FIGURE 39. RECEIVER READINGS AT 2500 FEET (TEST No 224) 



FIGURE 40 RECEIVER READINGS WITH NORMAL SCANNER HEIGHT 
(TEST NO. 229) 
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FIGURE 41. RECXVER READINGS WITH ELEVATED SCANNER AND LONG 
GRASS (TEST ~0 231) 



FIGURE 42. RECEIVER READINGS WITH ELEVATED SCANNER AND SHORT 
GRASS (TEST NO. 232) 
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FIGURE 43 RECEIVER READINGS WITH SHORT GRASS (TEST NO. 



FIGURE 44. RECEIVER READINGS AT 3580 FEET (TEST NO. 240) 
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FIGURE 45. RECEIVER READINGS WITH OBSTRUCTED PATH (TEST 
NO. 241) 



FIGURE 46. EFFECTS 0~ VARYING LOWER SCAN LIMIT (TEST NO 215) 



FIGURE 47. Em~cTs OF VARYING LOWER sc.4~ ram (TEST ~0. 217) 
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FIGURE 49. EFFECTS OF DIRECTION OF SCAN ON RECEIVER READINGS 
(TEST ~0. 214~) 
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FIGURE 50. REcEIvm READINGS AT 1250 FEET (TEST NO. 257) 
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FIGURE 51 RECEIVER READINGS AT 1000 FEET (TEST ~0. 258) 



FIGURE 52 RECEIVER READINGS AT 750 FEET (TEST ~0. 259) 



FIGURE 53. RECEIVER READINGS AT 500 FEET (TEST NO 260) 



FIGURE 54 RECEIVER READINGS AT 37-DEGREE AZIMUTH (TEST 
NO. 222A) 



FIGURE 55. RECEIVER READINGS ON RUNWAY-PARALLEL (TEST 
NO. 261) 



FIGURE 56 RECEIVER READINGS ON ?JJNWAY-PARALLEL (TEST 
NO 262) 
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FIGURE 57. RECEIVER READINGS ON RUNWAY-PARALLEL (TEST 
NO. 263) 



FIGURE 58. RECEI~R READINGS ON RUNWAY-PARALLEL (TEST 
NO. 265) 
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FIGURE 59 RECEIVER READINGS ON RUNWAY-PARALLEL (TEST 
NO. 264) 
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FIGURE 61. MODEL B RECEIVER READINGS AT 1500 FEET (TEST 
NO 279) 
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FIGURE 62. MODEL B RECEIVER READINGS AT 2000 FEET (TEST 
NO. 280) 
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FIGURE 63. MODEL B RECEIVER READINGS AT 2500 FEET (TEST 
NO. 281) 



FIGURE 64 XODEL 3 RECZIVEF READINGS AT 3000 FEET (TEST 
NO 282) 
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FIGURE 66 MODEL B RECEIVER READINGS ON RUNWAY-PARALLEL 
(TESTS NO zag) 
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FIGURE 68 MODXL B RECEIVER READINGS ON RUNWAY-PARALLEL 
(TEST NO 291) 
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FIGURE 70 MODEL B RECXIVER READINGS ON RUNWAY-PARALLEL 
(TEST ~0 266) 
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FIGURE 72. ~ASLIRED PROPAGATION ERROFS AND REcmvhR READIIJG 
ERRORS AT SITE 5 
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as in most high-resolution pu;se l?te.rval generating systems 
HOWeVer, the system is unique in :ncorporatlng a coabiqatior 
of digital and analog timing, &it). the analog-timing circuit 
acting as an “interpolator ” Th:s Greatly reduces the fre- 
quency of the necessary aigitai counting, giving a consider- 
ably more reliable device 

The Encoder’s input information is derived from the 
Angle Data Pick-off unit mountea on tne antenTia A steel 
scale, ruled in one-hundredth-of-an-inch dlvlsio%, is mounted 
on the scanning antenna, and moves with It A photocell 
pickup senses the dlffer?nL? bcL:vcen thy black mn:‘king and 
the background color of the scale. Thus, as the scale moves, 
it produces a pulse each time a scale division passes unaer 
the photocell The radi,xs to tne scale is so chosen tnat a 
movement of one-hundredth of an inch along the scale indicates 
an antenna rotation of 0 02 degree Leadir.g and trailing 
cages of the pulses are then used to give a count pulse for 
every 0 01 degree of antenna motion 

Tne interval oetween Encoder output pulses varies 
from 16 to 96 usec as the antenna scans through 20 degrees, 
with the pick-off sensing each O.Ol-degree change. A simple 
calculation shows that a unit change in the antenna count 
must cause a 0 04-psec c’lange in the Irterval. 

