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INTRODUCTION 

Several years ago the Federal Aviation Administration (FAA) embarked 
on a program to develop a Microwave Landing System (MLS). Two design 
techniques, Time Reference Scanning Beam (TRSB) and Doppler scan were 
analyzed and developed for comprehensive comparative evaluation. Numerous 
tests were conducted at the FAA's National Aviation Facilities Experimental 
Center (NAFEC), Atlantic City, New Jersey, before the FAA selected the 
TRSB system as the choice for final development. TRSB MLS is the United 
States/Australia (Interscan) candidate submission to the International Civil 
Aviation Organization (ICAO) as the eventual replacement for ILS. 

In March 1977, following a 15-month period of intensive and compre
hensive assessment of all competing microwave landing systems, the ICAO 
All Weather Operations Panel (A WOP) recommended TRSB as the preferred 
candidate microwave landing system for international adoption. This 
assessment involved more than 100 leading international experts in micro
wave landing systems. 

The Air Navigation Commission (ANC) forwarded the A WOP recommen
dation to the ICAO Council, whereupon the Council scheduled a worldwide 
meeting for April 1978, to address the question of selecting the new inter
national standard for an approach and landing guidance system. In the 
interim, in consonance with the ICAO Council suggestion that propos ing 
States carry out demonstrations at operational airports, the FAA has 
developed a program to conduct operational,demonstrations of several TRSB 
hardware configurations at selected airports in the United States and abroad. 
(Hereafter for simplicity, "TRSB MLS" will be referred to as "TRSB. ") 
These demonstrations are intended to show that the TRSB signal format and 
system design are mature and satisfy the full range of requirements from 
general aviation use to scheduled air carrier operations, for Category I 
to Category III auto land. Additionally, these demonstrations provide 
opportunities for representatives and officials of the international aviation 
community to gain first-hand knowledge of TRSB and its application to 
their particular requirements. 

DISCUSSION 

The TRSB flights of December 5 through January 4. 1978. at John F. 
Kennedy International A irport represent the fourth in a series of operational 
demonstrations at domestic and foreign civil airports. These demonstrations 

• _ had several objectives. First. the use of TRSB for automatic guidance on 
an actual complex path used for noise abatement and to resolve traffic 
conflicts with LaGuardia A irport. was planned for demonstration. Collection 
of engineering data on TRSB was a second objective which had the twin 
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goals of providing a data base for further validation of multipath computer 
simulations and for collecting performance data to be used in the bilateral 
data comparison of DMLS and TRSB. 

The operational demonstrations were accomplished without difficulty. 
and aviation officials and international technical experts observed and 
participated in coupled and manually controlled flights of TRSB equipped 
aircraft at this large and busy international airport. The operational 
flight profiles were patterned after the JFK noise abatement profiles to 
Runway 13L, known as the "Canarsie" approach. 

The required engineering data to satisfy the second objective was" un
usable due to problems connected with the time correlation of the precision 
tracker data and the TRSB receiver angle output records, and the associated 
tracker calibrations and computer software required to process and reduce 
the data. Subsequently, the engineering data collection effort at JFK was 
rescheduled for early in March 1978, which would be immediately prior to 
the scheduled DMLS tests at JFK. This would allow sufficient time to 
resolve the tracker data processing problems and thus allow proper support 
of both the TRSB and DMLS test efforts. These latter efforts were success
fully conducted during March 1978; the results are the subject of a separate 
report on the comparative tests of DMLS and TRSB at JFK. 

Site Selection 

Figure 1 shows the siting of the TRSB equipment at the JFK airport 
on Runway 13L. Note that two locations are indicated for the elevation, 
subsystem. A "mixed" TRSB system was installed consisting of the Basic 
Wide "test bed" azimuth subsystem and the Basic Narrow elevation sub
system. Although the Basic Wide "test bed" was the designated system 
to be used in the comparative testing, * the elevation array had been returned 
earlier to the manufacturer (Bendix Corporation) for refurbishment and 
packaging in a case suitable for mobile field demonstrations, and had not 
become available at the time scheduled for the demonstrations at JFK. 

The Basic Wide "test bed" azimuth subsystem is a conventional 10 

beamwidth phased array, and provides + 60 0 proportional guidance, with 
vertical coverage up to 20 0 • 

The Basic Narrow elevation subsystem has lateral coverage in excess 
of + 400 , and vertical proportional coverage to 150. The antenna is a 
rricrowave optics (Rotman lens) design which has a 1.50 beamwidth. 

'~NOTE:	 By bilateral agreement between the UK CAA and the FAA, JFK 
and two other airports were chosen for comparative DMLS and 
TRSB trials and specific ground system components were 
designated. 
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In order to provide complete TRSB coverage of the "Canarsie" 
approach from centerline to the Canarsie (CRI) VOR. lateral azimuth 
coverage to about 45 0 and lateral elevation coverage in eXCess of 55 0 

are required. Thus. the.± 600 azimuth unit is well suited for this 
approach, but the elevation signal is attenuated more than desirable 
near the CRr VOR due to the increased pattern roll-off beyond the 
400 coverage specification. The Basic Wide "test bed" elevation sub
system with its wider coverage capability would be the preferred choice 
for this installation• 

• 
The available Basic Narrow elevation array was installed on the 

north elevation pad for the demonstration flights. This left the south 
pad open for the Basic Wide "test bed" array when it became available. 
without disrupting the demonstration schedule. Also. computer simu
lations suggested that measurable effects due to reflection of the elevation 
signal by the hangar line to the north of Runway 13L would be observed. 
Siting on the north pad would provide the best chance to acquire data 
applicable in further validation of the computer simulations. although 
the elevation signal quality would be somewhat degraded in the _25 0 to 
_300 azimuth region (about halfway between the centerline and the CRI 
VORl. Siting the elevation on the south pad would be the normal installa
tion at JFK. This would also reduce the signal shadowing by the hangars 
to the north, and move any hangar reflection on the Canarsie approach 
to wider azimuth angles (beyond 350 ). This more typical operational siting 
was the preferred location for the DMLS/TRSB comparative testing. 

In the final analysis. the test bed elevation subsystem did not become 
available in time for installation during the demonstration period. and the 
demonstrations were completed using the Basic Narrow elevation sited on 
the north pad. Difficulties with deploying the newly acquired laser tracker 
and achieving integration into the data collection and processing systems. 
plus the late availability of the designated test bed elevation subsystem 
required that the comparative profiles be accomplished at a later time. 
Thus. no error data with precision tracking was obtained during this 
demonstration period. although the available airborne receiver angle 
records (see Appendix B) can provide some support to the simulation 
validation efforts. 

System Installation 

Runway 13L is 10.000 feet (3.048 meters) in length. but has thres
holds displaced 1.000 feet (305 meters) at both ends. yielding a usable 

'. length of 8.000 feet (2.438 meters). The azimuth subsystem was sited 
along the extended centerline 2,170 feet (661 meters) beyond the stop end 
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of the runway. The elevation subsysteIn as sited on the north pad was 
250 feet (76 Ineters) perpendicular to the centerline and 769 feet ( 234 Ineters) 
froIn threshold. In less than 3 workdays froIn equipment arrival at JFK 
A irport, installation and alignITIent were cOInpleted. This was accoInplished 
under extreInes of weather conditions. Additionally, in the course of 
initial equipment set-up the electronic scan was inadvertently set to scan 
less than the .± 600 • and this was corrected before demonstrations and 
data gathering was undertaken. The TRSB sites with respect to Runway 
13 L and surroundings are depicted in Figure 2. Figure 3 is a general 
view of the TRSB elevation site in the vic inity of the hangar line to the 
north. Figure 4 is a closer view of the Basic Narrow elevation site, 
and Figure 5 shows this site from the opposite side. The JFK airport 
control tower and some of the airline terminal buildings at the airport 
can be seen in the background of this figure. Figure 6 details the mount
ing of the elevation antenna on the concrete pad. Although not shown in 
these views, the field monitor horn antenna for the elevation subsystem 
was located 1000 feet (30.5 meters) directly in front of the elevation 
antenna. 

It is apparent from the perspective in Figures 2 and 3 that the 
three-hangar complex adjacent to the site has the potential to provide 
both reflection and shadowing effects at lower elevation angles. "Horizon" 
profiles for both the north and south elevation sites are shown in Figure 7. 

Figure 8 shows the aziInuth subsystem installation. The antenna 
and electronics for the azimuth subsystem are located in the antenna 
enclosure. In the background of this figul1e is the commissioned ILS 
localizer for Runway 13L. Although the azimuth subsystem was located 
in front of the localizer, it had no adverse effect on the localizer per
formance as verified by FAA Eastern Region flight-check inspections. 

Figure 9 is a view of the azimuth subsystem enclosure £rOIn the 
rear. The mounting details of the enclosure on the concrete pads can be 
seen in this figure. Although not shown. the field Inonitor horn antenna 
for the azimuth sub-system was located 100 feet (30.5 Ineters) directly 
in front of the aziInuth antenna. 

Located near the TRSB azimuth subsysteIn. 309.4 feet (94;3 Ineters) 
to the northeast, was the DME electronics package. It was located in 
the van shelter which housed the laser tracker rather than within the 
azimuth enclosure where it would norInally be housed. (Figure 10). 

Flight Path GeoInetry 

The flight path used for the operational demonstrations was the 
curved Canarsie approach route to Runway 13L as shown in Figure 11. 

4 



Flights were made with an initial altitude of 2, 300 feet (701 meters) over 
the Canarsie VOR and continued from there in a fully coupled curved 
approach on a steady 3. 150 descent to final autoland. This approach path 
over Jamaica Bay and the Shore Parkway is a preferred route for avoid
ing traffic conflicts with LaGuardia Airport to the northeast and for 
reducing aircraft noise over heavily populated residential districts. Cur
rently, it is only available under VFR conditions. 

Standard profiles (radials, partial orbits and approaches) were used 
for the data acquisition flights and are listed in Table 1. 

