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INTRODUCTION
 

GENERAL. 

The air traffic control radar beacon system (ATCRBS) electronic scan antenna 
(ESA) can be considered (1) a replacement for the existing 28-foot linear array 
beacon antenna; or (2) a flexible, agile beam antenna providing optimum capa­
bility when integrated with an Automated Radar Terminal System (ARTS); or (3) 
a data-link, phased array antenna for use with the discrete address beacon 
system (DABS). The results of the technical test program will be applicable, 
in part, to all three areas, but they are primarily intended to satisfy the 
requirements of the ATCRBS improvement program while providing base data for 
future testing. Test efforts will be developed under appropriate programs to 
meet other objectives. 

This interim report covers the field environment tests performed in accordance 
with the National Aviation Facilities Experimental Center (NAFEC) product 
plan prepared under Agreement No. 03-152, ATCRBS Transmitter Site Improvements 
Program. 

TEST PROGRAM OBJECTIVES. The objectives of the ATCRBS ESA technical test 
program are to: 

1. Demonstrate and determine compliance with portions of the ESA engineering 
requirement (FAA-ER-240-0l3a) applicable to field testing and acceptance from 
the contractor (specification tests). 

2. Measure and evaluate the ability of the ESA to overcome siting problems 
in a representative field environment as compared to the existing ATCRBS in­
service antennas (field environment tests). 

3. Recommend ESA specification changes which clarify and/or improve antenna 
characteristics. Verification of the improvements may require modification 
to the antenna and further testing. 

TEST PROGRAM PROCEDURES. The requirements to accept the antenna from the 
contractor at NAFEC and to fulfill the objectives of the ATCRBS improvement 
program will be met through this test program. The test program was arranged 
to meet the objectives in a manner which would use available resources most 
efficiently and avoid duplication of test procedures. The test program was 
scheduled, with the exception of the preparatory tests. to start after com­
pletion of the installation and checkout procedures of the contractor. 

The testing has been divided into four categories; they are (1) preparatory 
tests, (2) specification tests, (3) field environment tests, and (4) system 
tests. 
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PURPOSE. 

FIELD ENVIRONMENT TEST OBJECTIVES. The objective of the field environment 
test is to measure and evaluate the ability of the ESA to overcome niting 
problems in a representative field environment as compared to the existing 
ATCRBS configuration. 

METHOD FOR FIELD ENVIRONMENT TESTS. The method employed during the field 
environment tests was to compare (test-by-test) results of the ESA testing 
with those obtained from the existing ATCRBS configuration. The data base 
for the terminal radar/beacon test facility (TR/BTF), established by the 
preparatory tests (reference 1), was rechecked to confirm that the performance 
of both the airport surveillance radar-7 (ASR-7) and the existing ATCRBS had 
not been affected by the installation of the ESA. 

BACKGROUND. 

The FY-72 FAA/Systems Research and Development Service (SRDS) research and 
technical resume titled, "ATCRBS Transmitter Site Equipment," contained an SRDS 
development project 033-241-0lC titled, "Development of ATCRBS Electronic Beam 
Antenna." This project, under the cognizance of the SRDS Detection Systems 
Branch, ARD-240, provided for the development and evaluation of a mechanically 
independent ESA. The antenna is electronically interfaced with the primary radar 
antenna and performs the function of an ATCRBS interrogating antenna including 
side lobe suppression (SLS) and improved side lobe suppression (ISLS). 

A specification for the antenna (FAA-ER-240-01Ja, ATCRBS Electronic Scan 
Antenna) was prepared,and a contract (DOT-FA72WA-2704) for its develo~ment and 
installation at NAFEC was issued on September 10, 1971. The installation of 
the ESA was completed in January 1974. 

DESCRIPTION OF EQUIPMENT. 

ELECTRONIC SCAN ANTENNA. The ESA as designed and built consists of 56 array 
modules placed on a platform (ring) constructed around the top of an ASR tower 
(see figure 1). A shelter beneath the tower provides an enclosure for the 
control and radiofrequency (RF) distribution system of the ESA. 

The ATCRBS ESA provides a fan beam at anyone of 2,048 azimuth beam positions. 
Directional and omnidirectional antenna patterns are provided, as well as a 
difference-receiving pattern. Proper combinations of the directional and 
omnidirectional antenna pattern for both the normal SLS and ISLS interroga­
tions can be formed by the ESA. The directional pattern can be lifted over 
nearby buildings to reduce reflections. 

Performance monitoring is provided to indicate operational status, and a 
built-in test function is provided to isolate faults to replaceable modules. 
A more detailed description of the ATCRBS ESA is contained in reference 1. 
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FIGURE 1. THE ATCRBS ELECTRONIC SCAN ANTENNA 



Specification tests were performed on the ESA to determine the characteristics 
of the antenna at the TR/BTF. An interim report was prepared during the test 
and evaluation effort concerning the performance of the basic antenna system 
(reference 2). 

TERMINAL RADAR/BEACON TEST FACILITY CONFIGURATION. The siting of the ESA was 
critical to the anticipated test program to evaluate the expected improvements 
in system performance. Certain requirements, such as testing of the beam 
"hopover" feature, made it necessary to choose a site ~lhich violates correct 
siting practices. In fact, the site had been selected to present the ESA 
with undesirable terrain and obstacles which are characteristics of some in­
service sites, but within the limits for which the antenna has been designed 
to produce improved performance. 

The site selected at NAFEC is adjacent to the aircraft hangar (Bldg. 301) and 
the Atlantic City ~1unici~al Terminal building as shown in figure 2. The site 
configuration, shown in figure 3, includes critical placement of the ASR-5-type 
equipment building, the 17-foot ASR antenna tower, and the ASR-7 radar fiber­
glass buildings (vans). The site provides a clear view of the airfield for 
vertical lobing measurements, and the aircraft han8ar obstruction, which is 
approximately 12.0 0 wide and 3.1 0 high from the center of the ESA (for beam 
hopover and reflection experiments). The site provides coverage (less obstruc­
tions) to the approach to runways 13-31 and 4-22. 

Channel A of the ASR-7, contained in the fiberglass building, is shown in 
figure 4. The ASR-5 type equipment building is located adjacent to, and partially 
under the ESA. The equipment placed in this building is shown in figure 5. 

Panoramic horizon photographs were taken from the antenna position after the 
installation of the ASR-7 antenna and the ATCRBS in-service directional and 
omnidirectional antennas, types FA-8043 and FA-8044, respectively. The 
photographs are shown in figure 6. Additional towers and antennas were 
installed at the TR/BTF during the test and evaluation of ESA. The location 
of these towers, shown on the photographs, were selected to minimize inter­
ference with the ESA test program and still provide for critical placement 
of the other antennas for their evaluation. 

DISCUSSION 

TEST PROCEDURE AND RESULTS. 

GENERAL. The test procedures for the field environment tests of the ESA 
included a recertification (flight tests) of the in-service Airpo~t Surveil­
lance Radar (ASR-7) and the air traffic control beacon interrogat0r (ATCBI-4) 
equipments at the TR/BTF. Vertical lobing measurements, reflection, and dif­
fraction tests were conducted to determine on a test-by-test basis the per­
formance of the ESA compared to the in-service ATCRBS. In addition, some 
antenna pattern anomalies, noted during the specification tests (reference 2), 
were investigated during this effort. 
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FIGURE 5. TERMINAL RADAR/BEACON TEST FACILITY EQUIPMENT 
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Data collection techniques for the test and evaluation of the ESA are comprised 
of various methods developed over the past few years to satisfy requirements 
to investigate the performance of the ATCRBS and to demonstrate the improvements 
made in the system through development efforts. 

Some of the techniques are self-explanatory, such as recording equipment 
parameters, photographing plan position indicator (PPI), recording raw radar 
and beacon on the FR-950 video recorder, etc. Other techniques require further 
explanation. A detailed description of the data collection techniques is 
contained in reference 2. 

AIRPORT SURVEILLANCE RADAR-7 FLIGHT TESTS. The procedure for the ASR-7 flight 
tests followed as closely as possible those described in the U.S. Standard Flight 
Inspection Manual, OAP 8200.1,section 215. All target grading and guidance 
information was accomplished on a direct-view PPI (SRDS type FA-7300) by air 
traffic control specialists. 

All tests were performed with the ASR-7 equipment adjusted in accordance with 
the established parameters (table 1) and except where noted, with circular 
polarization (CP) and unstaggered pulse repetition frequency (PRF). Some tests 
were performed in linear polarization (LP). The moving target indicator (MTI) 
gate was set at 12 nautical miles (nmi) during the flight tests to eliminate 
ground-clutter returns. 