Figure B-l is a blocK diagram of the Angle-Dar;a 
Encoder. 

The angle increment counter accepts and counts 
antenna pick-off pulses to derive a number representug the 
angular position of the antenna. Since the antenna moves 
in an osciilating manner, the angle value will OsCillate, 
and a bioirectloqal counter 2s required The direction of 
counting is changed by a llxit-switch signal for each reversal 
of antenna rotation 

- 
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Geloratio:l of The 31,~:e :rz~: ZL oeg~r,s at the lnitlal 
interval generator, wI~lch procuc2;; a irxi>d znterval correspond- 
~ng to the minumlm puise spacing :equ;-ed for e?codlng. ThlS 
interval 1s generated oy counting a f,xc? nu:ber of pulses 
from a reference osc~lla~o~~ n ci*p3J ;'rcoLcea at the cno of 
tile inltlal interlai tnen opens a Zogxc clxu~t, gatlng pi~.!ses 
from the reference osc !Ilator to the \*a-lable interval counter 

By the saire process of couniiqg pulses from the 
refel-ence oscLllator, the va=lahle zntervz,l cowter generates 
a;, lriterval tnat corresponds bcj the eignt xost slgnlficant 
dlg;ii;s of Lie number In tne angle ~ncrerr‘ent counter The 
nunbei' from which t:le variable ,-,terval counter generates 
Its portion of tne lqterval LS @ted ln,o tnis counter from 
the angle increment counter at either of two InstaRts during 
th9 ,r:ltLai Interval The guard palse circuit elnsures that 
tne r&ad-1n Will not take place at an Instan+ &hen r;ne count 
13 changiny 

The out>u~ @~:se of the lnteqolator signals the 
end of the full lntervai Th:s pu;~e Is reconstituted to a 
siarda:d length ana !&ec LQ monr~laze the :rawflltter 

A timl'lg d*a&;ram would shw zhat tnr nmber supplied 
to the InterpoYdlor rn&~ hr aexigei uy add;-g the InterDola- 
tlon ba:ne for tne preno~s Interval to the tnree bits cur- 
rently in the angle increment counter. A three-blt olnary 
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adder performs this addlilon continuously, ard once per cycle 
the output of the adder ., t: ansmitted to the interpolation 
counter This counter hL.,l; the results of the addition 
until the time of generation of the interpolation Interval, 
and It provides storage for antenna pick-off pulses that are 
received during the generation of the coarse interval. This 
latter function updates the encoder on changes in angle that 
occur during the generation of the coarse interval. 

The lnterpolatlon counter will receive and correctly 
store antenna pick-off pulses up to the point where the 
capacity of the counter is exceeded and an overflow occurs. 
This overflow represents a change required in the coarse 
interval of one count * from the reference oscillator, and it 
is accounted for by changing the lengtn of the variable 
Interval by one count. The interval must be Incl%?ased by 
one count if the angle increment counter is counting forward, 
or decreased by one count If It Is counting backward. Logic 
circuits are incorporated to make these changes when the 
Interpolation-counter overflow line Is energized. 

A similar overflow may occur when adding lnterpola- 
tion values together. In this case, an overflow still 
represents a change of a unit count from cne reference oscil- 
lator, but only in a positive direction. The change Is 
incorporated by stretching tne initial interval by cne count 
when the output of the adder Indicates an overflow. 

ANGLE-DECODING RECEIVER 

The K-band Angle-DecodIng Receiver has been designed, 
from its Inception, with the ultmate system application in 

+ The tlmlng of the system IS such that an overflow of more 
than one count can never ocru~ within the Interval between 
two output pulses. 
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Model A and Model B breadboarc, receivers were based on block 
diagrams of the full-scale version, as mom 1x1 Figures B-2A 
through B-2D Those functions net incorporated in the 
Model B are cross-hatched in the diagrams 

A description of the four major sections of the 
proposed full-scale receiver follows, this description applies 
to corresponding elements oI e tne Model B receiver used in this 
test program. 