TRSB Operational Demonstration and Data Acquisition Flights 

• Close coordination between project personnel on the TRSB demonstra
tion team and JFK air traffic controllers at the N. Y. Common IFR Facility 
and the ATC Tower permitted use of Runway 13L during daylight hours 
for the TRSB operational demonstration flights. However, the data acqui
sition flights had to be made between the hours of 0300 EST and 0700 EST, 
because the data flight patterns required the test aircraft to fly into the 
LaGuardia Airport airspace. Flights demonstrating the curved Canarsie 
approach encountered occasional delays when departing aircraft penetrated 
the Canarsie approach region. 

The 14 operational demonstration flight per iods are listed in Table 2, 
TRSB Operational Demonstration Flights at JFK, December 1977. Table 3 
lists the international representatives who participated in these -flights as 
observers. The aircraft used on the operational demonstration flights was 
the NASA Terminal Configured Vehicle (TCV) B-737. Figure 12 shows 
this aircraft on a typical TRSB approach to Runway 13L. 

The data acquisition flights were flown with the NAFEC Convair 580 
(N-49) test bed aircraft (Figure 13). The final data acquisition flight was 
on January 4, 1978, with the Basic Narrow elevation antenna moved to the 
south side of the runway when it became apparent that the Basic Wide "test 
bed" array would not be available in this time period. A series of Canarsie 
approaches were flown for comparison with data collected previously. 

Airborne Instrumentation 

The airborne equipment used in the demonstrations consisted of a 
TRSB angle receiver, course deviation indicator, and precision DME 
receiver. Associated instrumentation consisted of data multiplexer, 
synchronizer, digital data recorder, and analog video recorder (Figure 14)•.. 
Digital AZ-EL-DME and serially coded time data were recorded on 
magnetic tape in the aircraft. 
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Mobile Van Instrumentation 

In order to provide information on multipath sources for use in 
connection with the Lincoln Laboratory computer simulations, a NAFEC 
mobile test van was used to determine reflection coefficients of major 
reflecting surfaces at the approach end of Runway 13L. 

The mobile test van was positioned at various locations near reflection 
sources to measure multipath levels. The van was equipped with the comple
ment of equipment shown in Figure 15 plus a vertical telescoping mast with 
a TRSB receiving antenna. Figure 16 shows the test van beside Runway 
13L near the touchdown region. The TRSB elevation sit e can be seen to 
the left. The mast antenna height was variable from 5 feet (1. 5 meters) 
to 51 feet (15.5 meters). The receiving antenna could also be rotated 
through a horizontai sweep of + 90 0 • Two different receiving antennas 
were used for different purpos~s. A wide angle.± 900 aperture was used 
to receive combined direct and multipath radiation, and a.± 200 aperture 
directional horn was used to separate the direct and reflected signals. 

RESULTS 

The system installation and operational demonstrations were highly 
successful and gave the many participants considerable insight into opera
tional benefits available by application of TRSB at JVK. In the case of the 
NASA 737 autolands, 45 of 60 were conducted without incident despite wind 
conditions and a trajectory which stressed, the nonoptimized area naviga
tion computer used for this very close-in capture of the final approach path. 
There were 15 cases where it was not possible to complete the full approach 
automatically due to the inability of on- board equipment to cope with those 
winds, and in a few cases due to failure of aircraft instrumentation electronics. 
There were no cases where problems with TRSB MLS guidance accuracy 
were responsible for incomplete autoland. 

The airborne data records indicate good quality guidance throughout 
most of the TRSB coverage region. However, these records (although 
qualitative in nature) indicate certain regions of reduced guidance quality 
wort hy of comment. 

The receiver records for azimuth show high quality guidance on most 
profiles. Some shadowing effects are noted at low angles; the occasional 
isolated perturbation is assumed to be due to local airport traffic*. 

"'This traffic was on Runway 22L-4R which was in active use when these 
tests were made. However, in an operational situation, this cross runway 
would normally not be in use when landings were being made on Runway 
13L-31R. 
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The receiver records for elevation show the expected guidance 
deterioration at wide angles due to the Basic Narrow elevation antenna 
coverage limits. Also noted are the longer reflection effects at azimuth 
angles outside of _25 0 and the hangar blockage effects at the wider azimuth 
angles on the opposite side of centerline. '. From accumulated knowledge 
of TRSB and DMLS as well as from theoretical understanding. these effects 
would be experienced by either C-Band system. 

On the Canarsie approach route, the hangar reflection effects. as 
expected. are found in a region centered on _270 azimuth with the eleva
tion antenna on the north pad and are noticeable in the vicinity of _380 

•	 azimuth with the antenna moved to the south pad. At wide angles. beyond 
the design limits of the Basic Narrow elevation antenna, noise increases 
rapidly indicating, as expected, that the Basic Narrow elevation antenna 
coverage is marginal for this application and that the basic wide elevation 
antenna which was planned for this demonstration. is the proper choice. 

It is important to recognize that these results are only the receiver 
output and are not error plots which can be quantitatively assessed. With
out the benefit of comparison with a tracking system (a measurement 
standard), the effects of aircraft motion are still included in the data pre
sented. For this reason, it is appropriate to exercise caution in interpret
ing these results, especially in any comparative Sense. ':":' 

Specific	 results are: 

1. The operational flights demonstrilted conclusively the capability 
of the system to provide guidance for performing the Canarsie curved-path 
approach and landings under automatic and manual control to Runway 13L. 

':'The hangars of conCern at JFK runway 13L violate the ICAO obstruction 
clearance limit (OCL) by some 31 feet (i. e., they are 80 feet high whereas 
the OCL	 limit for that distance from runway centerline is 49 feet). 

~":'I3efore publishing this report, a subsequent set of comparative TRSB and 
DMLS data was gathered for CAA/FAA bilateral comparison purposes. 
That independent activity is reported separately so as to avoid misleading 
the reader. 

'. 
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2. There were no adverse effects from the observed multipath 
signal disturbances during the flights in the FAA Convair 580, CV-880, 
and the NASA B-737. 

3. The TRSB system installation was completed in a short time 
interval in a routine manner in the very complex environment of a busy 
international airport. 

, . 
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TABLE 1 

TRSB DATA ACQUISITION FLIGHTS AT JFK, 

FLIGHT PATTERN DESCRIPTION
 

Level flight centerline radial from 15 runi
 

Level flight radial at 38° right from 15 runi
• 

Level flight radial at 38° left from 15 runi 

Clockwise arc 90° right to 90° left at 5 nmi 

Counterclockwise arc 90° left to 90° right at 5 nmi 

3° centerline approach to runway/overflight 
from 10 nmi 

50 centerline approach to runway/overflight
 
from 10 nmi
 

Canarsie Approach
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DECEMBER 1977 

FUGHT ALTITUDE 
FEET 

2. ODD, 4, ODD, 6.000 

2. ODD, 4. ODD, 6.000 

2.000. 4.000. 6,000 

2, ODD, 4. ODD, 5.000 

2.000. 4, ODD, 5,000 

2.000 (initial) 

2.600 (initial) 

l, 300 (initial) 



TABLE 2 

TRSB OPERATlO\'AL DEMONSTRATlO\,' FLIGHTS AT JFK 
DECEMBER 1977 

APPROACHES 
DATE FLIGHT AUTOLAND MANUAL 

12/5/77 

12/5/77 

1 

2 
4 

12/6/77 

12/6/77 Z 
3 

12/7/77 

12/7/77 

1 
4 

12/8/77 
5 

12/8/77 2 

12/9/77 

12/9/77 

1 

2 
4 

12/12/77 1 

12/12/77 2 
5 

12/13/77 1 

12/13/77 2 
5 

3 
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2 
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USA Press - II 

USA Press .. 5;	 Television News - 3 

USA Aviation ..	 7; National Transporta
tion Safety Board - 2; FAA - 1 

USA Aviation - 8; FAA - 2 

USA Congressional Staff - 11; FAA - 2 

USA Congressional Staff - 10; 
Electronics Manufacturer - 1 

ICAO-I; Foreign Gov't. - 5; TV News 3 
France Industry .. 1; FAA .. 2 

ICAO - 12; Norway Civil Aviation - 1 

New York Area	 Aviation Interests .. 12 

New York Area Aviation Interests .. 10; 
Lincoln Laboratories .. 1; FAA-l 

FAA Eastern Region - 8; FAA D. C. 
Office - 3; A ire raft Mfg. - 1, New 
York Port Authority - I 

FAA Eastern Region - 9; FAA 
Washington Office - 4 

Air Transport Assoc. - 10, Electronics 
Manufacturer -	 I; FAA-Z 

Air Transport Assoc. - 9; USA Press .. 
1; FAA -4 

Abbreviations:	 FAA - Federal Aviation Administration 
leAD - International Civil Aviation Organization 
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TABLE 3
 

TRSB MLS DEMONSTRA nON PAR TIClPANTS
 
REPRESENTING lNTERNA TIONAL GOVERNMENTS
 

Mr. T. H. M. Hagenberg 

Mr. Keith Watling 

Mr. Sandor Grashoff* 
• 

Mr. Daniel Dayer 

Mr. William Codner 

Mr. Ronald Chafe 

Mr. James M. Ahwai" 

Vice Commodore Elio J. Acosta* 

Mr. R. W. Gross" 

Mr. Fachri Mahmud" 

Mr. M. Abouchacrai,' 

Mr. Y. M. Lambert':' 

Dr. F. Crznar'-' 

Mr. Eduardo Guillen Acuna* 

Mr. Stuart T. Grant':' 

Mr. Jarl H. Edvardsen 

Dr. J. Krieg 

Mr. P. K. Ramachandran* 
'. 

Netherlands 

United Kingdom 

Netherlands 

Switzerland 

United Kingdom 

Canada 

Trinidad/Tobago 

Argentina 

Australia 

Indonesia 

Lebanon 

France 

Czechoslovakia 

Honduras 

Canada 

Norway 

Federal Republic of Germany 

India 

A. V. M. J. B. Russel* United Kingdom. 

FAA WJH Tecl1nical Center 

'"ICAO Representatives 1111111111101l1li11111111111111 
00092404 
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FIGURE 12. NASA BOEING 737 OPERATIONAL DEMONSTRATION FLIGHTS; AIRCRAFT MAKING 
A TRSB APPROACH TO JFK RUNWAY 13L 
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FIGURE 13. FAA CONVAIR 580 TRSB DATA ACQUISITION AIRCRAFT 
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TIME REFERENCE SCANNING SEAM 
(TRSSI MLS IS AN AIR-DERIVED 
APPROACH AND LANDING S":'STEM. An 
aircraft can determine its positU1n in space 
by making two angle measurements and a 
range measurement. A simple ground-to-alr 
data capability providp.s airport and runway 
identification and other operational data 
(such as wind speed and direction, site data, 
and syslem statusl. 