A video recorder (PR 950) was used during the tests to obtain a permanent record 
of the ASR-7 performance before and after the installation of the ESA. Some 
breaks in the recorded data exist due to the time limitation of the recorder 
(approximately 30 minutes) and the need to change tape reels during the test. 
Test procedures for the ASR-7 included antenna tilt measurements, target 
grading of arrival and departure flights, fixed target identification, 
vertical coverage, and horizontal coverage. Target grading was determined 
by properly qualified personnel, using the following criteria: 

Streng!~ 

Target 
Description Explanation 

4 Strong Leaves definite trail. 

3 Good Target persists from 
weak or no trail. 

scan to scan; 

2 Poor	 Shows each scan; no persistence. 
Useable. 

1 Weak	 Target barely visible; possible miss. 
Not useable. 

0 Miss No visible target. 
) 
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TABLE 1. EQUIPMENT SETTINGS 

ASR-7 

Readings (dBm) 
RF Power Output (Average) +54.5 
VSWR 1. 22 
Sensitivity 

Normal Channel A MDS -112
 
MTl Channel A ~IDS -110
 

STC-2 Curve (35 dB Curve) 

Range NMl Reduced Sensitivity (dB)
 
o -35
 
1 -35
 
5 -12
 

10 - 6
 
15 o
 

PRF 1,050 pps
 

ATCBl-4 

RF Pulse Shape Microseconds 
Pulse Width 0.80 

Pl and P3 Rise Time 0.03 
Fall Time 0.12 

Pulse Width 0.80 
P2 (Omni) Rise Time 0.08 

Fall Time 0.10 

RF Peak Power Output	 Watts 
Pl and P3 316 
lSLS and Pl 158 
lSLS and P2 302 

RF Pulse Spacing Microseconds 
Mode 1 3.1 
Mode 2 5.0 
Mode 3/ A 8.1 

B 17.0 
C 21.0 
D 25.0 

VSWR Ratios 
Directional Antenna (type FA-8043) 1.3 
Omni Antenna (type FA-8044) 1.1 

Sensitivity Readings (dBm) 
Tangential (Receiver) -89.0 
Quantitized (Defruiter) -87.0 

STC Curve	 Range nmi Reduced Sensitivity (dBm) 
1 -36.0 
2 -24.5 
4 -19.5 
8 -11. 3 

12 - 5.0 
16 - 0 

PRF 350 pps 
FAA WJH Technical Center 

1111] II~ IIJII1I m~ II~I mill DIIII 
00090573 
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The results of the ASR-7 flight tests confirmed that the performance of the 
radar had not changed from the time of the preparatory tests and consequently, 
were not affected by the ESA installation. 

AIR TRAFFIC CONTROL BEACON INTERROGATOR-4 FLIGHT TESTS. The flight tests 
employing the in-service directional and omnidirectional antennas for the 
ATCBI-4 system were accomplished during the time of the ASR-7 flight tests 
and followed, as closely as possible, the same procedures. All tests were 
conducted with the ATCBI-4 equipment adjusted in accordance with the param­
eters established in table 1. The aircraft used during the flight tests 
were both equipped with TRU-!-type transponders which undergo routine 
periodic checks to maintain their performance level. Test procedures for the 
ATCBI-4 included vertical and horizontal coverage. The results of the 
ATCBI-4 flight test demonstrated that the performance of the in-service beacon 
system had not been affected by the installation of the ESA. 

VERTICAL LOBING MEASUREMENTS. The vertical lobing pattern for both the ATCRBS 
in-service antennas and ESA was measured using the pulse-amplitude printout 
technique (described in reference 2). The antenna under test was placed in a 
fixed (nonrotating) position and an instrumented aircraft flying at constant 
altitude was guided along the selected radial using the extended area instru­
mentation radar (EAIR) tracking radar. The 100° radial was chosen for this 
series of tests, since it presented a flat terrain with good reflection 
characteristics and available airspace. 

Both the directional and omnidirectional signal level received in the aircraft 
was correlated in time with the aircraft's position (elevation angle or range 
from the ESA) determined by the EAIR. Data were recorded for the ATCRBS in­
service antennas along the 100° radial at 1,500 feet as shown in figure 7. 
These data agreed with the data previously recorded for the directional antenna 
prior to the installation of the ESA (see figure 21 in reference 1). The PI 
(directional) and P2 (omnidirectional) pulse amplitude data from flights con­
ducted at 1,500 and 10,000 feet altitude on the 100° radial for the in-service 
antennas and the ESA (0°, 2°, and 4° beam hopover condition) were reduced and 
plotted against the elevation angle of the aircraft from the TR/BTF. The 
results are shown in appendix A, figures A-I through A-S. The 0° to 5° 
elevation angle vertical lobing structure was obtained from the 1,500-foot 
altitude flights and the 5° to 55° elevation angle plots extracted from the 
10,000-foot altitude flights. Also indicated on the graphs for the higher 
elevation angles is the position of the aircraft at which it deviated from 
the prescribed flightpath by 1° to 2°. 

In addition, an adjustable tower was set at I-foot increments from 30 to 
75 feet above ground level at the field test site (55° radial) and the PI 
and P2 antenna pattern recorded using the oscilloscope photograph technique. 
The low-elevation-angle vertical lobing pattern for the ESA (zero degree beam 
hopover) was determined by independently extracting the relative change in peak 
signal amplitude of the PI (directional) and P2 (omnidirectional) pulses from 
photographs of the antenna beam patterns. The results depicting a constant 
range (ground-based) vertical lobing pattern for the ESA are shown in figure 8, 

)
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DATE: 2./2.1/75 
TEST SITE: AIRCRAFT AT 1,500 FT ALTITUDE, OTO 2.6 nmi 

ON 100° RADIAL (INBOUND) 
TEST CONDITIONS:	 MODE 3/ A INTERROGATION 

TRANSMITTED PEAK POWER - 300 W 
SLS - ON 
FIXED ANTENNA POSITION 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
PRINT OUT 

CALIBRATION: 
VERTICAL - 10.0 dB PER MAJOR DIVISION 
HORIZONTAL - 4.0 nmi PER MAJOR DIVISION 

-2.0"------------------------------------, 

-30 

.1 //)"1 

~ -E -40 
o:l 

" 
:r: 
b 
o 
Z 
(.t1 -50 
p:; 
b 
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-70
 

P2.
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75-42-7 

FIGURE 7. VERTICAL LOBING PATTERN FOR FA-8043 AND FA-8044 ATCRBS ANTENNAS 
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DATE: 7/29/74 
TEST SITE: FIELD TEST SITE (55 0 RADIAL) 
TEST CONDITIONS: MODE 3/ A INTERROGATION 

ISLS - ON 
TRANSMITTED PEAK POWER - 600 W 
0 0 BEAM HOPOVER 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
AND WAVEFORM MEASUREMENTS 
(PHOTOGRAPHS) 

CALIB RA TION : 
VERTICAL - 5.0 FEET PER MAJOR DIVISION 
HORIZONTAL - 1. 0 dB PER MAJOR DIVISION 

NOTE:
 
ABSOLUTE P 2 OMNI LEVEL APPROXIMATELY
 

25 
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RELATIVE DIFFERENCE IN SIGNAL LEVEL (dB) 
75-42-12 

FIGURE 8. GROUND-BASED VERTICAL LOBING 
(ZERO DEGREE BEAM HOPOVER) 

PATTERN FOR ESA 
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which indicates the relative change in signal level per foot above ground level 
for the directional and omnidirectional signals. The omnidirectional Pz signal 
was plotted on the same relative scale to show the correspondence of its vertical 
lobing structure to that of the directional signal (Pl). 

The results of the vertical lobing measurements confirmed that the vertical 
lobing characteristics of the ATCRBS in-service antennas were not affected 
by the installation of the ESA. The vertical lobing patterns for the ESA 
0°, 2°, and 4° beam hopover condition (over flat terrain) demonstrated the 
reduction in low-elevation angle signal level (depth of first null) and also 
the falloff of signal level at high elevation angles (>30°). In addition, 
the vertical lobing pattern of the onmidirectional signal (PZ) from the ESA 
matched the direct~onal signal (P l ), zero degree beam hopover, vertical lobing 
pattern over flat terrain. 

REFLECTIONS. The NAFEC hangar was selected as the reflecting surface to be 
examined during the field environment tests. A flightpath (12-nmi range and 
1,000 feet altitude) was established within the area of the reflected signal 
path from the western face of the building. A tangential flightpath permitted 
recording a sample of the reflected signal using the high-speed film technique 
combined with photographing of the TR/BTF's PPI display of both the direct and 
reflected transponder replies. In addition, the FR-950 video tape recorder was 
used to provide a permanent record of the received replies during the test. 

The photographs of the PP1 display (time exposures) were examined and correlated 
with the playback of the video information from the FR-950 video recorder to 
determine the reflection pattern. The results are shown in appendix B, 
figures B-1 through B-8,for the SLS and ISL8 operation of the ATCRB8 in-service 
antennas and the ESA with 0°, 2°, and 4° beam hopover applied to the azimuth 
span of the aircraft hangar, building 301, and the photo theodolite site (P-13). 
The copies of the PPI photographs depict the cumulative effect (time exposure) 
of the reflections from the aircraft hangar building to the aircraft proceeding 
along the flightpath. 