The front end is of conventional design The 
decoder section recovers the angle reference data and pro- 
duces a voltage proportional to the beam angle at the instant 
each pulse is received, it also decodes beam identity, and 
accordingly switches certain circuits in the receiver The 
tracker section compares the decoded angle voltage during 
each beam passage with the output Volta&e representing the 
aircraft’s angular position, arid adJusts the outout volt,?&= 
as required. The calibrator section continually tests the 
performance of the decoder and tracker, whenever no beam is 
actually being decoded and tracked. 

Detailed descriptions of various video circuit 
functions will follow a discussion of the general character- 
istics and design goals for this receiver. 

The major design goal Is to obtain angular measure- 
ments that are consistent, from scan to scan, wltnin 
0 01 degree, and accurate In absolute value within 0.05 degree. 
Obtaining performance of this quality in a relatively uncom- 
plicated airborne equipment is facilitated by some peculiari- 
ties of the application (1) performance can be permitted to 
fall short of the goals except when the aircraft is actually 
about to land--that Is, except at lad elevation angles, near 
the center of the azimuth sector ano at close range, 
(2) optimum conditions will prevail just when best performance 
is required--high signal-noise ratio and high pulse data 

- 
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and holding it there until the retrace gate ends.* Tne 
linear sweep then begins at a rate of 0 25 volt/wet Whel 
the next pulse arrives, the reaa gate that It triggers stops 
the rise of the sweep voltage and holds tne ievel tnat has 
been attainea for 4 I.rsec. This voltage (which 1s an analcg 
of pulse spacing, since the sdeep voltage increases at a 
constant, known rate) is used by the tracker awing the read 
interval 

ANGLE TRACKER 

In the angle tracker section, the pulse-spacing 
analog voltages from all the pulses wlthln one passage 
of a beam are compared, ape by one, with the angle data 
established by previous passages of tnat partlcdlar beam h 
error signal is thus developed that is used to update the 
angle data stored in the angle memory 

The angle tracker uses a technique known as cenr;sr- 
of-gravity tracking, in which angle information is derived by 
averaging all the spacings In an entire beam passage, rather 
than by considering a small number of pulses at the nominal 
center of the beam. The averaging process inherent in this 
technique minimizes random errors and frees the output from 
the granularity of any digital encoding scheme. 

The tracking cor,paYaLor is r;hc neart of the center- 
of-gravity tracker To this c::rcu~r; are fed the pulse- 
spacing analog voltages from the -hear sgqeep generator, the 

* As the figure shows, the sheep is actuaii:r xr;racea to a 
small voltage below zero 91s ensures operaLIon on tne 
linear portion of the sheep *hen zero voltage is reaches. 
Note that zero voltage is equva;ent to 18 @ec, tne 
pulse spacing used to represent zero deg?ees ir the 
encoding scheme (During the tests, and earlier in 
this report, 16 psec was taken as zero degrees ) 
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That this is true is easily seen if we visualize 
what would have happened had there been no error. In tnat 
case, Figure B-4A would,of course, oe unchanged but, in 
Figure B-413, half of the spacing-analog voltages would be 
more negative and half more positive than the angle memory 
voltage Thls, in turn, would make the envelope of positive 
pulses at the comparator output the mirror image of the 
envelope of negative pulses. Tne positive and negative areas 
would then be equal, and the residual charge at the end of 
the integration process would be zero 

The error voltage developed at the output of the 
integrator drives a constant-current generator. During the 
sample interval, the current from this generator flows 
through the input matrix to the proper memory, correcting it 
to the new angle value. 

At the ena of the sample interval, the constant- 
current generator is disconnected from the memory, which 
retains the new angle value, and a discharge pulse returns 
the differential error integrator output to zero, preparatory 
to the next determination of angle. 

DISCRIMINATOR GATES 

In discussing the sear,‘; and defrult gates, we 
assume as an Initial conditlon that the search gate is open, 
and that the value In the angle mcmol’y is greatly different 
from the angle of the beam about to be received This is 
the condition that could prevail if no oeams had been 
recelvea for a long time. 