FAN SEAMS PROVIDE ALL ANGLE 
GUIDANCE (APPROACH AZIMUTH, 
ELEVATION, FLARE. AND MISSED 
APPROACH). The TRSS ground transmitler 
supplies angle information through precisely 
timed scanning of its beams and requires no 
form of modulation. Beams are scanned 
rapidly "to" and "fro" throughout the 
coverage volume as shown below. In each 
complete scan cycle, two pulses are received 
in the aircraft-one in the "to" scan, the 
other in the "fro" scan. The aircraft receiver 
derives its position angle directly from the 
measurement of the time difference between 
these two pulses. 

RANGE IS C~UTED IN THE CONVEN
TIONAL MANNER. TRSS ('opos('s 10 use 
L-Band Distance Measurrn~ EqUipment 
lOME) tnat is cDmpatible with ex,<;:,ng 
navigation equipment. It prOVides ··proved 
accuracy and channelilatfon capabll,\I(.'s. 
The required 200 channels can be made 
available by assignment or sharing of existing 
channels, using additional pulse ml/ltl

plexin9- The ground transponder IS Iypically 
collocated with the approach allmuth 
subsystem. 

NOTE: The OME (ranging) function is not 
discussed in detail because it is independent 
of angle guidance subsystems and therefore 

is nol critical to the description of TRSB. 

• 

SCANNING BEAM CONCEPT 

ELEVATION ~~AM 

• TASB beams are SC<Inned rapi:tly '"to" and '"'ro" 
lback and forth for alimuth. dOW'n and up lor 
elevat ,on) at a precise fale 
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TRSB USES A T1ME-&EOUENCEb 
SIGNAL FORMAT FOR ANGLE AND 
DATA FUNCTiONS. Angle and data 
functions (that is. approach azimuth, 
elevation, flare, missed-approach guidance, 
and auxiliary data) are sequentially 
transmitted by the ground station on the 
same channel. Primary operalion is C-band. 
with 300 KHz spacing between channels. 
However the format is compatible with 
Ku-B,md requirements. (Note: DME is an 
Independent function on a separate 
frequency and is not a pari of this formaU 

THE SIGNAL FDRMAT IS DESIGNED TD 
ALLOW A _XIMUM DEGREE DF 
FLEXIBILITY. Functions can be trans· 
mitted in any order or combination 10 meet 
the unique operational needs of each site. 
This flexibility is made possible by a 
function preamble identification message. 
This message sets the airborne receiver to 
measure the angle or decode the data 
function that will follow. The orderlnq or 
timing of transmissions, therefore. IS not 
important. This flexibility permits individual 
functions to be added or deleted 10 meet 
specific airpurt requirements. II also permits 
any T RSB airborne receiver to operate with 
any ground system. The only requirements 
are that a minimum dala rate (minimum 
number 01 to-fro time-difference measure· 
ments per secondI be maintained for each 
angle function, and that these measurements 
be relatively evenly distributed in time. An 
example of two 64-millisecond sequences of 
a configuration that utilizes all available 
functions is illustrated below. 

THE TRSB FDR_T PRDVIDES FDR 
CURRENT AND ANTICIPATED FUTURE 
REQUIREMENTS. Included are 

, 
•	 Proportional azimuth angle guidance 

to ±60° relative to runway centerline 
at a 13.5-Hl update rate (that is, data 
are renewed 13.5 times each second.l 

•	 Proponional missed-approac~alimuth 
guidance to ±400 relative to runway 
centerline at <I 6.75-Hz update rate 

•	 ProPortional elevation guidance up to 
30° With a 40.5-Hz ulJdate rate 

•	 Flare guidance up to 15° with a
 
40.5-Hz update rate
 

•	 360
0 

azimuth guidance with a 6.75-Hz 
update rale 

•	 Missed-approach or departure
 
elevation function with a 6.75-Hl
 
update rate
 

•	 BaSIC data prior to each angle function 
(includes functIOn identification, 
a.rpon identification. alimuth scale 
faclors. and nominal and/or minimum 
selectable glide slopel 

•	 Auxiliary data (tor example. 
environmental and airport conditions) 

•	 Facility status data I. Ground test signals 

•	 Available time for other data and/or
 
additional future functions.
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The TRSS signal offers """"lI;imurn f1ell;ibihlV 
10 <neel unique user requi.ements 
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TRSBOPERATES EFFECTIVELY IN 
SEVERE MULTIPATH ENVIRONMENTS. 
TASS offers several unique solutions to the 
muhipath problem that has limited the 
implementation of other landing systems. 

THERE ARE lWOTYPES OF MULTI· 
PATH. Multipath occurs when a microwave 
signal is reflected from a surface, such as an 
a;rport structure, a vehicle. and certain types 
of terrain. The resulting reflected beam is 
classified as either out·of-beam multipath or 
in-beam multipath, depending on its time of 
arrival in the aircraft receiver relative to the 
direct signal. 

REFLECTED SIGNALS 

....... p ~t:!:t:. 
....... ;.q"-Iy crt:.

'  D 
'-

OtRECTPATH "/1/1---------...  ~ 

OUT-oF·BEAM MULTIPATH. If the angle 
and therefore the time between the reflected 
and direct beam are relatively large, the 
aircraft receiver is subjected to Qut-of-OOam 
multipath. In this case, the TRSB processor 
automatically rejects the reflected signal bv 
placing a time gate, as illustrated below, 
around the desired guidance signal. This 
ensures that the correct signal is tracked 
even if the multipath signal amplitude 
momentarily exceeds that of the desired 
signal. 

TIME GATING 

TIME 
AMPLITUDE GATE 

MUlTiPATH DIRECT 
SIGNAL SIGNAL TIME 

Time galing en~ures thai (he 
<Drrect signal i~ (racked, no1 
the reflecled one 

.A-4 

IN-BEAM MULTIPATH. When the reflected
 
and direct signals reach the aircraft almost
 
simultaneously Ithe angle of arrival is very
 
small). multipath is said to be in·beam.
 
TASB combats in-beam multipath by
 

• Shaping the horizontal pattern 01 the
 
elevation antenna to reject laLeral
 
reflections
 

• Motion averaging, by utilizing the high
 
data rates of TASB 

•	 Processing only the leading edge of the
 
flare/elevation beam, which is not
 
contaminated by the ground
 
reflections.
 

COVERAGE CONTROL IS AVAILABLE 
TO ELIMINATE MULT1PATH AT • 
EXTREMELY SEVERE PROBLEM SITES. 
Any MLS system will experience acquisition 
or tracking problems in those cases where 
the reflected signal is known to be persistent 
and greater in amplitude than the direct 
si!Jlal. A TASS feature called coverage 
control can be implemented, at no cost, in 
such cases by simply programming the Beam 
Steering Unit (BSUI. This feature permits a 
si mple adjustment of the ground facilitY to 
limit the scan sector in the direction of the 
obstacle and thereby prevents acquisition at 
erroneous signals. 

SELECTIVE COVERAGE
 
CONTROL
 

By ~imple progr"mming, lhe scan 
sector can be adjusted to prevent 
undesired mlade reUections 



SUB· 
SYSTEM 

Azimuth 

Azimuth 

Azimuth 

Elevation 

i::lcvation 

Elevation 

NOM'INAL 
BEAMWIDTH 

(DEGHEESI 

2 

3 

0.5 

2 

, COVERAGE I 
(DEGREES) I .. 

Up to 

Up to 15 

Up to 30 

Up to 30 

PRINCIPAL APPLICATI NS 

III' I ach A.:i'rn.lth; Long Runways 

I Azifi U1h; Interrn iiir' Lenrlth Runways 

Approo Azimulh. hl)r1 runways 
Appraa-ch A7jmlJ1~1 

silO;;) 

f::] vation 

(Less sev e mullipi'Jlh 5Ilcsl"· 

'ring Unit (BSU) for ,II drr I 

.. 
Phased Array Azimuth Antenna ins railed 
i).1 the National Aviation Facilities 
Fx imental Center. Rooome is rolled 

to exJX)Se radiating elel'nenls. 

TRSB IS A MODULAR SYSTEM WHICH 
CAN BE CONFIGURED TO MATCH THE 
NEEDS OF THE USER. A 'set 'of phased
iJrray ,uusyslems h~ blJen d Ili() thil may 
be ins I in any (0 T1ulmnion t rne:et the 
broad r J1CJ,!! of U$IIlr rcqu~re."p.r'I's. 

The minimu ys rn (Ofl1i~lratiOI1 c mists 
of approach al~rrll,th ilnd elP.viJtiun 
subsyswms. F-Iare, missed-approJch, iJnd 
rang~ subsyst ms may be inclu j"d or ildd(~d 

later. Several antenna beamwidths ale 

GROUND ANGLE 

iJvailabl~, as indicat d in the tollle below, 
from which a ground con figur;1I inn 11 be 
designed to p vide guidan SJ9f1il :;-in·space 
01 unif rill L1illitv in all airport environ
ments. 

NOTE; D l~ n inOl'!PE!l1dent subsy~tQm 

which is combined with <lPlHopriaw azimu h 
~nd Ip.w;inn su y~r _frl, I IT\iI E! up th, 
tot31 gl)idllm;c system. 

SUBSYSTEMS 
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AIRBORNE RECEIVER DESIGNS ALSO 
STRESS THE MODULARITY CONCEPT. 
Users need only procure what is neCL'Ssary 
for the services desired fr n ,my grOl rKJ 
facility. To obtain approach and landll'lg 
guidance at the lowest cost. n airc ..11 need$ 
only <In antenna and a basic IY r 
processor unit operu!ing wi1h ex'!rt.ing I LS 
displays. An air-lranspon ory aircraft 
equipped ior operatiun to low· il h r 
minimums will carry redundant equip nt 
and, in the future, advance isplays 10 tully 
u1ilize all of the inherent operational 
capabilities provided by TRSB. 