In addition, the FR-950 video recording was replayed later, and the PPI display 
photographed scan-by-scan to examine the source of individual reflections. 
After viewing the returns on the PPI photographs, the aircraft's position 
(designated with letter) at which reflections were produced was noted along 
with comments regarding the presence of other extraneous replies. I 

Radial flights were conducted on April 15, 1975 (l,500-foot altitude), and 
April 10, 1975 (l,OOO-foot altitude), using SLS and ISLS operation, respec­
tively, for both the in-service ATCRB antenna and the ESA. A flightpath was 
selected on the 295° radial from the EAIR tracking radar to place the aircraft 
along the reflected signal path from the hangar building. The results of the 
flights are shown in appendix C, figures C-l through C-8. In addition, the 
transmitted direct and reflected signals were recorded on high-speed film in 
the aircraft. These data were correlated with the EAIR tracking radar, and the 
peak direct and reflected signal level plotted versus the aircraft range to 
the ESA. The results are shown in figures 9 through 12. A sample of the 
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DATE: 'l/15/75 
TEST SITE;: AIRCRAFT AT AN ALTITUDE OF 1,000 FT, 295 0 

RADIAL Jo ROM THE EAIR 
TE:; r CONDITIONS: MODE ,,/A INTERJ<OCATION 

TRANSMITTED PEAK POWER - 300'11' 
- ON 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
R~CORDED ON HIGH SPJ:.ED FILM 

CALIBRATIOl\. : 
VER1'!CAL - 5. a dB PER MAJOR DIVISION 
HORt ZQI\TAL - 2. a nmi PER MAJOR DIVISION 
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FIGURE 9. REFLECTED SIGNAL CHARACfERISTICS FROM NAFEC HANGAR 
FOR FA-8043 AND FA-8044 ATCRBS ANTENNAS 
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D,'... TE: 4/15/75 
nST SITE: AIRCRAFT AT AN ALTITUDE OF 1,000 FT, 295 0 

RADIAL FROM THE EAlR 
TEST CONDITIONS:	 MODE 3/A INTERROGATION 

TRANSMITTED PEAK POWER - &00 W 
SLS-ON, O' BEAM HOPOVER FOR NAFEC HANGAR 

DATA COLLECTION METHOD': TRANSMITTED PULSE AMPLITIDE 
RECORDED ON HIGH SPEED FILM 

CALIBRATION: 
VERTICAL - 5,0 dB PER MAJOR DIVISION 
HORIZONTAL - 2.0 runi PER MAJOR DIVISION 
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FIGURE 10. REFLECTED SIGNAL CHARACTERISTICS FROM NAFEC 
HANGAR FOR THE ESA (ZERO-DEGREE BEAM HOPOVER) 
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DATE: 4/15/75 
TEST SITE: AIRCRAFT AT AN ALTITUDE OF 1,000 FT, 295· 

RADIAL FROM THE EAIR 
TEST CONDITIONS:	 MODE 3/A INTERROGATION 

TRANSMITTED PEAK POWER - 600 W 
Sl.S - ON 
2· BEAM HOPOVER FOR NAFEC HANGAR 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
RECORDED ON HIGH SPEED FILM 

CALIBRATION: 
VERTICAL - 5.0 dB PER MAJOR DIVISION 
HORIZONTAL - 2.0 run; PER MAJOR DIVISION 
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FIGURE 11. REFLECTED SIGNAL CHARACTERISTICS FROM NAFEC 
HANGAR FOR THE ESA (2° BEAM HOPOVER) 
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DATE: 4/15/75 
TEST SITE: AIRCRAFT AT AN ALTITUDE OF 1,000 FT, 295' 

RADIAL FROM THE EAIR 
TEST CONDITIONS:	 MODE 3/A INTERROGAT:ON 

TRANSMITTED PEAK POWER - 600 W 
SLS - ON 
4' BEAM HOPOVER FOR NAFEC HANGAR 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
RECORDED ON HIGH SPEED FILM 
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FIGURE 12. REFLECTED SIGNAL CHARACTERISTICS FROM NAFEC 
HANGAR FOR THE ESA (4° BEAM HOPOVER) 
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high-speed film for the ATCRBS in-service antenna and the ESA 0°. 2°. and 4° 
beam hopover operation is shown in figure 13. The direct beam and the 
reflected antenna pattern from the hangar building are shown on the film. 

Several results were noted in the figures. The reflected signal from the 
NAFEC hangar for the ATCRBS antenna (shown in figure 9) is higher in ampli­
tude than the direct interrogation path. In addition, the reflected signal 
vertical lobing pattern differs from the direct path vertical lobing pattern 
in that the nulls do not correspond in location or depth. The ESA data. 
presented in figures 10, 11, and 12 for 0°. 2°, and 4° beam hopover applied 
to the aircraft hangar, show a progressive reduction in signal strength for 
the reflection from the hangar. The difference noted for the ATCRBS antenna 
is also apparent between the vertical lobing patterns of the ESA direct and 
reflected signals. 

In the case of the ESA. two observations can be made which relate the results 
with other test data obtained during the field environment tests. The 
observations deal with the vertical lobing pattern of both the direct and 
reflected signals. 

First. the predominant depth of the null (~20 dB) in the direct signal vertical 
lobing structure can be traced to the anomaly in the signal characteristic 
experienced at the ASDE-2 platform site (covered in the Antenna Pattern 
Anomalies section of this report). The radial (295°) of the reflected signal 
from the NAFEC hangar was unintentionally coincident with the azimuth at 
which the ground multipath affected the direct interrogation path towards the 
ASDE-2 platform site. 

The second observation deals with the reflected signal vertical lobing pattern 
in that it is similar to the patterns recorded for the ESA 0°. 2°, and 4° beam 
hopover recorded over flat terrain. The difference between the two vertical 
lobing patterns (direct and reflected) can be attributed to the characteris­
tics of the ground topology along the radial to the aircraft and to the NAFEC 
hangar. 

The figures in appendix Band C depict both the S1S and IS1S system operation 
for tangential and radial flights for the reflection radial of the NAFEC hangar. 
The tangential flights are shown in appendix B and the radial flights are 
shown in appendix C. 

The tangential flight for the ATCRBS antennas employing S1S operation is 
shown in figure B-1. The main portion of the reflections noted for the flight 
extend from letter F to W on the illustration (for about an arc of 28° of the 
flightpath). Figures B-2, B-3. and B-4, for the ESA (S1i operation). demon­
strate the effect of beam hopover on the reflections from the NAFEC hangar. 
(The extent of the arc for the flightpath was about 10°.) The corners of 
the aircraft hangar building were outlined in figure B-4 for points I and J 
and P and G on the aircraft flightpath. 
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ISLS operation for the ATCRBS and ESA antennas was employed for the remaining 
tangential flightpaths (figures B-5 through B-8). The reflections were 
eliminated in the case of the ATCRBS and progressively reduced for the ESA 
0°, 2°, and 4° beam hopover condition. 

Radial flightpaths were flown for both SLS and ISL5 operation (1,500-foot 
altitude in the 5L5 case, l,OOO-foot altitude for ISLS). The reflections 
from the NAFEC hangar were photographed for 5L5 operation for both the ATCRB5 
antennas and E5A (figures C-l and C-2). The effect of beam hopover (2° and 4°) 
is shown in figures C-3 and C-4. The flightpaths were repeated for I5L5 
operation and the reflections noted for the ATCRBS and ESA (0°, 2°, and 4°). 
Figures C-5 and C-6 demonstrates that the I5L5 is range limited in the 
elimination of the reflections. The application of 2° and 4° beam hopover 
condition for the NAFEC hangar (figures C-7 and C-8) progressively reduced 
the range of the reflection to the effective range of the I5LS for E5A. 

The results of the reflection tests indicate that the vertical lobing pattern 
along the radial of the reflecting surface is preserved for the reflected 
signal. ISL5 system operation was effective for both the ATCRB5 antenna and 
ESA in the elimination of reflections from the NAFEC hangar, but was limited 
in range. The E5A beam hopover feature decreased the range of the reflected 
signal to the effective range of the I5LS system operation (this was not 
possible with the ATCRBS in-service antennas). 

DIFFRACTION. Measurements of the antenna characteristics using fixed-beam 
positions (static beam) were performed to demonstrate diffraction effects 
encountered in the field environment. Three radials were selected from the 
TR/BTF to examine the static beam under the following conditions: 

1. Unobstructed view of antenna (100° radial). 
2. Vertical plane obstructed (132° radial, side of aircraft hangar (bldg. 301)). 
3. Horizontal plane obstructed (139° radial, top of aircraft hangar (bldg. 301)). 

The aircraft was equipped with the pulse amplitude printout instrumentation 
and flown tangential to the static beam position at a range of approximately 
12 nmi. The EAIR was employed to track the aircraft and provide guidance along 
the prescribed flightpath. The results of the test are shown in appendix D, 
figures D-l through D-20, comparing the in-service ATCRB5 antennas with the ESA 
for each of the conditions noted above. Comparisons were made at two different 
altitudes to illustrate the localized effects of obstacles on diffraction of the 
directional and omnidirectional antenna patterns. The E5A data includes the 
effects of beam hopover on the static beam antenna pattern for each of the beam 
positions. The data in appendix D is arranged in sequence to permit examination 
of the effect of a vertical and horizontal obstruction on a static antenna 
pattern. In summary, the vertical plane obstruction distorts the ATCRBS and 
ESA antenna patterns for both the directional and omnidirectional beams. In 
the case of the ATCRBS antenna, high side lobes are produced and the main beam 
distorted; the ESA patterns for 0°, 2°, and 4° beam hopover are likewise 
distorted compared to the unobstructed patterns. At a higher elevation angle 
above the obstruction, the distortion did not appear on the patterns. The 
horizontal plane obstruction has no distortion effects on the beam pattern, but 
did produce a lower signal level for this test (-4 dB for the ESA zero degree 
beam hopover condition). 
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BEAM HOPOVER. The beam hopover function of the ESA was tested during the 
1030-MHz and 1090-MHz vertical pattern specification measurements (reference 2) 
and the vertical lobing, ref1ection,and diffraction tests described in this 
report. 