With the search cat<> opi’n, all the data pulses plus 
some extraneous pulses (noise, interference, ano reflections) 
pass to the video gate and thence to the decoaer and thresh- 
old circuitry 

- 
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long) is fed back from its genera i to close the search gate 
for the first 17 psec after each i Jse, tnis blocks all 
identity pulses (which occur 10, i2, or 14 bsec after each 
data pulse) from reaching the decoder. Furthermore, the 
autocalibrate gate signal closes the search gate during the 
calibration cycle, this prevents stray pulses from interfer- 
ing with the calibration process 

IDENTITY CODING 

The glide-path beam ano the localizer beam are 
distinguished from the flareout beam and from each other by 
the presence of identity pulses 10, 12, or 14 ~sec after 
each data pulse l Decoding of this identity information is 
required so that the proper angle memory voltage is selected 
for use in the defruit dlscrimlnator and in the tracking and 
calibrator circuits. The receiver AGC level is set by the 
flareout beam, and trackirg corrections must be applied to 
the proper memory circuits 

All receivea pu:* ’ are applied directly to the 
identity decoder, which is a passive delay line with short- 
term (millisecond) integrator networks fea from the taps at 
10, 12, and 14 psec, respectively When a beam from either 
the glide-patn scanner or the localizer scanner is received, 
the identity pairs with one of tllese spacings buila up a 
voltage on one of the two identity ,,ate LIIPU~ 1lnES. 

Immediately after each beam has bL,cn tracked, both gates are 
turned on by the nlschargc gate goncrator, which also applies 
a transient that triggers the skd.:-sequence codnter. Either 
one or neither: of the counter’s output lines are energized 

.- 
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passes the threshold gate, the trzeshcld cor,trol and quantlzer 
limits the portion of the beam csnsldered by the tracking 
circuits to the high-amplitwe Fe&Ion of the team envelope. 
Note, however, that this higher tn-eshold does not reduce the 
amount of lnfor*matlon provlLtw lil the tr’acklnt: clrcults A 
constant number of pulses give a constant nwnber of angle 
determinations, even thouEn the chreshola level varies. 

AUTOCALIBRATOF 

The autocalibrator section generates pulses of a 
standard spacing, ana a comparison voltage exact15 equivalent 
to this spacing, for continual qonitorlng and calibration of 
the aecoder and tracker circuits 1, These circuits are ca--- 
bratea after each beam, the effects of any drift or non- 
linearity in the sweep voltage are tnus minimized 

During the calibrate perlad, the fcllorilng events 
take place 

1 The video gate is sv#izched, allo~ving a slmu- 
lated beam (a trail of pulses from the cali- 
brate section) to enter the decoding and 
tracking circuits At tne same time, the 
voltage gate Is switched, feeding the call- 
bration reference voltage to r;he co‘mparator 

2. Tne slmJlated beam 15 deconed &na, because 
the callbratlon reference voltage ,+as cnose” 
to correspond exactI: to t-e soac,ng tllo 
voltage aeve;oprd at ‘ihe cutxt CI Lhe erro: 
xtegrator 1s propo-tlonei -,c tne error In 
the decoding anu tl’;ic.xlng process 

3 The error voltage cabbes the Lonstant-current 
generator to produce a ckrrent that is red 
to eltner the width or slope servo integrator 

4 The output of the ,bldth servo xtegrator con- 
trols the w-oth of t?e retrace gate Since 
the eqd of zPe Petri-e gate triggers t?e 
beg-nning of tne linear steep, cortro-liqg & 
the w:ath of t.xs gate controls ti-e siartxlg 
time of the sweep, and thErefore controls tne 
voltage attaxed for a gigen spacing. 
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constant-current generator flods to the proper angle memory, 
correcting it to tne latest decoaed angle valae 

- 

- 
The end of the sample gate lnitlates the discharge 

gate, which dumps the charge stored in the differential error 
integrator preparatory to the next integration The discharge 
signal also resets the scan sequence couqter for the next 
beam The end of the discharge gate then generates the auto- 
calibrate gate, wnlch 

1. 

2. 

3. 