The 200-channel TRSB angle r" iver· 
processor provides angle information from 

.... . 

the nn;ng bp.3fT1 8zimu th and elevation 
subsyst sand d odes the aux iIiary data 
for display. Special moni tor ing ensures the 
In cgrity of the receiver output. 

dirbornp. unit is Ihe E. It is 
_ an' to operate with the gle 

i r·pror.essor and provid continual 
oul of (fsl nee. 

0111 I C ,mgl • rcc ·",~r·proces or and the 
OMI:: provid stimdJ out ts' exi tirl!] 
fhlht IrIstrumenu and ilutopil I syst .I\n 
option I airbofrl" computer wuuld be cd 
to nemte rved or segmented <Jpproaches 

d on T S8 position information. 

AIRLINE TYPE AVIONICS 

.., 
" . 

GENERAL AVIATION TYPE AVIONICS 
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TRSB CAN PROVIDE ALL-WEATHER 
LANDING CAPABILITY AT MANY 
RUNWAYS THAT PRESENTLY DO NOT 
OFFER THIS SERVICE. This is made 
possible by 

•	 The proposed channel plan, which 
contains enough channels for any 
foreseeable implementation 

•	 High system integrity and precision 
•	 Minimum siting requirements. 

THE LARGE COVERAGE VOLUME 
PROVIDES FLIGHT PATH FLEXIBILITY. 
Transition from en route navigation is 
enhanced through the wide proportional 
coverage of MLS. Such flexibility in 
approach paths, coupled with high-quality 
guidance, can be used to achieve 

•	 Improvements in runway and airport 
arrival capacity 

•	 Better control of nOise exposure near 
airports 

•	 Optimized approach paths for future 
V/STOL aircraft 

•	 Intercept of glide path and of runway 
centerline extended Without DV€IShoot 

•	 Lower minimums at certain existing 
airports by providing precise
 
mlssed·approach gUidance
 

•	 Wake vortex aVOidance flight paths. 

THE TRSB SIGNAL FORMAT ENSURES 
THAT EVERY AIRBORNE USER MAY 
RECEIVE LANDING1lUIDANCE FROM 
EVERY GROUND INSTALLATION. 
Compatibility is ensured between facilities 
serving international civil aviation and those 
serving unique national requirements. 

TRSB SPANS THE ENTIRE RANGE OF 
APPROACH AND LANDING OPERA
TIONS FOR ALL AIRCRAFT TYPES. Th" 
includes CTOl, STOl, and VTOL airer.li( 
operating over a ~Idc rar1ge of flight profiles. 
The particular needs of users, ranging fr'HTI 

general aviation to major air carriers, are 
accommodated. TRSS is adaptablt; to ~peclal 

military applications, such as transportable 
or shipboard configurations on il comrJtlble 
basis With civil systems. 

HIGH RELIABILITY, INTEGRITY, AND 
SAFETY OF TRSB ARE ENHANCED BY 
SEVE RAL IMPORTANT FEATURES. 
These include 

•	 Simple TRSS receiver processinq 
•	 Muilipath immunity features ,)n the 

ground and in the airborne receiver 
processor 

•	 A comprehenSive monitoring system 
that verifies the status of all sub· 
systems and the radiated signal. Status 
data are transmitted to all aircraft six 
times each second. 

•	 Coding features, such as parity and 
symmetry checks, thaI prevent the 
mixing of functions. 

TRSB PROVIDES CATEGORY-III 
aUALITY GUIDANCE. TRSS signal 
guidance Quality has already been proved via 
demonstration of fully automatic landings, 
including rollout, in a current commercial 
transport aircraft (Boeing 737) and an 
exerutive jet (North American SabrelinerJ. 

4 

I 

SEGMENTED & CURVED FLIGHT PATHS 

TRSS prOVides preci~lon gUidance for curved and 
segmented approllcheS jor noise abatement and 
traffiC seoardtion. as well as for autoland and 
rolioul 

A-7 

..
 



APPENDIX B 

AIRBORNE RECEIVER DATA 

- , 



--
--

-- --

, , 

, •• ~. l .. 

-
 DATE :' _ p--~-7;l 

AlHfiORNE DATA LOG FLIGHT N ...~ " -,.., ;'''"':'>.7
::rr- K'i.U.5 PIIASE III ... 1 ilInCI\AFT * -;V~';:;', _,JflP ;:.1.1Bo"'tl \)c 9:"11" /..111>(" rt~, tl/l.RU·NWAY':

SYSTF.M UNDER TEST II " 'It'''-tft. •. ", . /3 L ...."t. " 
fEST PLAN TABLE * I. ,..",' I ,.' ..., , .. I 

,..-,,~, 1.1 t. c"., ,':': PATTERN * I . "..-..i'-;; ~: r" It>' ~.J'
• ) I"" t-· 

'. ',r<Ol/ND EQlIIPMENT, 
s'ft'i'EM U HECEIVI-:H H CONT ilEA)) II Inll-: N 

=m-
IN'I'LH FAC I,

" 
,-I 'f "II P ID" \ h (, 

2 .-... -

(;;') l EL\ EL 2 (DME ' HK AZ ., .; 

}\HIJORNE EQUIPMENT, ;... e<. , .~fig. 0 . I.! 7'-,00' .'.' n"''' J 
\'.' 1['] I): ~-J., . t, ~I 

, "(' .
TEHP., Ii:'" 1;/ KENNEDY * 

. , 

,:Am 'fIJEl lA5J' \ P. UI\ 1m.: loon.!' TIMES N 
DESCRIPTION AND COMMENTSN HN "Dfi1"AI\1' STOP

" I , -.;:7 r: " nO~ ,. ~;t~ .  v' CI- LeI/EeL R'\PML @kOt>V'P,(t>r-f 15"1"1 (fi'T",-~1-,!----=~I I --L
"l ,/I 'l  o,3') :l:' I II" " II 1/ " II ... ::1: _I "c: ~'l<; n - -..... , r---' v05S:J.lo{')~li13{j., I 

..
." " " ., 

1/ .. no 'fr:>cK.j" ~i'3 " " .. ..,: 1,"0<'; I,"t:C (ll"l:~ ) II i3l!o" II "-'I ._- " 
'...!L . " " --

,', "1;(. I'l. 11f)f.'~,' \0' '/:) 1I " j " " -- " ,,,I-f ~/I ~'\ IT " .." " " 

(, (IL l 'I (ll I -38' " " .- ' .~ .. " " ., II "' ;{, 0," J, " ". ()I:. ''-;,'(117 I I , " "" " ---
(;: ,'~ I, f " ~. c v) "1I~l1I1L o/(~/r ,',' " 4SNMRllb/fJ.>-":, ',. : 1.OI,<;,ll1''l ..L--- -If ,,~ €Cl'J" 1/ ",. .- I 'tlo''..1 _? ,1\ IIJt:jU.f.,r;~) :~? "(It:~~;1·.. ·: '7" - i -s~.Jl.!J ..J.. R. 1.iJ;;'rJ I";1In177 

t AI, 1mc ?,:•• ....... "'LL-K~ /.3.'9

" 

. 
.. 

... .. -, ,".-, .... ". .:, ~. ... ., 1. n ., I •• , ... ~, ~v,~"... 

CEILING;. I) J .' " 

VISiB; .v~ 

PILOT: J u l. +/ (.~ VI" ~ 

COPlf.aT: ,;:,,~ ·1·1:'I.f·':··~,· :~p. 

() I\SF!< V EHS: r-,. '-- ~'l',\'n )::r 

l '" .... 
, 

v' 

, 

3THACI( II I 2 
- •... ..SrGNA L 1I0NEYWELL N 'I< 

. 
"y SIGNALSTRIP REC II 

. \ IJ \,1 f"., (1' ~ 

lJ- 't./,l /.,IJI.·j'"/J,'I,IVo.- or ( E'-"_ O.P. \.~• - {... ~ '. ,.1
I~' r'l t' I''''' IJI 

5
~ ~,"~::;;~

=Et=j 
,H'I,. ffhl., 'l. 

I. \ ~,' J 

I \~ ........ ,"... ...~ ~ ........... - - - - • - - - ......
 

" ourtOJ"O 'Oll@ snt tY-J c..'I'l'.»OtU>TU"l- ./,< "0\':11"," (.rlt'Arll1tntl1''''I;''Vt.~HIt·ik['''FLIl.:&«'0 "v.,
f-ut&~ l~O t:'L- , ....f~~<.~~A·~1.;) ~ . 



N 19 AIRBORNE DATA
 
Flight Date 121 2/77 System 1
 

JFK International Hlrport, Hew York

• 

ML5 Elevation Bia3" 15.0 Deg 0.40 Deg/Div
 
I '" 
'" 

~ 

. 
" 

(;'. 
:1 

r 
~ 

~,- .. 
~l~ ~zi.'"u~h, ~i~~~ ,0',0 pel! , ~.~0 ,De,9"pl':1 ,5~ar;t ,n,me, ~:?3:2~ , 

Elap~ed Time In Second3 S.F." 10 sec 

, , 



,• • 

tl 49 AIRBORNE DATA
 
Flight Date 121 2177 System 1
 

JF~ International Airport. New York
 

MlS Elevetion Bia~' 15.0 Deg 0.40 Deg/Dlv 

j".~. 