In summary, the beam hopover function produced the desired reduction in signal 
strength at low-elevation angles. This reduced signal strength was approxi­
mately 8 dB at low-elevation angles for the 4° beam hopover vertical lobing 
pattern over flat terrain. The vertical lobing patterns are shown in appendix A, 
figures A-3 to A-8,for 0°, 2°, and 4° beam hopover. 

The effect of the beam hopover function on the reflections from the NAFEC hangar 
have been described in this report. It was demonstrated that the reflections 
are reduced in range by the application of a 2° and 4° beam hopover condition 
at the hangar radials. The results of the test may be extended to any 
reflecting surface above ground level by analysis of the reflection character­
istics,the position and aspect of the reflecting surface with respect to the 
ESA,ana the beam hopover condition applied at the azimuth of the reflecting 
surface. In addition, consideration should be given to the application of 
beam hopover to the omnidirectional beam (P2) and the application of ILS to 
reduce reflections. 

The effects of both vertical and horizontal obstructions on the beam patterns 
for 0°, 2°, and 4° beam hopover are shown in appendix D. The application of 
beam hopover (2° and 4°) to the vertical plane obstruction reduced the peak 
amplitude (4 and 7 dB, respectively) but did not improve the distortion of 
the main beam patterns (figures D-6, D-7, and D-8). The application of the 
2° and 4° beam hopover to the horizontal plane obstruction reduced the signal 
level beyond the obstruction by 3 and 7 dB, respectively, without distorting 
the beam pattern. 

ANTENNA PATTERN ANOMALIES. During the test and evaluation of the ATCRBS ESA, 
some antenna pattern anomalies which can be attributed to a mu1tipath environ­
ment were noted during the specification tests (reference 2). The pattern 
anomalies noted at the airport surface detection equipment (ASDE-2) platform 
site involved a fluctuation in the omnidirectional (P2) signal level and a 
pronounced side lobe on the directional (P1) pattern. 

The fluctuation in the omnidirectional P2 pulse is shown in figure 14. The 
photographs were taken at the ASDE-2 platform site on May 16, 1974. The ESA 
was place in a fixed position (228°, not the ASDE-2 radial) and the oscillo­
scope adjusted to display the transmitted P1 and P2 pulse. The fluctuation P2 
signal level was traced to the reflection of the omnidirectional pattern. The 
reflections were isolated by substituting a standard gain horn for the ESA, 
pointing it towards the ASDE-2, and photographing the P1 and P2 transmitted 
pulses. The result is shown in figure 15. In addition to the mu1tipath noted 
above, the trailing edge of the omnidirectional (P2) pulse was observed from 
the reflection of the directional P1 pulse off of the aircraft hangar Bldg. 301. 
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DATE: 5/16/74 
TEST SITE :. ASDE - 2 PLATFORM SITE 
TEST CONDITIONS: MODE 3/ A INTERROGATION 

SLS - ON 
TRANSMITTED PEAK POWER - 300 W 
FIXED ANTENNA POSITION, 0° BEAM HOPOVER 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
AND WAVEFORM MEASUREMENTS 
(PHOT OG RAPHS) 

CALIBRATION: 
VERTICAL - 9.0 dB PER MAJOR DIVISION 
HORIZONTAL - 0.5 1.1.8 PER MAJOR DIVISION 

N 
~ 

75--42-18 

FIGURE 14.	 FLUCTUATION OF ESA OMNIDIRECTIONAL (P2) PULSE AT ASDE-2 
PLATFORM SITE 



DATE: 5/16/74
 
TEST SITE: ASDE - Z PLATFORM SITE
 
TEST CONDITIONS: Pl. Pz & P3 PULSES TRANSMITTED
 

TRANSMITTED PEAK POWER - 300 W 
STANDARD GAIN HORN POINTED AT 
TREE LINE 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
AND WAVEFORM MEASUREMENTS 
(PHOT OG RAPHS) 

CALIBRATION:
 
VERTICAL - 9.0 dB PER MAJOR DIVISION
 
HORIZONTAL - 0.5 fJ-S PER MAJOR DIVISION
 

75-42-19 

FIGURE 15. FLUCTUATION OF STANDARD GAIN HORN PATTERN AT ASDE-2 PLATFORM SITE 
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A photograph of the directional (P l ) pulse, the omnidirectional (P2) pulse. 
the reflected omnidirectional pulse from the hangar (bldg. 301), and the 
directional P3 pulse is shown in figure 16. The Pl and P3 pulses are varying 
in amplitude since the ESA was rotating through a full 360 0 scan. The inter­
ference of the reflected Pl pulse from the hangar (bldg. 301) is noted on the 
photograph which was exposed over a 5.0 second interval. In addition, another 
photograph (figure 17) shows the directional Pl and omnidirectional P2 pulse 
as the main beam passed through the azimuths of the hangar. Figure 17 shows 
the effects on the trailing edge of the P2 signal. Details of the reflected 
signal characteristics can be found under the reflection study in this report. 

Another effect of multipath was noted on the directional Pl antenna pattern 
at the ASDE-2 platform site. A high side lobe, shown in figure 18, appeared on 
the SLS pattern. This condition was investigated by the contractor and led 
to an analysis of the radiofrequency (RF) transmission path between the ESA 
and the ASDE-2 site. The study provided data which demonstrated that the 
reflected signal from the ground in front of the ESA was the major contributor 
to the distortion of the received signal at the ASDE-2 platform. In support 
of this analysis, a vertical lobing pattern was recorded at the site. The 
result is shown in figure 19. 

Additional effort was directed towards isolating multipath as the direct cause 
of the high side lobe on the antenna pattern. A large (20X50 feet) metal 
screen was placed approximately 650 feet from the ESA to block the radiation 
into the ground (reflecting surface). The three conditions tested included 
no screening, partial screening, and full screening along the radial of the 
ASDE-2 platform site. The results are shown in figure 20 demonstrating the 
multipath effect on the SLS antenna pattern at the ASDE-2 platform site. The 
side lobe level decreased substantially as the screen blocked the ground 
interference signal. In addition, the omnidirectional signal level increased 
and stabalized when the screen was placed in front of the ESA. 
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DATE: 5/ 21/74 
TEST SITE: ASDE - 2 PLATFORM SITE 
TEST CONDITIONS:	 MODE 3/ A INTERROGATION 

SLS - ON 
TRANSMITTED PEAK POWER - 300 W 
0° BEAM HOPOVER 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
AND WAVEFORM MEASUREMENTS 
(PHOTOGRAPHS) 

CALIBRATION : 
VER TICAL - 9. 0 dB PER MAJOR DIVISION 
HORIZONTAL - 1.0 f.l.s PER MAJOR DIVISION 

75-42-20 

FIGURE 16.	 DIRECTIONAL (PI) AND ONHIDIRECTIONAL (P2 ) PULSES AND 
REFLECTIONS FROM NAFEC HANGAR 
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DATE: 7/9/74
 
TEST SITE: ASDE - Z PLATFORM SITE
 
TEST CONDITIONS: MODE 3/ A INTERROGATION
 

ISLS - ON 
TRANSMITTED PEAK POWER - 600 W 
0 0 BEAM HOPOVER 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
AND WAVEFORM MEASUREMENTS 
(PHOTOGRAPHS) 

CALIBRATION:
 
VER TICAL - 9. 0 dB PER MAJOR DIVISION
 
HORIZONT AL - O. 5 f.1S PER MAJOR DIVISION
 

75-42-21 

FIGURE 17.	 FLUCTUATION OF ESA O~rnIDIRECTIONAL (P2) PULSE TRAILING EDGE 
AT ASDE-2 PLATFORM SITE 
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DATE: 10/2/74 
TEST SITE: ASDE - 2 PLATFORM 
TEST CONDITIONS: MODE 3/A INTERROGATION 

SLS - ON 
TRANSMITTED PEAK POW ER - 300 W 
0 0 BEAM HOPOVER 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
AND WAVEFORM MEASUREMENTS 
(PHOTOGRAPHS) 

CALIBRATIO 
VERTICAL- 5.0 dB PER MAJOR DIVISION 
HORIZONTAL- 3.84 DEGREES PER MAJOR DIVISIO 

75-42-22 

FIGURE 18. ESA SLS ANTENNA PATTERN AT ASDE-2 PLATFOID1 SITE 
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DATE: 6/6/76 & 6/13/75 
EST SITE: ASDE - 2 SIT 

TEST CONDITIONS:	 MODE 3/A If\'TERROGATION 
SLS - ON 
TRANSMITTED POWER OUTPUT - 600 w 
O· Bl:.AM HOPOVER 

DATA COLLECTIOI' METHOD: TRAl\:SMITTED PULSr. AMPLITUDE 
PHOTOGRAPHED 

CALIBRATIOl' : 
iERTICAL - 10.0 FT PER MAJOR DIVISIO 

HORIZOt\TAL - 2.0 d 
100 I :;;»'	 I 
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FIGURE 19. GROUND-BASED VERTICAL LOBING PATTERN AT ASDE-2 SITE 
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DATE: 10/2/75 
TEST SITE: ASDE - 2 PLATFORM SITE 
TEST CONDITIONS:	 MODE 3/A INTERROGATIO£ 