4 

5 

Sl,+itches the ca:?bration se<;uence flip-flop, 
so that alternate calibration motes (tgidth 
ant slope) will be used after alternate beams. 
Switches the video gate, allowing a train of 
pulses from the proper calibrazion reference 
oscillator to enter the decoding-tracking 
circuits 
Switches the voltage gate, applying the proper 
calibration reference voltage to the comparator. 
Closes the search gate to block noise and 
Interference 
Dlsaoles the threshola circuitry - 

To prevent the calibrate beam itself from generatIn& 

- 

- 

another cycle of calibration, the beglnning of the autocal:- 
brate gate starts another and loni;-r gate slgnal, the calibra- 
tion inhibit Tnis slgnal holas the calibration inhibit logic 
closed for a perloo of time during and Irmeaiately after each 
calibration beam mus ) the discharge gate generated oy the 
calibrate beam cannot reach the autocalibrate gate generator, 
and calibration beams are prevented from regenerating them- 
selves 
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FIGURE B-l 3,rJCK DIAGRAM OF ANGLE-DATA ENCODER 
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FIGURE B-2. BLOCK DIAGRAM OF k:.S;Z-33CODING RECEIVER 
(SHEET i OF 4) 
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FIGURE B-2 
SHEET 2 OF 4 
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FIGURE B-2 
SHEET 2 OF 4 
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FIGURE B-2 
SHEET 3 OF 4 
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FIGURE B-2 
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FIGURE B-3 ANGLE-DECODING WAVEFORMS 
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FIGURE S-4 CENTEH-OF-GRAVITY TRACKING WAVEFORK 
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APPENDIX C 
PROPOSED OFFICIAL TXSTS 

In general, the tests k,’ propose to be offlclally 
wltnessed by FAA engineers ale cr.osen from among the many 
types of tests developea by A.CL to most efficiently demonstrate 
the validity and repeatability of the results contained in 
this report In this light, such “basic research” as Dynamic 
Lobing and Static Beamshape tests (set? paragraph A of Spc- 
tlon III) are not includcu Furthermore, since tne autocali- 
bration feature of the receiver has been found to be a 
reliable way to improve the accuracy of angle measurement by 
a stibstantial amount, and since the system has never been 
claimed to be operational without autocallbration, all tests 
should be conducted with the autocallbrate circuitry in opera- 
t1on 

Briefly, we propose to perform three different tests 
at each one of a group of checkpoints (to be specified by the 
FAA) within the coverage of the system. The checkpoints 
should be chosen to include -valuation of the effects of 
(a) range,and (b) offsets frcm the centerline of the scanning 
antenna With these factors in mind, checkpoints are suggested 
that are at ranges between 500 and 4000 feet, and on lines 
22 degrees and 45 degrees from the centerline of the scanner’s 
azimuth coverage. 

At each one of the chosen checkpoints, we propose 
to perform three tests (a) Static Lobing, (b) Dynamic Beam- 
shape, and (cl Received Angle. 

STATIC LOBING TEST 

This test (described In Section III) should be 
performed first at each checkpoint. The test is quick and 
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easy to perform, and provides an excellent qualitative evalua- 
tion of the terrain between the scanner and the checkpoint 
The depth of the nulls is an indication of the strength of 
reflections of the 16-kMc signal taking place along the overall 
path. This information will aid in interpreting the Received 
Angle data to be taken later at the same point. 

DYNAMIC BEAMSHAPE TEST 

The time required to set up and run a Dynamic Beam- 
shape test is not negligible, but this type of test represents 
a significant part of the AIL measurement program. 

The receiver determines the angle ac the center of 
gravity of the dynamic envelope (excluding skirts and side 
looes, insofar as this is possible) Thus, If the central 
portion of the dyr,amlc envelope is distorted by reflections 
from terraln, an error is generated. Furthermore, this error 
theoretically cannot be reduced by improvements in encodlng 
or decodlng tecnnlques Thus, we may consider the Dynamic 
Beamshape test to lnaicate the iTreducIble minimum system 
error of the AIL technique 

This interpretation should be applied cautiously, 
hodever As 1s discussed XI the body of this report, attempts 
to correlate Dynamic Beamshape errors with overall system 
errors were many times disappointing, but we still believe 
that a demonstration of the technique of this test is impor- 
tant and should be zxluded In the official tests. 