~ ,~ 

I ""
 
'" 

~ 

!_-_ .. 

~~~. ~zi.lllu~h. ~i~S~ ,0,,0 pe~ . ~.~0 ,De,glpiy ,5~e~t ,Tl,me, ~:~5:1~ , 
Elapsed Tillie In 5econd~ 5.F.· 10 sec 



N 49 AIRBORNE DATA
 
Flight Date 121 2177 System 1
 

JFK International Airport, New York
 

MLS Elevation 8i8$0 12.O Deg O.40 Deg/Div 
--- . 

•'"• 
~ 

.\ 

f"'\ ,,
\., • 

• \ ;'"~ 
\ jI /

V \ ! 
\ , I1 

i , 
~"-" -


P!L~ A:Zi,lIIu~h, ~i~~~ ,0',0 pelf , ~.~0 ,De,glpi,:, ,S~8~t ,H,lIIe, ~:~7;3~ ,
 
Elap~ed Time In Second~ S.F. 0 10 sec
 

'.
 



, , 

Ii 49 AIRBORtiE DATA
 
Flight Date 12/ 2177 SY5tem 1
 

JFK International Alrport, New York
 
• __ll 

MLS Elevation Bia~' 12.0 Deg. 0.40 Deg/Dlv 

'", 
'" 

, 
" ,3·, 

t 

I 
I 

~L~ ~zi,mu~h, ~i~~~ 3.8',0 ~ea , ~.~0 .oe,g/pi~ . S~a~t ,Tl,me, ~:. 0:5~ , 
Elapsed Time In Seconds 5.F.· 10 ~ec 



N ~9 AIRBORNE DATA
 
Fllght Date 12/ 2/77 S~5tem 1
 

JFK Internatlonal Airport.-Hew York
 
II_nl~1 

[ =-----
--_ .. - 

MLS Elevation Bia~' 6.0 Deg 0.40 Deg/Div 

I '"
 a-

Vi 
~~ . 

\ ._:1

~L~ A,zi,mu~h,	 ~i~3~ ~8 ..0 pep , ~.~0 .DeW'Pi,! . Sta~t ,Ti,me, ~:~4:4~ , 
Elap5ed Tlme In Second5 S.F.· 10 sec• 



, , 

N 49 AIRBORNE DATA 
Flight Date 12/ 2/77 SH5tem 1 

JFK International Airport. New York 
-- ...,...1------- 

MLS Elevation Bia5" 9.0 Deg 0.40 Deg/Div 
/-\

I 
'~

~/
. 

'. 

.,.
 
I ..... 

ryL~ ~zi,llIu~h. ~i~.5~-~8 •.0 Pe9 . ~.~0 ,oe,g/piy ,S~ar:t ,Tl,me, ~:10:1~
 
Elap.5ed Tillie In Second.5 S.F.· 10 5ec
 



N 49 AIRBORNE DATA
 
Flight Date 121 2177 Syslem 1
 

JFK Internationa l Airport, Ne~1 York
 

• MLS Elevation Bias' 9.0 Deg 0.40 Deg/Div 

t" 
I 
00 

,,r., ,.;~ 
r' "~ ..,.. 

"i ' 

ryL~ ~zi,mu~h, ~i~s~-~8',0 pel! ~.~O peW'Pi:, ,S~al:l ,Ti,me ?:~3~2~I 

Elapsed 11me In Seconds S.F. = 10 sec 



--------

• 
I 

N 49 AIRBORNE DATA
 
Flight Dale 121 2177 System 1
 

JFt.: International Airport, flew York
• 
• ........ ._ • _,_•• .•,-'--------'-_. ll'." "_
 

\ , 
\ 
\ 
\ .. ] . \ 

":-:. \ 
MlS Elevation Bias' 15.0 Deg 0.20 Deg/Div
 

'",.., 

~L~ ~Zi,IIIU~h, ~i~s~ ,0,,0 pI'\! ,1~.~0 ,oe,glpi';J ,S~al;t ,H,me, ?:~0:4~ 

Elapsed Time In Seconds S.F.· 10 sec 



N 49 AIRBORNE DATA
 
Flighl Dale 12/ 2/77 S~5lem 1
 

JFK Inlernalional Airporl, New York
 

i 
I 

I 

L /? 
MLS Elevalion Bia5" 14.0 Deg 0.20 Deg/Div 

td, 
~ 
o 

~L~ ~zi~u~h, ~i~5~ !0.~ ~e2 .1~.~0 .De~/~iy .S~a~l ,Ti~e, ?:18:3~ 
Elap5ed Time In Second5 S.F.· 10 5ec 

I 



------ ----

,•
 

~.. '.. i.··.~u ,
DIITE 1::J...-.S--77 

IIIRlIOIlNE DIITA LOG FLIGHT N :'':';:t)~' - 07<:'0
A~c.lX'e#).:te. WI1Jrf A'i!:. c:. H;I)I'J""ffl /30 

:TFK. AIRCRIIFT N tt./Yg (c."'s3t::,M LS PHIISE III B~V/j,)( a''J.rI(:' N~"'~,1JO~.tJ e,
SYSTEM UNDEll TEST ; '- OnNI) /)/Y;ir 1Rlt'i)/IZ.50 .RUNWAY II 13L 

. 'TEST PLIIN TABLE II LL"V.·l1..I:"JO~I-.I/~.{ \'Ot-~ 
: PATTERN H I _ ,,,a,,,;Qr/;., t. OA!JI7':f 

SYSTEM N llECEIVEll N CONT Jn;AIl /I 
IO()I P/o2. 

2 -'---' 

GD (;2) ~ 
f-o 

EL 2 13!( II ZGllOUND EQUIPMENT: -  - JNTEl\r'II(lJME IIII IR BORNE EQUIPMENT. :~ 1/ J1\7j
72. .':'.1/,' it/01 'Y .!\.!
---'--._..-- ..'.-_- l)~lWIN 0: 0 ~.~) a @..7 J<:,,.Jar3, 

/))t'J:)/_"L ? ?o() c(
 

CEILING: .Ht.n:J / ot.-~;~r...,..rr
 
TF.MP,: 33°F KENNEDY' PSN 7 Y50-1l'/]I- -2.'117 

3 4TIllleK If 1 2, 
V 15111< 10 NIr} HONEYWELL * 0-9 .';rCNAL - - " 
PI LOT: J; t::: V,eJr... STllJP llEC U 1'//,~ 

-'"'1'[' f
- , . - .-. _. SIGNAL --

""•

COPILOT: Po /) Vi: R
_., OnSI-:llVEIlS: {'1}. "'LOTk!')) r. 1-0 GUC) t:, .72, ,~/".".~/<i --,/#,."310
 

4......1........1....... ..I
 
I(UI\: IJU-'}" l'lLI TIMES' U 1~:t\IH TIn~ LJ\5l l 

'I /I II EDI DESCRIPTION liND COMMENTS..... " ;TIIIlT STOP ,~..... 
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N 49 AIRBORNE DATA
 
Flight Dat~ 121 5177 SY5tem 1
 

JFK International Airport, New York
 

MLS Elevation Bia5" 10.0 Deg 0.40 Deg/Div 
I '" .... 
'" 

f\ 
! \ ...,.".' 

~ 
'f 
:i 

j' • ." 

ryL~ ~Z1,IIIU~h, ~i~5~ ,0',0 pe~ , ~. ~0 ,De,glpi~ ,S~a~t ,Ti,me, ?l, 0! 1~ , 
Elap5ed Time In Second5 S.F.· 10 5ec 

, , 
• 



,•
 

N 49 AIRBORNE DATA
 
Flight Dale 121 5/77· 5Y5lem 1
 

JFK Inlernalional Airporl. New York
 
______________________1__1+111--

------ .... 
MLS Elevalion Bia5" 10.0 Deg 0.50 Deg/Div 

'", ..... 
w 

1'\
J i 

,. 
I, 

, 

f')L~ ~zi,mu~h,	 ~i~5~ ,0',0 Pe9 , ~.~0 ,De,g/p1y ,5~a~l ,Tt,me ?:~1:2~ , 
Elap5ed Time In 5econd5 5.F." 10 5ec 



N 49 AIRBORNE DATA
 
Flight Date 12/ 5/77 System 1
 

JFK Internatlonal Airport, New York
 

---_.. 

ML5 Elevation Bias- 10.0 Deg 0.50 Deg/Div 
I '" .... 
~ 

r .....• •
ir~~~

I 
! "\ 

\ rI :~ t 
j .. ; 

, I \, 
~ .' V:; ....... )


~", l~: \/ " I,
• ... .r Y \i ; 

iI V !/ l 
,I i, 

'-- 

~L~ ~Zi~u~h, ~i~5~ ~8.~ pe~ , ~.~5 ,De~/piy ,S~a~t?Ti~e, ~:?5:2~ , 
Elapsed Time In Second~ S.F.· 10 5ec 

•
 



-----

~L~ A.zi,rnu~h ~i~5~ 3,8',0 ?e~ , ~,~5 ,De,gl?ly ,S~a~l,Ti,rrte, ~:~5:1~ , 
Elapsed Time In 5econd~ 5.F.: 10 sec 

I '"
 ..... 
'" 

"- ---- . 
MLS Elevalion Bla~' 10.0 Deg 0.50 Deg/Div 

r ....,. \ 
l \
f , 

" 
• 

i -WI.t" '. I,. \~ _r.. i
T 

I \ 
I 'I • '. r ... , I 1 

f \, I .. / '\"" i
! 
I; ~ 

I\It . , ,. .... 
,1 \ t, " ".'. '. , 'i 

I \.}
I .,;, 

1.

N 49 AIRBORNE DATA
 
Flight Dale 121 5177 SY5lem 1
 

JFK Inlernalional Alrporl. New York
 
.11_.,-+'-+-1-



N 49 AIRBORNE DATA
 
Flighl Dale 12/ 5/77 Syslem 1
 

JFK Inlernalional Airporl. Hew York
 

ML5 Elevalion Bia5" 10.0 Deg 0.50 Deg/Div
 

'", ..... 
a

• :.'~ 

rJ'i.. 
; 
~ ,

l,.. • 
""I

'I'
..:

/ 
~L~ ~zi~u~h, ~i~5~-~8.~ pe~ , ~.~0 ,De~/pi~ ,S~a~l ,Ti~e, ~:~5:2~ ,
 