SLS - or 
TRANSMITTED PEAK POWER - 300 W 
O· BEAM HOPOVER 

DATA COLLECTION /\1£THOD: TRANSMITTED PULSE AY.PLITUDE 
Al\D WAV EFORM MEASUREMENTS 
(PHOTOGRAPHS) 

CALIBRATION: 
VERTICAL - 5.0 dB PER MAJOR DIVISION 
HORI7.0NLAL - 3. 80l DEGREES PER MAJOR DIVISION 

a. NO SCREEN	 b. PARTIAL SGREEN 

c. FULL SCREEN	 75-42-24 

FIGURE 20.	 MULTIPATH EFFECT ON THE ESA SLS ANTENNA PATTERN AT ASDE-2 
PLATFORM SITE 
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Sill1MARY OF RESULTS 

The results obtained during the field environment tests for the ASR-7, the ATCRBS 
in-service antennas, and the ATCRBS ESA are summarized as follows: 

1. The ASR-7 and ATCBI-4 flight test data indicated coverage characteristics 
similar to those obtained before the installation of the ESA. In addition, 
the ATCRBS in-service antenna vertical lobing pattern measured during the field 
environment tests was typical of the ground interference pattern noted for the 
antenna before the ESA installation. 

2. The vertical lobing patterns of both the ATCRBS in-service antennas and 
the ATCRBS ESA were compared over a flat terrain. The ESA substantially 
reduced the depth of the first null of the vertical pattern and effectively 
limited the ground interference signal to the first 2° of elevation angle at 
the TR/BTF. However, the ground reflection path on the 295° of the TR/BTF 
created a vertical lobing condition for the ESA which was comparable 
(20-dB null in vertical pattern) to the ATCRBS in-service antenna. 

3. The ATCRBS ESA beam hopover function (4°) decreased the range of the 
reflected signal from the aircraft hangar building to the effective range 
of the ISLS system operation. In addition, the vertical lobing pattern 
along the reflecting surface radial was preserved along the reflection 
path. 

4. The ESA directional (zero degree beam hopover) and omnidirectional vertical 
lobing patterns were matched over flat terrain. 

5. Field environment conditions at the TR/BTF presented diffraction effects 
for the ATCRBS in-service and ESA antennas from both vertical and horizontal 
obstructions. Main beam and omnidirectional beam distortion was noted for the 
vertical obstruction. The horizontal obstruction (NAFEC hangar) reduced the 
signal level of the omnidirectional and the directional beam beyond the hangar. 
In addition, the application of beam hopover to the NAFEC hangar resulted in a 
reduction in signal strength beyond the horizontal obstruction. 
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CONCLUSIONS 

Based on the results obtained during the field environment test at the 
terminal radar/beacon test facility (TR/BTF), it is concluded that: 

1. The physical installation of the air traffic control radar beacon system 
(ATCRBS) electronic scan antenna (ESA) did not degrade the operational 
capability of either the airport surveillance radar (ASR-7) or the ATCRBS 
in-service antennas. 

2. The ATCRBS ESA demonstrated an improvement in the vertical lobing pattern 
over flat terrain compared to the ATCRBS in-service antennas. The depth of 
the first null was substantially reduced and the matching of the directional 
and omnidirectional antenna vertical patterns achieved by employing the same 
radiating network for both beams. However. the field environment conditions 
(ground multipath) at the TR/BTF produced a null of 20 dB in the vertical 
lobing pattern for the ESA (on the 295 0 radial). 

3. Reflections from the aircraft hangar building were effectively eliminated 
by a combination of 4 0 beam hopover and improved side lobe suppression (ISLS) 
system operation. 

4. Diffraction effects from a vertical obstruction produced distortion of 
the directional and omnidirectional antenna beams for both the ESA and ATCRBS 
in-service antennas. The diffraction effects were localized by the position 
(range) and elevation angle of both the vertical and horizontal obstruction. 
In addition. the application of beam hopover to the NAFEC hangar resulted in 
a reduction in signal strength beyond the horizontal obstruction. 

5. The field environment test compared the ESA with the ATCRBS in-service 
antenna at the TR/BTF. During the tests. the differerice in height above 
ground of the antenna. RF losses in both distribution systems. and the 
difference in gain of the two antenna systems were considered in the com­
parison of the results from the ESA and the ATCRBS in-service antennas. 
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TRANSMITTED PEAK POWER - 600 W 
STe CURVE AT -36 dB 
2' BEAM HOPOVER AT NAFEC HANGAR 

DATA COLLECTION METHOD: PPI PHOTOGRAPHS (TIME EXPOSURE) 

7F42-F-3 

FIGURE C-3.	 REFLECTIONS FROM NAFEC HANGAR FOR ESA (SLS, 2° BEAM 
HOPOVER, RADIAL FLIGHT) 

C-3 



DATE: 4/15/75 
TEST SITE: AIRCRAFT AT 1,500 FT ALTITUDE, 295 0 RADIAL 

FROM EAIR FACILITY, 0 TO 25nmi (INBOUND) 
TEST CONDITIONS;	 MODE 31 A INTERROGA TIO 

Sl..S- ON 
TRANSMITTED PEAK POWER - 600 W 
STC CURVE AT - 36 dB 
4° BEAM HOPOVER AT NAFEC HANGAR 

DATA COLLECTION METHOD: PPI PHOTOGRAPHS (TIME EXPOSUREl 

FIGURE C-4.	 REFLECTIONS FROM NAFEC HANGAR FOR ESA (SLS, 4° BEAM 
HOPOVER, RADIAL FLIGHT) 

C-4 



DATE: 4/10/75 
TEST SITE: AlRCRAFT AT 1,000 FT, 295 0 RADIAL FROM EAIR 

FACILITY, a TO 30 runi (OUTBOUND) 
TEST CONDITIONS:	 MODE 3/A INTERROGATION 

ISLS - ON 
TRANSMlTTED PEAK POWER - 300 W 
STC CURVE AT - 36 dB 

DATA COLLECTION METHOD: PPI PHOTOGRAPHS (TIME EXPOSURE) 

FIGURE C-S.	 REFLECTIONS FROM NAFEC HANGAR FOR ATCRBS ANTENNAS 
(ISLS. RADIAL FLIGHT) 

C-5 



DATE: 4/10/75 
TEST SITE: AIRCRAFT AT 1,000 FT, 295 0 RADIAL FROM EAIR 

FACILITY, 0 TO 30 nmi (INBOUND) 
TEST CONDITIONS:	 MODE 3/ A INTERROGAT10N 

ISLS - 0 
TRANSMITTED PEAK POWER - 600 W 
STC CURVE AT - 36 dB 
o 0 BEAM HOPOVER AT NAFEC HANGAR 

DATA COLLECTION METHOD: PPI PHOTOGRAPHS <TIME EXPOSUR 

75-42-F-6 

FIGURE C-6.	 REFLECTIONS FROM NAFEC HANGAR FOR E8A (18L8, ZERO DEGREE 
BEAM HOPOVER, RADIAL FLIGHT) 
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ATE: 4/10/75 
TEST SITE: AIRCRAFT AT 1, 000 FT, 295 0 RADIAL FROM EAIR 

FACILlTY. a TO 25 runi (OUTBOUND) 
TEST CONDITIONS:	 MODE 3/ A INTERROGA nON 

ISLS - ON 
TRANSMlTTED PEAK POW ER - 600 W 
STC CURVE AT - 36 dB 
2 0 BEAM HOPOVER AT NAFEC HANGAR 

DATA COLLECTION METHOD: PPI PHOTOGRAPHS (TIME EXPOSUE) 

75-42-F-7 

FIGURE C-70	 REFLECTIONS FROM NAFEC HANGAR FOR ESA (ISLS. 2° BEAM 
HOPOVER, RADIAL FLIGHT) 
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DATE: 4/10/75 
TEST SITE: AIRCRAFT AT 1,000 FT, 295· RADIAL FROM EAIR 

FACILTY. 0 TO 25 nmi (OUTBOUND) 
TEST CONDITIONS;	 MODE 3/ A I NTERROGA TION. ISl.S • 0'" 

TRANSMITTED PEAK POWER - 600 W 
STC CURVE AT - 36 dB 
4° BEA..\.1 HOPOVER AT NAFEC HANGAR 

DATA COLLECTION METHOD: PPI PHOTOGRAPHS (TIME EXPOSURE) 

75-42-F-8 

FIGURE C-8.	 REFLECTIONS FROM NAFEC HANGAR FOR ESA (ISLS, 4° BEMI 
HOPOVER, RADIAL FLIGHT) 

C-8 
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DATE: 3/7/75 
TEST SITE: AIRCRAFT 11'13,,) AT AN ELEVATION ANGLJ:. OF 2.8", 