RECEIVED-ANGLE TEST 

Evidently, the receiver should interpret the 
transmitted slgnal for a determination of overall system 
error By using proper equipment and techniques, however, 
much more than overall system error can be determined during 
this test It is suggested that both the angle memory and 
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integrated signal strength outputs of the AIL receiver be 
monltored on a chart recorder runlng at a relatively fast 
speed, perhaps l/2 inch per second. Ine pulses of integrated 
signal strength voltage ~111 mark each beam passage, and 
their spacing ~111 snoi~ which beams ane upwara scans and 
which are downward scans The angle memory voltage can then 
be examined to determine if differences exist III the infor- 
mntlon recelvcd from a downward scan compared with that from 
an upwara scan If desired, the transmitter can also transmit 
on downward scans only or on upward scans only. 

It is further suggested that, as the recelvlng 
antenna 1s r’alscd and lowered to intercept different angles, 
It be held star,ionar,y at each posltion for 5 or 10 seconus. 
A 1;1:p* rumb~r of t.k~arn passa~:~~s will th?n be recorded at 
each po,ltl~, and tJw recordln~, c,ln later be cxamin~ for 
a statlYtlcal dctcrmlnatlon of system 14labilit.y. 
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Notes 

A. 

B. 
C 
D 
E. 
F. 

G. 
H 
I. 
J. 
K 
L. 
M 

N. 
0. 
P 
Q. 

A. 

S. 

T. 

a, 
b. 

APPENDIX D 
ORIGINAL DATA 

Operating frequency recorded as 16,000 MC. 
Operating frequency record?c, <IS 16,100 MC 
Signal-to-noise ratio recoruzd as 45 to 50 ab. 
Zero-degree count not recorded on data sheet, but 
known to have been 79. 
Upward scan only 
Signal-to-noise ratio recorded as 30 to 35 LID. 
Signal-to-noise ratio recolued as 35 to 40 db 
Operating frequency recorded as 16,098 MC 
Slgnal-to-noise ratio recorded as 25 to 30 db 
Signal-to-noise ratio recorded as 50 to 55 db. 
Operating frequency 16,098 MC, signal-to-noise ratio 
30 to 40 db 
Signal-to-noise ratio recorded as 40 to 45 db 
Operating frequency 
Operating frequency 
Operating frequency 
40 to 50 db. 
Operating frequency 
30 to 40 db. 
Operating frequency 
50 to 55 db. 
Operating frequency 
40 to 50 db 

recorded as 16,090 MC 
recorded as 16,095 MC 
16,095 MC, signal-to-noise ratio 

16,095 MC, signal-to-noise ratio 

16,095 MC, signal-to-noise ratio 

16,093 MC, signal-to-noise ratio 

Receiver calibration checked continually durirg test. 
Temporary site, 
at 45 degrees, 

about 1350 fee; (paced) from scanner 
best fit of data is for 1400 feet. 
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Notes 

d. 

e 
f. 

g 

h 

1 

J. 

m 

n. 

P 

q 

r 

t 

u 

". 

W. 

X. 

Scanner elevated aboht 16 5 inches above normal 
height 
Grass recently mowea on test radial. 
Ground reflections p rtly suppressed by obstruction 
on test radial. 
Temporxj site at 0 t:\?grees, 1750 feet from scanner 
(betw&en sites 5 zi,l 2) 
Temporary site at 0 aegrees,225O feet from scanner 
(between sites 2 ana 4) 
Temporary site at 0 degrees,2750 feet from scanner 
(between sites ii and 6). 
Temporary site at 0 degrees,1250 feet from scanner 
(In line w1t.h site 5) 
Temporary site at 0 degrees,1000 feet from scanner 
(In line with site 5) 
Temporary site at 0 degrees,750 feet from scanner 
(In line with site 5). 
Temporary site at 0 degrees,500 feet from scanner 
(in l;ne with site 5). 
Tempo-ary site at 28 3 degrees,1510 feet from 
scanner (1376 feet fro71 virtual origin). 
Ter,porary site at 16.7 degrees,2475 feet from 
scanner (2392 feet from virtual origin) 
Receiver not properly calibrated. 
AGC became unstable at neights below 15 feet 
Angle readings from scanning beam with various 
fixed PRF’s found too high except at 0 degrees. 
Primary power to receiver interrupted during test, 
after 23- and 12-foot readings 
AGC inoperative, gain controlled during test to 
malntaln constant integrated beam energy. 