Elap5ed Time In Second5 S.F. = 10 sec
 

•
 



,
 

H 49 kIRBORNE DAT~
 
Flight Date 121 5177 SW3tem 1
 

JFK International ~lrport, New Y0rk
 

MlS Elevation Bia5" 10.0 Deg 0.50 Deg/Div 

'".... , .... 

\ 
f'r:: -.

rr" 

~l~ ~::i,mu.th, ~i~5~-~8.0 pe~ ~.~0 ,De,g/pi~' oS~a~t H,me, ?:~7:1~ .0 

Elap5ed Time In Second5 S.F. = 105ec 



N 49 AIRBORNE DATA
 
Flight Date 12/ 5/77 System 1
 

JF~ International A!rport. New York
 
•• , I " .1' 

.~ 

MLS Elevation Bias" 10.O Deg O.20 Deg/Div 

l'" ... 
0> 

.,-- 

~L5 ~zi,mu,th, ~i~s~ ,0,,0 Pe9 , 1~.~0 ,De,!J/p!~ ,S~a~t ,Ti,me, ~:, 5; 1~ ,
 
Elapsed Time In Seconds S.F. = 10 sec
 

,
 



• 

H 49 AIRBORliE Df1TA
 
Flight Date 12/ 5177 Sy~tem 1
 

JFK International Airport, Hew York
 

r .........- 

MLS Elevation Bla~= 12.0 Deg 0.20 Deg/Div 

'"• 
~ 

'" 

~L~ ~zi,mu~h, ~i~~~ ,0.,0 pe~ ,1~.~0 ,De,glpiy ,5~ar:t. ,H,me ~:~2:4~ , 
Elapged Time In 5econdg 5.F.· 10 sec 



N 49 AIRBORNE DATA
 
Flight Date 12/ 5177 S~~tem 1
 

JFK International Airport, Hew York
 

? 

-, ~ 

MLS Elevation Bia~' 13.0 Deg 0.20 Deg/Div 

'", 
'" o 

ryL~~zi,IIIU~h, ~i~s~ ,0',0 .oe~ ,1~.~0 ,De,g/,Di~ ,S~a~t. ,Ti,me, ~:?2:1~ / 
Elapsed Time In SecondJ S.F.· 10 sec 

•
• 



• 

N 49 AIRBORNE DATA
 
Flight Date 12/ 5177 System 1
 

JFK International Airport, New York
 

I
 
1
 I
 

MLS Elevation Bia~· 14.0 Deg 0.20 Deg/Div 

'" I.., 
'""" 

~L~ ~z1!1'u~h, ~i~.$~ ,0',0 pe~ , 1~.~0 !De,g/Pi~ ,S~a~t ,Ti,me, ~:?3:2~ ,
 
Elap~ed Time In Second~ S.F.· 10 ~ec
 



N 49 AIRBORNE DATA
 
Flight Date 121 5177 5y~tem 1
 

JFK International Airport, Hew York
 

" 

MLS Elevation Bias· 14.0 Deg 0.20 Deg/Div
 

'"• ~ 
~ 

'--. 

ryl~ ~zi,mu~h! ~i~s~!0.!0 pe@ ,1~.~0 ,De,glpiy !5~a~t ,Ti,me ?:~5:5~ . 
Elapsed Time.In 5econd~ S.F.· 10 ~ec 

, 
• 



• ,
 

N49 AIRBORNE DATA
 
Flighl Dale 121 5177 SY5lem 1
 

JFK Internalional Airport, New York
 
• MI'" . II 

/ 
~L5 Elevation 8ia5· 5.0 Deg 0.20 Deg/Div 

'"• 
~..., 

"'v......,
(\

\ 
il~ 

/ 
\.v-J " 

\
". I 

~l~ ~zi~u~h, ~i~5~ ~8.~ peg , ~.~0 ,D~gIP1y ,5~a~t ,Ti~e, ~:16:1~ ,
 
Etap5ed Time In Second' S.F.· 10 5ec
 

i 



N49 AIRBORNE DATA 
Flight Date 121 5177 System 1 

JFK International Airport, New York 
I • IN.. ' . 

/ 
~ 

MlS Elevation Bia~' 6.0 Deg 0.20 Deg/Div 

'",..,•
~ 

\~V I~, 

~L~ ~zi,mu~h, ~i~~~ ~8 ',0 pep , ~. ~0 ,De,glpi,! ,5~a~t ,H,me, ?: ~9: 1~ , 
Elapsed Time In Sec~nds 5.F.· 10 sec 

•, " 



--

, , 
, ' 

_. ',>.. PJ~GE ,r- 

DATE ·l;)\\3127
"IR nORNF. DATA LOG ., FLIGHT B ; 

,-,-~--
MI..') PHASE III AIRCRAFT e : i \ }I, ) 

-~ 
SYSTEM UNDER TEST : t,llI, ti~1\·\~), '~\RUNWAY,: \?,L tf\:--t0 

( " \ .., , ~ 
"'T~T PLAN TABLE I ___ ~ :::;-"\': (\)1\<;\,--)("\" I. i)',) -IJ (\7'1 "/\In.I ,,,- ~./.~'." (J:.J.\ . • . t t

": PATTERN' \ 1I ,. . I\'; -,) ~ i 
-~, . "' , n". GROUND EQUIPMENT, ( liZ) ( Ed --EL Z- ( DME) Ill< AZ ,J'j

RECEIVER q CONT I1F:AD Ii DME IISYSTEM' INTEHF"':"; II.A I1WORNE EQUIPMENT, 
I 1\()(l/ln.7-'l-o .. ; II \~'.:=c\nhl",<: I \() \ 
zwrNn:~:l,.~/) "~~5. I . ~~ TEM P _: ::~I\ <' r l.~-,_L} .. ", '. ') : '" " .... : \ ''''
 

CEILING: h 0. >..\. I
 THACl< II 1 2 

SIGNA L 1.1\1'>.. TI!.f! 
-----~" 

SlCNl\L--_..._. 

3 4 5 

~ 

=q=q',j'
VISlfi: \.'l.i·l),;\ l~-' '- h ;~J• 

• i i -
PILOT: B-!.;Il~~ ~J~ • 

' _=:j=LJ 
COI'II.OT:,l, \ I. 't·t\:.\ \ ). I
 
onSF:IlVF.llS'\': ,1<}i~';C . ,::T.~,ll'w(\rl \ C,~, tw .:1/.1
'1l1Jl·; 11,ll'TILI TIMfo:S ii-',:lIlllliii,i lA'iI' i.."-'-=----------'
 I'"..,• o H •. :;:rJlli'T" 51'01-'- F.Dr DESCUII'TION AND COMMENTS _ 

U> 

-.L ~ _, 15M5j) ,.6:tlI5 ~ _ T «31'1' lew/e) flc[!Q:..... {l'I'i:...At <,-,,-).-,--'-----1- __ 
i:!.. ---L .•2. ~S(I::N.5:. (';;l/.IQ -1-- --...: --. .::- ~\\,-._,J!._'--'---"%_'.'L.,jL_'/t)lr~J.\l"r:LUC\,L,.,LII IlL 
~, I ''\ C~';52< :',J;!i.:() L -- ..-, '.: h.'fAl- o.-!tf,IT \",J', {'l.:.\ 1'", ')'1'" "", " pc~ ... .. ,''';;' _ ~~~];ti~~:=-\t 3\ii~c', ,';-,;-.- __ ( ~ -_'-_-1\- (-\/,ii);,5-Dt!-'7i')-.-~<J-=~ -=- ".~;-:- ; f_,

3., _'_c.!i., :l(....~,;(l() Cl(:':i2Ifl __L :.;:::. ";j:~ __'/_ --.-:\,O----.J--.I~\._-...-i~"\.I"" , " ' .._ j
t. _1_.Jc. Gfrq~ I~~ ~lill.:1 , .:.-::. ~1:~ __,\ .. L3eL~~~CJU.I':·(.U:~rJe.Jq:}, \', .,]1__ , "'01 

__'_l2:LD..La..s. (J~S.L1. _1.'i.::::':" = __::~:. __ !!_...: __. .._,.I'~'vLJil~'~'_,_,_ulti(i::J~----_ 

~ - -- ' _=-:::: ~= =~: == ~-.~ ~,~J~'l!:kio,,) _'~Cli;:Jj~_~,~" L'll.'1;:;- . _ . _..._'__. 
_ __ _.______. - ---- --- Jl':;~....Lq'" 1''-''- _( L.-JL1J. "':"-,cI.:"-'.l!L:L.J.~I... , 

I I I--~ --1--------1-----1----1--1---1-- -.--.---- - -----..:---- 
r-----t--I--j---~---·'-l---I---!-"I' '-----.-- .----. -.--- - -..---.
J-+--i--I ~-- ~-- ..~.-- -_. .----~_ ..-_._.,--_..--- ---.- -------.-- ------ 
1-----1 . I I , I-{---·I--·l---I ---------.....-.--------, 



N49 AIRBORNE DATA 
Flighl Dale 12/13/77 System 1 

JFK International Airport, New York 
. Vi! • ..l.·! .1 

!::! 1".'~. 
MLS Elevation Bias" 5.0 Deg 0.25 Deg/D1v 

'"•
'" '" 

\,, 
\ 

\ 
\ 

ryL~ ~n~u~h, ~i~~~-~8.,0 pe@ ~. ~0 ,De,g/p1~ ,S~a~t ,H,me, ~:?9:5~ ,! 

Elapsed Time In Seconds S.F.· 10 sec 



,l • , 

N 49 AIRBORNE DATA 
Flighl Dale 12/13/77 Syslem 1 

JFK Inlernalional Airporl, New York 
WNla.l._.I..&t...- It _ •••• _'. II... 

, ,,,/".
 
\\.1""'" ': ""..... .
 
_&- ••._- _.- 

ML5 Elevalion Bias· 5.0 Deg 0.25 Deg/Div 
,------ , 
I'"...•..... ( 

Ai 

f
: 
r; 

;J!~i(: 

~'" \VJ 

ryL~ ~zi!'lu~h, ~i~s~-~8.,0 pe~ , ~.~0 ,De,g/pi';' !S~a\l ,n,me ~:~3:4~ 

Elap5ed Time In Seconds S.F.· 10 sec 



N49 AIRBORNE DATA
 