-12 nmi TANGENTIAL FLIGHT PATH TO 100' RADIAL 
TES1 COl\DI f10l\S:	 MODE 3/ A INTER ROGATION 

TRANSMITTED PEAK POWER - 300 W 
FIXED Ai'TJ:;{\!NA POSITION 

DATA COLLECTION METHOD: TRANSl\IITTED PULSE AMPLITUDE 
PRINT OUT 

CALIBRATION: 
VERTICAL - 5.0 dB PER MA.IOR DIVISION 
\-lORI70I\:TAL- -I. 4 DEGREES PER MAJOR DIVISION 

- 40 r'----------------------------------------------------, 

~ P J >P2 

WJII PI 

2 
...l 

:... 
;>­.., 
....l 
« 
..:: 

J: 

75-42-0- J 

-45 

-50 

-55 

< P 2 

FIGURE D-l. ATCRBS ANTENNA STATIC BEAM PATTERN (NO OBSTRUCTIONS) 
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DATI:.: 1/,/,5 
TEST SITE: AIRCRAFT (l\3n) AT AN J:.:LEVATlON ANGLI:. 0F l.. 8°, 

-I" 11m, TAi\G".:NTlAL FLIGHT PATH TO 100' RADIAL 
TEST CONDITIO!\S:	 ~IODL 3/A INTLRR00ATION 

TR,\NSMITT£D PJ:.:AK POWER - 600 W 
FlXLD ANTI::NNA POSITION 
0° l.lEAM HOPOVER 

DATA COLLECTION ~IETHOD: TRANSMITTED PULSE AMPLITUDE 
PRINT OUT 

CALIBRATION: 
VERTICAL - 5.0 dB PER '.1A.TOR DIVISION 
HORIZONTAL - -1. 3 Dl::CREJ:.:S PER MAJOR DIVISION 

-40 I	 ­

~ Pj>Pl. 

[70] PI < p" 
-45 

REFJ::R£NC£ LEV £L FOR VIC\.IRF:S 0-3 ;:., 0-4-5U ---- -- --- -- -- ----~ 

to 
~ 

-.5--l 
W 
> 
u.1 
--l 

--l 
<l; 
Z -6 
U 
If) 

,.,r '"\\t,,,-..·'>'I~ V	 ......,....:./ 
'" . 

'''"'' ...... '\­')-"" 'OJ \ tv	 ,J""
,

.•I / '''''vi 1-1. }0--1	 
I 

_75 P I I I I I \ 1 : V I 
75-42-0-2 

FIGURE D-2.	 ESA STATIC BEAM PATTERN FOR ZERO DEGREE BEAM HOPOVER 
(NO OBSTRUCTION) 
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DATE 3/7/75 
TEST SITE AIRCRAFT 110,7) /IT AN AN 

DATE: 3/7/75 
T<'ST SITE: AIRCRAFT (N377) AT 1'.1\ ELEVATION ANGLE OF 3.0' , 

-12 nmi TANGENTIAL FLIGHT PATH TO 100' RADIAL 
TEST CONDITIONS: MODE 3/1'. INTEI~ROGATIO" 

TRANSMITTED PEAK POWER - 600 W 
IX ED ANTENNA POSITION 

2' BEAM HOPOVER 
DATA COLLECTION l\·IETHOD : TRAl\SMITTED PULSE AMPLITUDE 

PRINT OUT 
CALIBRATlOl\ : 

VERTICAL - 5.0 dB PER MAJOR DIVISION 
HORIZONTAL - -I. 4 DECREES PER MAJOR DIVISION 

-40 ,,------------------------------------------------------, 

~ PI >P2 

li:j PI < P 2 
-45 

PI 

.75-42-D-3 

f- 1
• 4 '--1 

-65 

-Sllt ­

l -2 dB 

< 
z. -60 
I.) 

(f) 

oJ 
-0 

....1 -55 

"" ;;­
;..:J 

FIGURE D-3, ESA STATIC BEAM PATTERN FOR 2° Beam Hopover (NO OBSTRUCTION) 
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DATE 3/7175 
TEST SITE: AIRCRAFT (!'.377) AT AN ELJo:VATION A1'.CLE OF 3.0', 

-IZ nmi TANGE!'<TIAL FLiCHT PATH TO 100' RADIAL 
TEST CONDITIONS:	 MODE 3/A INTFRHOGATION 

TRANSMITTED PEAK ]-lOWER - 600 W 
FIX }_D ANT ENNA POSITION 
4' BEAM HOPOVER 

DATA COLLECTION METHOD:	 TRANSMITTED PULSE AMPLITUDI-: 
PRINT OUT 

CALIBRATION: 
VERTICAL 5.0 dB PER MAJUR DivISION 
HORI Z.ONTAL - -I. 3 DJ::GRJ:.ES l-'J:.R MAJOR DIVISION 

;c 
~ 

.J 
L>J 
> 
L>J 
....l 
....l 
< 
L.o 
(f) 

-40 ir----------------------------------------------------------, 

~ PI> P z 

1::,1 Pj < Pz 
-·45 

f- 1.3'-1 

- 50 

- 55 

-00 

I ~~~~~~~~~~~~ ,PI 

75-42-D-4 

FIGURE D-4. ESA STATIC BEAM PATTERN FOR 4° BEAM HOPOVER 
(NO OBSTRUCTION) 
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~ PI:> Pz 

~L---I PI < Pz 

Pz 

~Y"\l\{ 
i ~ \) \ 

"­,,-,,; , 
-1 

DATE: 3/11/75 
.~ L,:5T SITE. : AIRCRAFT (N377) AT Al\ ELEVATION ANGLE OF 3.1·, 

-IZ om; TAKGEl\TIAL FLIGHT PATH TO 13Z- RADIAL 
'j ,,:S r CONDITIONS:	 MODE 3/ A INTERROCA nON 

TRANSMITTED PEAK POWER - 300 W 
FIXED Al\TENl\A POSITION 

DATA co; ;} eTION METHOD: TRANSMITTED PULSE AMPLITUDE 
PRINT OUT 

CALlP·RATION: 
VERTICAL - 5.0 dB PER MAJOR DIVISION 
HORIZONTAL--1.4 DEGREES PER MAJOR DIVISION 

-40 ,,-------------------------------------------------------, 

.,4 dB 

-~ 5 

-5D 

2. 
--J -55 

> '" W 
--l 

-l 

Z " o 
(fJ 

I , I •...~.-; 
t If) 
( .'I nIi1--1,4°-1	 I 1 ~ 

I I I I I I I I I I -i I , 
-75	 75-42-0-5 

FIGURE D-S.	 ATCRBS ANTENNA STATIC BEAM PATTERN (VERTICAL 
PLAN OBSTRUCTION) 
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1--1.3'--1 

Ja-60 

DATE: 3/11/75 
TEST SITE: AIRCRAFT (N377) AT AN ELEVATION ANGLE OF Z. r, 

-IZ nml TANGENTIAL FLIGHT PATH TO 13Z' RADIAL 
TEST CONDITIONS	 MODE 3/A INTERROGATION 

TRANSMITTED PEAK POWER - 600 W 
FIXED ANTENNA POSIT10N 
0' BEAM HOPOVER 

DATA COLLECTION METHOD TRANSMITTED PULSE AMPLITUDE 
PRINT OUT 

CALIBRATION' 
VERTICAL - 5.0 dB PER MAJOR DIVISION 
HOR1ZONTAL - - I. 3 DEGREES PER MAJOR DIVISION 

-40 I 
~ PI> P z 

1:(f'l PI < P z

"~ 
. EVELF~___ D-7 & D-8 .FIGURES - - -	 --" ,.J!ffa~H"£"££~__	 ~-50 

~ 01 
"0 

::; - 5 5 

W 
> 

~ 
-l ~ "' I 
-i ':l	 ~~ « 
<:: 
v /Pl
if) 

-75 I I I I I I I I y:,.....-z ! y-::...-----<:=d' ri:-:''-~:: -.? )I 

FIGURE D-6.	 ESA STATIC BEAM PATTERN FOR ZERO DEGREE BEAN 
HOPOVER (VERTICAL PLANE OBSTRUCTION) 

D-6
 



-40 

- 70 

OAT ~ : 3/1 J ,~ 

TC:ST SIT,: : AIRCRAFT (i'.3·,7) AT Ai'. ELEVATIOi' Ai'GLE. OF G. b·, 
~IG nlm TA~(;I:.~TIAI FLIGHT PATH TO 132· RADIAL 

TleST COI\DITIONS:	 ~tODI:. 3/A INTER ROGATIOi'. 
TRAI\SIvlITTED PEAK POWER - &00 II> 

n:\CD ANTEl\t\A POSITIOJ'. 
l' BEAM HOPOVU( 

DAT.-\ COLLI:.CTIQN MJ::THOD : TRANSMITTED PULSE AMPLITUDE 
PRINT OUT 

U\LJI-IRATIOl': . 
VERTICAL - 5.0 dB PER MAJOR DIVISIOl': 
HORIZOl':T.-\L - ~ I. 3 DEGR£F.;5 PER ~\AJOR DIVISION 

oj--------.-----------------------------. 

~ PI> Pz 

lil PI < P G 

I V". L' ". I 
7)-~2-J.)-7 

HOPOVER 

• 4 ~ 

-~(' 

-4 d 

::: 
2. 