- 
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TEST DATA ON STATIC BEAMSHAPE 

FIELD STRENGTH VERSUS PROBE HEIGHT WITH STATIONARY BEAM 



TEST DATA ON STATIC LOBsNG 

FIELD STRENGTH VERSUS PROSE HEIGHT WITH HORN RADIATOR 

- 

170 

- 

- 



TEST DATA ON STATIC LOSING 

FIELD STRENGTH VERSUS PROBE HEIGHT WITH HORN RADIATOR 



TEST DATA ON DYNAMIC LOEING 

PEAK-OF-BEAM FIELD STRENGTH VERSUS PROSE HEIGHT WITH SCANNING BEAM 



TEST DATA ON DYNAMIC SEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBF FIELD STRChGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DY?.bMIC BEAMSHAPE 

FIXED-PROBE FIELD STRENGTH VER!x 1 INSTANTANEOUS SCAN ANGLE 



TEST DATA ON UYW5bllC BEAMShAPE 
F,XF”-PROBE FIELD STRENGTH VE.FtSUS llvSlANTANEOUS SCAN ANGLE 



TEST DATA ON DYhAMiC BEAMSHAPE 
FIXED-PROBE FlEL” STRENGTtr VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 

- 

-. 

-- 

- 

-. 

- 

- 

- 

- 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBC FIELD STRENGlH VERSUS INSTANTANEOUS SCAN ANGLE 



-_ 

- 

TEST UATA ON DYNAthC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DYNAMIC SEAMSHAPE 
FIXED-PROBE FIELD STRENL.1’. VERSUS INSTANTANEOUS SCAN ANGLE 
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TEST DATA ON DYNAMIC SEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS iNSTANTANEOUS SCAN ANGLE 

- 

- 

‘B4 

- 

- 

- 

- 

- 

- 



TES; DATA ON DYNAMib HEAMSHAPE 

FIXED-PROBE FIELD STRENGTH ‘VERSUS INSTANTANEOUS SCAN ANGLE 

.- 



TEST DATA ON DYhAMlC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSLS INSTANTANEOUS SCAN ANGLE 

- 

-- 

- 

- 

- 

- 

_, 

- 

- 



TEST DATA ON DYNAMIC BCAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERWS INSTANTANEOUS SCAN ANGLE 

- 

- 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON I) (NAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 

- 

-_ 
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- 

- 
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TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 
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TEST DATA QN DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 

- 



- 
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TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS ‘SCAN ANGLE 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VkRSUS ,NSTANTANEOUS SCAN ANGLE 

,9* 

- 

- 

- 
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TEST DATA ON PYNAMIC BEAMSHAPE 

FIXED-PROBE FIELD STRENGTH VLR!IUS INSTANTANEOUS SCAN ANGLE 

- 

- 

- 

._ 

- 



TEST DATA ON DYNAMIC BEAMSHAPE 

FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 

- 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FIELD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 



TEST DATA ON DYNAMIC BEAMSHAPE 
FIXED-PROBE FlEiD STRENGTH VERSUS INSTANTANEOUS SCAN ANGLE 

- 

- 



TFST DATA ON RECEIVE@ MODEL A 

RECEIVER ANGLE READING VERSUS RECEIVER HEIGHT 



- 

TEST DATA ON RECEIVER MODEL A 

RECEIVER ANGLE REAPING VERSUS RECEIVER HElGHT 

- 



TEST DATA ON RECEIVER MODEL A 
RECEIVER ANGLE READING VEiihS RECEIVER HElGHT 



TEST DATA ON RECEIVER hl3DEL A 
RECEIVER ANGLE READING VERSUS R:CEIVER HEIGHT 

--- 

%- 

/ 



TEST DATA ON REC, I”ER MODEL A 

RECEIVER ANGLE READIhG V~d:sdS RECEIVER HEIGHT 

. . 



TEST DATA ON RECEIVER ‘,!OML A 

RECEIVER ANGLE READING VERSUS RECEIVER HEIGHT 

- 

- 

- 

- 

- 

- 



TEST DATA ON RECEIVER MODEL 6 

RECEIVER ANGLE HEADING VERSUS RECEIVER HEIGHT 



TEST DATA ON AKFIVER MODEL 8 

RECEIVER ANGLE READINS VtRSUS RECEIVER HEIGHT 

- 

- 

- 

- 