Flight Date 12/13/77 5y~tem 1
 

JFK International Airport, Hew York
 

··'1', 

co, 
N
00 

MLS Elevation Biaa a 7.0 Deg 0.20 DDg/Div 

• 
..-

~L~ ~Zi,IIIU~h, ~i~a~ ,0',0 P"@ ,1~.~0 ,De.g/piy ,S~a~t ,Ti,lIe, ~:~5:4~ ,
 
Elapsed Time In Seeonda S.F.· 10 gee
 

,
 



• , 

N 49 AIRBORNE DATA
 
Flight Date 12/13/77 SY5tem 1
 

JFK International Airport, New York
 

MLS Elevation 8i<l5" 3.0 Deg 0.25 Deg/Div 

'", ~ 

I 

'" 
\
\ 

/"'-\ i

,I

I 
,\ \ I

; 

I  \ I \ / "" 

\ I , / 
ryL~ ~ti,IIIU.~h, ~i~5~ :0,,0 pe~ , ~.~0 ,De,glply ,S~a~t,Ti,me, ?:~2~2~ ,
 

Elap5ed Time In Second5 S.F." 10 5ec
 



N 49 AIRBORNE DATA
 
Flight Date 12/13/77 Sy~tem 1
 

JFK Intel'nllticnlll Airport, New York
 

MLS Elevation Bia~' 4,g Dog 0.3g Deg/Div 

'", U> 
o 

~ , 
i 

~L~ ~zi~u~h, ~i~~~ ,0.~ pe~ , ~.~0 ,D~g/Piy ,S~a~t ,Ti~e ~:?8: ~ , 
Elap~ed Time In Second~ S.F.· 10 sec 

..' , 4 



~, {," 

N 49 AIRBORNE DATA
 
Flight Date 12/13/77 Sy~tem 1
 

JFK International Airport. New York
 

j I . 

...._ - - 

txl 
I .... 
~ 

ML5 Elevation Bia5- 4.0 Deg 0.25 Deg/D1v 

I 
~ 

ryL~ ~zi~u~h, ~1~5~ ~8.~ pe~ ~.~0 ,De~/p1~ ,S~a~t ,T1~e! ~:~8:1~I I 

Elap5ed Time In Second5 S.F.· 10 5ec 



N 49 AIRBORNE DATA
 
Flighl Dale 12/13/77 S~slem 1
 

JFK Inlernational Airporl, New York
 
I I lila I Ill MIII.. = 

J
 
~ 

....." _ "."--'._----
MlS Elevalion Bias' 5.0 Deg 0.25 Deg/Div 

, ?ttl ..,I

'" ~ 
I 

~L~~zi,mu~h, ~i~s~ ~8.,0 pe?, ~.~0,De,g/pi~ ,S~a~l,Ti,me, ?:,1;3~ ,
 
Elapsed Time In Seconds S.F.· 10 sec
 



- -
- - -- - -

, • , • 

~ 'J\t.....d:':-.., ...~ 

DATE :,\~WJl
 
Am"oRNI-; DflTA LOG FLIGHT II
=TFK..
1.11..5 PlJASE III AIRCRAFT' ~-\OC ..,_,

SYSTEM UNDER TEST 1~J&lbJB.'-l t:;\RUljWAY N : -'~I-.~--'
 
TEST PLflN TADLE ,
 

/ : ~ ::rFK. lD~lI~",t\Ve kt-b.. l~~ i 
PATTERN D F':.1 

GIlOUND EQUIPMENT, AZ 
INl'EHF/,CIDME /II. IR /JORNE EQUIPMENT, -- .H!:,,§,Ii I,' --,~, I,\01 ::I!:LHdaZ " ----- 't-: WIND: oG.o@5 

(AZ) (EL EL Z 
I\ECI';IV~:R 

(D!'19 m~ 
H CONT In;fllliiSYSTEM 1r 

I 1'>010" \olD "Se!-2 
. -- a....;.'._-,

Tf;MP.: -~'t-.f' "-p 11\-50 NI1t Ol'ln 
CULIIIG: .'.;lUl-
V IS rr.: U!)L- 

r';[/lT:~\.TJu.kex' 1+ 
(;1)1'1[.01', G.. \...oJ.',\~~<!.ccv. 
OJlSf:HVERS: N\(lLKLII.. ,kv1ll.C

(1 7 f':.,.ZTil A <:1< I: _l..... 
jf(jNAI. _..  ._.__ cl", ._ .-ffi~-.-.-_-.- "-- -_.-- Vih,

~"'/"--=- ~.:: --=- .~-
';Ji~H/\L .-. .--- .__.... -- - --- ~ 

---~ 

'"• 
'" '" 

~ 1;\~l-'Ti.J 1'lIvll':,5 "-;""'11-'-',·:1\"-1"'1'\-f/ii'l I.1\S1 T---------.· 
II II II ;TAR1' STOP EDI- DE:jCIlJl''J'ION ANn COMMI':NTS 

~~ , _.'-- ~'0~O" ~~~ _'_ -== --_~_ A~\cmL!f.Y.Er~0~U::!"~', -------"----------1 
f----~ _'__~_ OS()~ "''':il!:'o _,__ -=- --=- _~_ _ " . ,_H.__• ~_ ~'._~ _ 

3__'_ 3_ 0':;'(.'-<\0 9~~!E. __L =.. 1:._ r~'>.>::~~j,DDC(~S;cl{y!'l~~!L"'iU;L"--------
-A_~_ -1__ os~~to 06~l~Q _1-__==- --"=_. _~ _~,~;-._~_' I' ~
 
5' _l_j~ ~~t·~Gl'o~jH!! __!Fi.. -=__.:':..._~ ~:"';.~?:_~~~ ~~ ._. .._~~ .. _.- _
==.------ --..= -=·~l =~=. ~= I~S~Tr:i~.!,e(~~1~~·~~-.\~~;;-;;~~:~:~-1~2~=rsl~l'~Sg,C~: 
~ _ _ ._ = " s:k.\Ci.llJf£lL._.._. __._.J"I..l-L-7 .. _ 

§E33 
---~ --,------_.__.._-_.._---._-_.. 

EE
-§1·-·---·-~------- _. - . _. --- - -- --------------- . ==~-----_.- =~._.- ...------------.----------" _._-----~ 

1--1 I I I 1-1-1--1 I . 



N 49 AIRBORNE DATA
 
Flight Date 12/16/77 System 1
 

JFK International Airport, New York
 

",
MLS Elevation Bias" 5.O Deg O.20 Deg/Div 

....•..,.. 

\., 
\ 
I 

\, 
\

~)L~ ~zi,mu~h, ~i~s~ ,0,,0 Pe9 , ~.~0 ,De,g/piy ,S~a~t ,Ti,me ~:~9~ ~ ,
 
Elapsed Time In Seconds S.F.· 10 sec
 



N 49 AIRBORlIE DATA
 
Flighl Dale 12/16/77 Sy~tem 1
 

JFK International Alrporl, New York
 

=-_-----------:=,====:='1-------

MLS Elevation Bia~' 5.O Deg 0.25 Deg/Div 
co, 
'" <.n 

~l~ ~zi,mu~h,~i~s~ ,0"O peg , ~.~0 ,De,g/pi~ ,S~a~t ,h,lI1e, ~:, 8:5~ , 
Elapsed Time In Seconds S.F.· 10 ~ec 



N49 AIRBORNE DATA
 
Flight Date 12/16/77 5y~te. 1
 

JFK International Airport. New York
 
..... .. ....... "'M I.t' H ! ••
Ill. " ,_. 

tfY"""i !~oW"'" ;. 
, "~I 

... \ 

co 
I 

'"'a-

MLS Elevation B1a~' 3.0 Deg 0.25 Deg/D1v 

\
 
\
 

~L~ ~Zi~u~h, ~i~~~-~8.~ peV ~.~0 ,D~g/P1~ ,S~a~t ,Ti~e ~:~8:3~ ,I 

Elap~ed Time In Second~ S.F.· 10 ~ec 



N 49 AIRBORNE DATA
 
Fl!ghl Date 12/16/77 Syslem 1
 

JFK Inlernalional Airport, New York
 
~.... 'M -,M', __.. t .. t !! ! , !r • 

l\tt'f\~"~;'1"'i ' 

ML5 Elevalion Bias" 3.0 Deg 0.25 Deg/Div 

'"...,•
..... 

.I. 

'''''v' 

~L~ ~zi,mu~h, ~i~s~-~8',0 pe\J , ~.~0 ,De,glply ,5~a~t, ,Ti,nle, ~:?O:2~ , 
Etapsed Time In Seconds S.F.· 10 sec 



N 49 AIRBORNE DATA
 
Flighl Dale 12/16/77 5y~lem 1
 

JFK Inlernational Airporl, New York
 
I ,1111 1111... .... ', I 

J 

ML5 Elevalion Bia~' 3.0 Deg 0.25 Deg/Div 

,'".... 
00 

• 

.. 
, 

\ 
' 

~l~ ~zi,mu,lh, ~l~~~ ~8.,0 pe~ ~.~0 ,De,g/piy ,5~a~l ,H,me, ~:70:4~ ,I 

Elap3ed Time In Second5 S.F. ~ 10 ~ec 



• 

,- . 
I' 

~-. OATS r .l~\,1bl 
A IRDOIlNI'; DATA LOG ~ . FLIGHT n " 
M LS PlIASE 111 ~., A~ I . ~rK .., AIRCRAFT n I ~ . 

SYSTEM UNDER TEST I~~\-\.E.I .HUNWAY, I \~k"," 
'TEST PLAN TADLE , : \-TrK. CD\\.l~o.-,(tL+\"e. 't~o..- till '(U\\.'.> INrM t:U\hlMA~.~

PATTERN' 

GHOUNO EQUIPMENT, (Ai). tEI:1 EL 2 ~ BK AZ ' _ t~:4 
SYSTEM,.. RECE/VEIl N COOT IIEII/)/I DME II INTEltF1\CI·;./1 f:..II IR /lORNE EQUIPMENT. 

If>\-{ lOe> (0 loSe. (0 I W HQfi,'g;:C ~:. ~ 
WIN/), ol}o~'" r 2 r~}a 
1'l':MP.: ?,,'t-- KENNEDY N q-rRK qeoo WI'\) 1,\·150 -\l\'l. '}.< II ,,~,\ 
CEILING: .QI0L ~k.l. THACK II 1 2 3 1 OuR 71 ,.~ll. 