:> 
>4 

< 
'f 
tf: 

_751 I' 'I I", .., ~ I I I I ,Xi V 
I- I. 3'----l 

-~5 

FIGURE D-7.	 ESA STATIC BEAM PATTERN FOR 2° BEAM 
(VERTICAL PLANE OBSTRUCTION) 
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-40 r'-------------------------------------------------, 

~ PI> P2 

1/:::1 PI < P2 

-45 

-~0 

I) -7 dB 

-55 

PI 

-65 

f--1. 4 
o -j 

_/5 [ "-·1-'· .." H:V \:-:".-:, I J , I J:;:( t. I l " .11 I I I to" ::.~;.,,': :.y:: 

DATE: 3jll/75 
0TEST SITE: AIRCRAFT (N377) AT AI': ELEVAT10l\ ANGLE OF 2.8 • 

-12 nmi TANGENTIAL FLIGHT PATH TO 13Z' RADIAL 

TEST COI':DITIONS:	 MOD£ 3fA INTERROGATION 
TRANS~lITTED PEAK POWER - 6001'.' 
,IXED ANTENNA POSITION 
4' BEAM HOPOVER 

DATA COLLECTION METHOD: TRANSMITTED PULSE A~IPLITUDE 

PRINT OUT 
Ci,L1BRATlON: 

VERTICAL - 5.0 dB PER MAJOR DIVISION 
HORIZONTAL - -I. 4 DEGREES PEH ~,AlOH DIVlSIOI' 

a:< 
'U 

...J 

> '" 
j 
...J 
< 
~ -60 

Vi 

FIGURE D-8. ESA STATIC BEAM PATTERN FOR 4° BEAM HOPOVER 
(VERTICAL PLANE OBSTRUCTION) 

75-42-D-8 
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DATE: 3/11/75 
TEST SITE: AIRCRAFT (N377) AT AN J::LEVATION Al\;GLE OF 7.4°. 

~12 om; TANGJ,.N11AL FLIGHT PATH TO 112° RADIAL 
TEST CONDITIONS	 MODE 3/A INTERROGATION 

TRANSMITTED PEAK POWER - 300 IV 
FIXED ANTENNA POSITION 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
PRIl':T OUT 

CALIBRATION: 
VE.RTICAL - 5.0 d13 PER MAJOR DIVISION 
HORIZONTAL - -I. 2 DEGRJ::J::S PER MAJOR DIVISIOl': 

-40 i	 I 

~ PI > P l 

CJ PI < P L 
-45 

-~o 

C 
"U 

.J -;;5 

> 
.' ­

..J 

L. -U(I 

-;. 

ll ­
,
I I

I r", ~,
 

-t,l)
 'V q \1 \ I ~ \ 
I \ t 
I \ 

~ \ ''\ 
\/ "	 I1-' \ I 

~ \ I	 , ,1\
-'70 '\: \ :	 It'

I \ ' Y	 I" t 
\ I \ I	 ~ t , Ir--- 1.2°-1\ I " \ I i 

-- I I J I I I ! ! ! ! \! I 
- ,.,	 75-42-D-9 

FIGURE D-9.	 ATCRBS ANTENNA STATIC BEAM POSITION (ABOVE 
VERTICAL PLANE OBSTRUCTION) 
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DATlc: 3/11/75 
Tc.ST SITE: AIRCR,\FT (NlTi) AT AJ\ t 1..EVATION .'\Nl'LE OF 7.5°, 

-12 nmi TANGEI'TIAL FLICHT PATH TO 132· RADIAL 
TEST COI'DITIOI'S:	 \IODE 3/A INTERROGATlO1\ 

TRANSMITTED PEAl< POWER - 600 W 

fIXED A1\TEI'NA POSITION 
O' EEAM HOPOVER 

DATA COLLE-CTIOI' 1-1LTHOD: TRANSMlTTED PULSE AMPLITUDE 
PRIl\"T OUT 

C,\U13RATI01\ : 
Vr.RTICAL - 5.0 dB PER MAJOR DIVISIO!' ­
HOHIZONTAL - -I. Z DEGREES PER ~IAJOR DIVISIOJ\ 

-40 Ir-------------------------------------------------- ­

~ PI> Pz 

EJ PI < Pz 
-45 

- ')() 

al 
'0 

:; -55 

"-l 
:> 
~ 
...1 
...1 

~ -60 
G 
(f) 

-65 

-70 

r-J. Z·-j 

PI 

- 7 5 I I I I I I I I , I 
7~-42-D- 10 

FIGURE D-10. ESA STATIC BEAM PATTERN FOR ZERO DEGREE BEAM HOPOVER 
(ABOVE VERTICAL PLANE OBSTRUCTION) 
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D,\Tl: : 3/ 1117~ 

TUT SITE AIRCRAFT IN377) AT .'11\ ELl:VATlON ANC;LE OF 7.5', 
-12 nmi TANCENTIAL FLIGHT PATH TO 132' RADIAL 

TEST CONDITIONS:	 ~IODl: 3/ A INT ER R0CA T10l\ 

TRA!'<SMITTl:D PEAK POWER - 600 W 
FIXl:D ANTl:KKA POSIT10N 
2' 8EA~1 HOPOVER 

DATA COLLECTION ~IETHOD : TRANSMITTl:D PULSE AMPLlTUDl:. 
PRINT OUT 

CALlElR,'-TION: 
VERTICAL - 5.0 dB PER ~IAJOR DIVISION 

HORIZONTAL - -1. 3 DEGREES PER MANOJ DIVISION

-Wi'-~~~~~-~ 

- 4 5 

-50 

::0 -55 

-00 

-05 

- 70 

~ PI> P-, 

1.. >1 PJ < 1°2 
-0 dB 

,,~. 

I' \ ,I ,I 

I \ 
I \ 

I 

rJ	 'v'\ 
\, 

,;'
/

/- J. 3'--j	 \ 
\ 
\ 

_75 ' r I I I I I I I \ I 
75-:,~>D-ll 

I 

FIGURE D-ll. ESA STATIC BEAM PATTERN FOR 
VERTICAL PLANE OBSTRUCTION 

2° BEAM HOPOVER (ABOVE 

D-ll 



DATE: 3/l1/75 
TEST SITE: AIRCRAFT (1\377) AT AN Io:LEVATION OF 7.5", 

12 nm' TANGENTIAL FLIGHT PATH TO 1)2 0 

DATI:. :3/11/75 
TEST SITE: AIRCRAFT (N.l77) AT AN ELEVATION ANGLE OF 7.5 0 

, 

- 12 nm, TAN'"E.NTIAL FLIGHT PATH TO 132 0 KADIP,L 
TEST CONDlTIONS:	 MODE 3/.'" INTE:RROGATION 

TRANSMITTED PEAK POWER - 600 W 
FIX 1:.0 ANT J::NNA POSlTION 
4' BEAM HOPOVEH 

DATA COLLECTION METHOD: TRANSMHTED PULSE AMPLITUDE 
HINT OUT 

CALIBRATION: 
V ERTlCAL - 5.0 dB PER MAJOH DIV ISION 
HOKIZONTAL--I. 3 DEGRr_ES PER MAJOR DIVISION 

-40 

'~ PI> P-, 

1'01 P: < Pz 
-45 

-4 dB 

-50 

to 
'0 

::;- -55 
..cl 
> 
W 
--I 
--I 
< 
Go -60 
<.) 

<fl 

-65 

- 70 

1-1,3 
0 -1 

-7~1 I I I I I , I I 175-420-121 

FIGURE D-12.	 ESA STATIC BEAM PATTERN FOR 4° BEAM HOPOVER (ABOVE 
VERTICAL PLANE OBSTRUCTION) 
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OA f L : JII 1 '0 

TES! 5111:.: ,\!RCRAFf (~\7-;) AT Ai'- I:.LLV r\T\O:\ Ai'-L.Ll.. d! !.8', 
- 12 nOli TAi'-'E.l'-TI.o.L ,UCHT f>ATH TO 13'" RADIAL 

Tl.S1 CO"nIT,O:--'5·	 ~luDE IIA lr--TI:.KIHJl;ATIOi' 
TRAl'-S\IITTl::O PI:.AK POII'I:.R - 300 \I, 

FI" l.D A" f E~l'-A POS1TIO" 
D" I" COLLECTIOl'- /o.,LTIIOO : TRAf\iS~iIT n.D Pl'L..5l. A~IPLlTL'Ul 

PRll'-T Ot. I 
CALlBR,\TIOl' ­

VERTICAL - ~. (} dB PER \IA,IOI< D1V1510i' ­
HORIZOf'TAL - -I. 3 DLt,Rf E.S PE.R .\IAJOR 01V1510" 

-40 I I 

~ PI> Pz. 

CJ PI < P2 
-45 

-50 

c:: 
2. I ~~. "PI 
..l -55 
~ 

:> 
-" - I - P2-' 
< 
'" -r,C 

:to 

i ., ~ . \:;'". -f'\' 
-.0 ­

I
-'is 

I 
I 

~ .'\ /
-' \

' II I 

I 

I.,J 

I I 

L I .---1r-- . 3 "\ 

I I I 

\ i 
' .. I\\ ,
i;;~J 

75-42-D-13 

\ 
\\. 
( ,. ­
\ .,. 1 

t·I 
....1

V'· .:f 
1\.' . 1.1 I 

PIGURE D-13. ATCRBS ANTENNA STATIC 
PLANE OBSTRUCTION) 

BEAM POSITION (HORIZONTAL 

D-13
 



-------------

-55 

<) t 

-65 

DATE: 3/11 '~S 

TEST SITlo: AIRCRAFT (N3??) AT AN J,.Lf..VATION ANGLE OF 2. 9·, 

-12 omi TANGENTIAL ,LiCHT PATH TO 139' RADIAL 
TEST CONDITlOI"S;	 MODI:. 3/A INTERHOGATION 

TRANSMITTED PSA" POW.<.R - 600W 
FIXED ANTENNA POSITION 
0' BEAM IIOPOVER 

DATA COLLECTION ~\J,. THOD : TRA!'S~I[TTED PULSE AMPLITUDE 
PRINT OUT 

CALiBRATi0N; 
VEHTIC.'.L - 5.0 dB P.E.R ~IAJOR DIVISION 
HORIZO',TAL - -1. I DE<.;RLJ::S PER MAJOR DIVISION 

-4[1 ,r---------------------------------------------------, 

-45 

-50 

c:; 

" ...I 

...; 
> 
~ 

...I 
< 
L. 
C 
:Jl 

~ PI> P l 

H\\:",j P I < P Z 

REFERENCE LEVEL FOR FIc,lIRES D-15" 0-16 

FIGURE D-14. ESA STATIC BEAM POSITION FOR ZERO DEGREE BEAM HOPOVER 
(HORIZONTAL PLANE OBSTRUCTION) 
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DATE: 3/11/75 
TEST SITE: AIRCHAf"1 (1'377) AT Aj\; ELEVATION ANGLE Of" 2.8°, 

12 nm. TANCE1'.TIAL FLIGHT PATH TO 139 0 RADIAL 
TEST COl-.D1TIOl'S:	 MODE 3/A jl'TERROGATION 

TRANSMITTED Pl::AK POWER - 600 W 
FIXED AI\TEt\1\A P05lTIO]\: 
2' BEA~1 HOPOVER 

DATA COLL.ECTIOl' ~iJ::1'HOD : TRANSMITTED PULSE AMPLITUDE 
PRINT OUT 

CAL-IBHATION: 
VERTICAL - 5.0 dB PER MAJOR DIVISION 
HORIZONTAL -~ l. 3 DE:CREl:.S PER MAJOR DIVISIOr, 

-40, 

~ PI> Pz 

Ilf] P J < P z
_4'; 

-5 

P1 

" --: -55 

~ 

> ... 
..J 

..J 
<l; 
4 -60 

<J) 

-65 

-3 dB 

Pj 

FIGURE D-15, ESA STATIC BEAM POSITION FOR 2° BEAM HOPOVER
 
(HORIZONTAL PLANE OBSERVATION)
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f ­
1 4°-' ~ 

t'" '\ 

-40 I 

-45 

- 5u 

t!J 
2­
...l -'>5 
~l 
;.. 

j 
...l 
« 
r. -00 

'f, 

-',0; 

_7lJ 

0,.1 

Ui\rF lI11/7, 
TI·.Sr 511E: AII{C"A~ r (1'177) AI' AN EU.VATIOI' -',!'LLL OF loS'. 

I~ nm, I Ai\:t;J:.I\TIA1. ~ LI<;HT PATH TO liD' RADIAL 
TI'ST COND1fhlt'<S:	 MODi. lIA Il'TJ RROGATION 

TflAl'SI--1ITTI·.D P1.AK POW!:.:R - 600 II' 
n:-;J:.D A~T ,:1\1"A POSITION 
4' l'c.A:\1 IlllPOVER 

DATA (.OL1.LCTIOI\ ~lc. rI1UD: T"At\S~1!TTi::D Pl'LSE A~~1-'LJTUDE 

~'1{II'T au r 

- --- .,- -- -- - - ISION 

J~~PI L 

o 'J 1 < 1-'!. 

- 7 U 

• I 'tI' .	 I i"\'11	 , ! I 75-42-0-1& 

FIGURE D-16.	 ESA STATIC BEAM POST ION FOR 4° BEAM HOPOVER 
(HORIZONTAL PLANE OBSTRUCTION) 
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DATJc: 3/11/75 
EST SITE: AIRCRAFT (l\i377) AT AI' ELEVA flO!' At\t;Ll:- OF 7. 0', 

-1,( nmi TANGEj\,TIAL FLIGHT PATH TO 13"· IU\lJl.\L 
Tlo.ST COl\DITIOt\S:	 ~IODE 31A INTER ROGATlOl\ 

TRAl\S~llTTt.D PE:AK POWER - 300 W 
FIXED Al\iTEN!'A POSITIO~. 

DAT." CULLECTJON METHOD: TRAl\SMITTED PULSE A~IPLlTUDE 

PRIl\T OUT 
CALlBR,\T!O!' : 

VERTICAL - 5. °dB PER MAJOR DIVISIO!' 
HORIZONTAL - -I. 2 DEGREES Plo.R MAJOR DIVISIO~ 

-40,,---------------------------------------------------, 

" ~ PI> PL
2 ciB 

I)(}:I PI < P2 
-45 

-50 

_75r-' :f I I	 I I I I F ··-::I··;5-42~~:~·~·~·:1 

FIGURE D-17. ATCRBS ANTENNA STATIC BEAM POSITION (ABOVE
 
HORIZONTAL PLANE OBSTRUCTION)
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DATE.: 3/II/iS 
fI:;ST SITe:: AIRCRAFT (N3;,) AT AI\: r.:LEYATlOl\ AI'LoLr OF;. 4', 

-I ~ ",,,i T A:--Lr I\:TlAL F LiGHT PATH TO 13Q' RADIAL 
fI:;ST COl\DITIOl\S:	 ~1\l1lI:; 3/A ll\TI:;RROGATION 

TR."i'.S~IIT fJ:;D PJ:;Ah POWJ::R - 600 IV 
FI:>;J:;D Al\TJ::N!'<A POSITION 
O' Bl.AM HOPOVJ:;R 

DA fA CQLLl:.CTlON I,ll' THOD : T RAl\S!>.llTTl.D IOU LSI:; A~I P LITUDE 
PRINT OUT 

C,\L!ORATION' 
VFRTICAL - 5.0 dB PLR MAJOR DIVISION 
HORIZONTAL - -I, l DEGRE,:J::S PER MAJOR DIVlSIOl\ 

-".I 1'----------------------------------------------------, 

~ PI > P2 

1<>1 PI < P l 

-~" 
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FIGURE D-18. ESA STATIC BEAM POSITION FOR ZERO DEGREE BEAM HOPOVER 
(ABOVE HORIZONTAL PLANE OBSTRUCTION) 
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DATE: 3/11/,5 
'I EST SITE: AIRCRAFT (N3n) AT AN ELl:. VATIOl'i Al'iGL~ OF 7.5', 

- 12 nmi T AlvGEI'TIAL F LIGHT PATH TO 139' RADIAL 
TEST CONDI flONS:	 MODE 3/A II'TERROGATION 

TRANSMITTED PEAK POWER - 600 W 
FIXED ANTENI'A POSITION 
2' BEAM HOPOVER 

DATA COLLECTION METHOD: TRANSMITTED PULSE AMPLITUDE 
PRINT OUT 

CALIBRATIOI' : 
VERTICAL· 5.0 dB PER MAJOR DIVISION 
HORIZOI'TAL . -1. 2 DEGIH.ES PER MAJOR DIVISIOI' 

~Pl :>P2 

Ii:>] PI < P2 
-45 :.£...dIL _ 
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00 
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L I 2' _I 
r--. --, 
J I I 

t, 'J
\.. j 
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I 
- 75 75-42-0-19 

FIGURE D-19, ESA STATIC BEAM POSITION FOR 2° BEAM HOPOVER (ABOVE 
HORIZONTAL PLANE OBSTRUCTION) 
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D.', fl. \111 r-~ 

Tk.ST SITk.· \111CHAr -J (r\.1-~1 Ar ;,l\ l:.LJ:.VATIOi\ AI\GLJ:. OF 7.5° • 
-IZ 11m> TA"Gl:..l'.TIAL FLI"IIT "'ITH TO I J'l. RADIAL 

TloST CO"DlTIOl\S:	 1\IODl. 3/."- I"TJ::KHOG,\TJOI\ 
TRAi\S1\IITTJ:.D t'l:..AI< POWI:.R - 600 W 
FI:\£D Al\Tk.l\"A POSITlOi\ 
-\. EJ::Al\1 1l0POV£R 

DAr". COLLECT10i\ ~!k.THOD: TRA"-Sl\IITTLO PULSk. Al\IPL[TUD~ 

PRll'T OUT 
CAL[HRATJOI\ : 

\·E.RTfCAL - 5.0 dB PER ~!AJOR D1VISIOI\ 
HORIZOi\T,\L - -1. 1 DEGRU,-S P£I{ ),IA.;OR DIVISIOI\
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 rl---------------------------------------------------, 
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FIGURE D-20.	 ESA STATIC BEAM POSITION FOR 4° BEAM HOPOVER 
(ABOVE HORIZONTAL BEAM OBSTRUCTION) 
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