VISIn: 0/01_ HONEYWELL nll\ftC 6'.f-o~<0 :;IGNIII. - 1M;\> - N~=_JlJk - -=
PILOT: J:\.~3..l!."- STiliI' REC U \-..\,,+ U"'~t1 SIGNAL - - - - I- . - 
COPI LOT: :T. Tc-W,:\ . . ' _. I. . .,
 
OllSr-:RVI;I\S: c..N\(icbA., to. ~k." * ~~~ l- 0 lll-\.U.L1 We.CD",Je.v L\I\O~ '\kve.-*lw· __
 

, 1':" lil. 1',1·1·'1-'1/ I "lMES' n ;,:tI1Il l'Iil'J U\SI· t "'" • , • , -- ,DESCRIPTION AND COMMENTS<.> ./1 II N ;,,"n T :;1'01' EIH ~ _~ r:ili~!' . -1 ..'"' ~-I,,= 1_;'\'1-'1;+0 ~3!~Go \ - -)( t~LO oiliildt "('('D=:l\ill..Ml~QkJ\ F-[~'\Q.1Ii'!Q~l2lU 
1-- I 1- ~'l"l\'5 0'/:,3\:;\(; L - -......x <.'.L1). \I ,. " .. 

? \ _3 O\fi~loo~JJS2S'l -==- -=- 1(- ~~.IJ) ,I ~;[,r} ." ,~' 
4'1 _if-.=- P.':!~tl.?'5 9_'.1~! .. H'J I-!"- ...:::... -=-L_..s~Lo·" .!.'__ " .• " _ 
I-s ~...."-L..cAs'd5c:>5~CJ..:\':; \ ..:-...::... _-=- _lC;,_ C.(ld!.l__~_--ZP..(H~ ..t" " 

f.." l f.... Dt;.;\')~~~1, •.J !'/~:;D0·:!~:. ,\ -- -- ~ (~.tt)" Il .1 II 

J_-.c l ~~lr'>I~,= ;".s.fI1.o;;· \-f-::::: ~- _.);... ..:o."l!{\-f)..\!L~*(!l1d.lA'rOti....1Q.!JL'LJ.1)-\Jit:="i\--
..(';........ _L ..E',- (lQ..'U51_.. .0Ji~\..~...1'... _1_ ..=- =_....t·_ .__I'- ,~-...--. "T~l;;--J,-
h':L _~-cL~".:>1?1£ !!.'~ 'I ~l[':!.. F~ ==_ -= L, -T~\ .__. .' .. . "1(';1...~'" P.....:L 
J.~?- ~~_ .~~ __ \)r::;~~~l:~:'; <.:'~'~:~~~.1? _!__=~ .::.-"_ j,_ ._~-)_~ II "__..__ ~_.. _~' .__. II' h__ 

._•.••.\~ _~~~'L ~~::9.1~o_ ~.~.!l~~§ _! ~..~_ j;...__~~_._~. __.__._, .... R ••~__ ,_~_ 1\. " 

\'1. 2. "- C,~I...,r;5' Dr,.7.-1.1:1 t _....' - >: 1\ ~~. II II I, 

I~~ -r r-~~~~~ :~~~~I- ~. -~":-~~i~~-6Y}~~tb~F!1]:5-~~~~"~"'1\Vfp:t.1 ~1 ..i~.t~A 
"'",""- \4 "\v..~V\.c......t",.·c,.xo~sj, b~ I....uo- ! 

Aril::l.. "'- \...1"':.<:'12 PCf)(! C/ SJb".,;JiPti Hd")h7 

V!f
.I ",' 



N 49 AIRBORNE DATA
 
Flight Date 12/17/77 Sy~tem 1
 

JFK International Airport, New York
 
I ...' ,,'	 ••11 I 

./ 
MLS Elevation Bia~' 12.0 Deg 0.25 Deg/Div 

r:P, 
o 
~ 

---..... 

, - - .	 . 
~L~ ~zi,mu~h,	 ~i~~~ ,0',0 pe~ ,1~.~0 ,De,g/pi~ ,S~a~t ,Ti,lIIe, ~:?2:4~ , 

Elap~ed Time In 5econd~ 5.F.· 10 ~ec 



N 49 AIRBORNE DATA
 
Flight Date 12/17/77 Sy~tem 1
 

JFK Internatlonal Airport. ~ew York
 
,. "111. H 

/' 
~. 

MLS Elevation Bias' 12.0 Deg 0.25 Deg/Div
 

, '" 
-l'..... 

,, 

~l~ ~zi,mu~h, ~i~s~ ,0',0 peg , 1~.~0 ,De,glpi,:" , S~a~t ,Ti~e, ~:~1~1~ 

Elapsed Time In Seconds S.F. = 10 sec 



- -- ---

,'"

~ 

'" 

N 49 AIRBORNE DATA
 
Flight Dale 12/17/77 SY3lem 1
 

JFK Intern~tional Airporl. New York
 
Ll_-,	 I! 

\, 
'. 

., 

~ 

MLS Elevalion Bia~' 9.0 Deg 0.25 Deg/Div 

r --... 

~L~ ~Zi,mu,th,	 ~i~s~ ,0,,0 Pe9 , 1~.~0 ,De,g/piY ,S~a~l ,H,me, ~:~1: ~ 

Elapsed Time In Seconds S.F.· 10 sec 

I 

I 



---

N 49 AIRBORNE DATA
 
Fllghl Dale 12/17/77 Sy5lem 1
 

JFK Inlernalional Airporl. New York
 
._ '0 •• ,. _ 

MLS Elevalion Bia$" 10.O Deg 0.25 Deg/Div
 

,'"
~ ..., 

4:47:55~L~ ~zi.rnu~h, ~i~s~ ,0,,0 pe~ ,1~.00 ,De.glpi~ ,5~a~l .Ti"rne, 
Elapsed Time In 5econd~ 5.F.· 10 sec 



----

N 49 AIRBORNE DATA
 
Flight Date 12/17/77 Sy~tem 1
 

JFK InternatIonal AIrport. New York
 
._.....__._. ill.	 ,._ __ ._••_.__ , iii.	 • __ 

I'l-t.I...;,.,. 

MLS Elevation Bia5~ 6.O Deg 0.25 Deg/Div 
,'"...... 

.	 , . 
~L~ ~Zi~u~h,	 ~i~5~ ,0,,0 ~e9 ,1~.~0 ,De,g/~i:-, ,S~a~t ,Ti,me, ~:;;6;2~ , 

Elap~ed Time In Seconds S.F. = 10 sec 



N 49 HIRBORNE DATA
 
Flighl Dale 12/17/77 Syslem 1
 

JFK Inlernallonal Airport, New York
 
••__ .. .eM __w.. ._ II. "' 

\I\. 

.. y_~__V-
MLS Elevation 8i~s' 6.0 Deg O.25 Deg/Div 

tl1 
1 
~ 

'" 

~lL~ A.zi,mu~h, ~i~s~ ,0',0 pe~ ,1~.~0 ,De,9/piy ,S~a~t ,H,me, ?:, 3:2~ , 
Elapsed Time In Se~onds S.F. ~ 10 sec 



N 49 AIRBORNE DATA 
•	 Flighl Dale 12/17/77 S~slem 1 

JFK Inlernalional Airporl. New York 

-. ? 

j 

I 

ML5 EleYalion Bias" 3.O Deg 0.10 Deg/DiY
 

'", 
~ 
C7> 

ryL~ A,zi,mu,lh, ~l~S=, ,0',0 pe~ , ~.~0 ,De,glpi7' ,5~a~l ,H,me, ~I ~5: 1~ ,
 
Elapsed Time In Seconds S.F. = 10 sec
 

•
• 



N 49 AIRBORNE DATA
 
Flight Date 12/17/77 Sy~tem 1
 

JFK Internatlon31 AIrport. New Y0rk
 

,i 
..................~'
 

MLS Elevation Bias" 3.O Deg O.05 Deg/Div 

,'"
".. ..... 

ryL~ ~zi,mu~h, ~I~s~ ,0,,0 pe!J , ~.~0 ,oe,g/pi:-' ,S~a~t ,TI,m!, ~:?9: 1~ , 
Etap~ed Time In 5econd~ 5.F.· 10 sec 



N ~9 AIRBORNE DATA
 
Flight Date 12/17/77 S~~tem 1
 

JFK International Airport. New York
 

j 

,\ 

ttl, 
00 ""' 

MLS Elevation Bla~' 3.0 Deg 0.05 Deg/Div 

\- 
\
 
! 

~L~ A.zi~u~h, ~i~s~ ,0,,0 pe~ , ~. ~0 ,De,g/piY , S~a~t ,H,me, ?:~0:2~ , 
Elapsed TiMe In Second! S.F.· 10 sec 

• 
,. 



H 49 AIRBORNE DATA
 
Flighl Dale 12/17/77 S~slem 1
 

JFK Inlernaliona l Airporl, tlew 'fork
 

/ \\ I 
•l I 

~ I
/ 

ML5 Elevation Biag' 5.O Deg O.05 Deg/Div 
to, ..,.. 
'" 

\.~~
 

~L~ ~zi,mu,lh, ~i~g~ ,0',0 pel! , ~.~0 ,De,g/,DiY ,S~a~l ,Ti,me, ~:~2:1~ , 
Elapsed Time In Seconds S.F.· 10 sec 



H49 AIRBORHE DATA
 
Fllght Date 12/17/77 Sy~iem 1
 

JFK Internaiional Airpori, New York
 

\ 
!: 
~ 

MlS Elevaiion B1a~' 5.O Deg 0.05 Deg/Div 
co \, 
o'" 

i\ I 
I 

ryl~ A,zi,IIIU,ih, ~i~~~ ,0,,0 pel! ~.1,0 ,De,9/pi~' ,5~ar;i ,H,me, ~:, 7:5~ ,I 

Elap~ed Time In Second~ S.F. = 10 ~ec 

,
 



---

N 49 AIRBORNE DATA
 
Flight Date 12/17/77 System 1
 

JFK International Airport. New York
 

\.;
~,?' 

~ / 
/ 

MLS Elevalion Bias' 5.O Deg 0.05 Deg/Div 

,'" \.... '" 

\vJ\
 

~L~ ~zi,mu~h, ~i~s~ ,0',0 pe~ , ~.~0 ,De,g/piY ,S~a~l ,Ti,me, ?:~7:5~ 

Elapsed Time In Seconds S.F.· 10 sec 



N 49 AIRBORNE DATA
 
FlighL DaLe 12117/77 SysLem 1
 

JFK InLernaLional AlrporL, New York
 
.. ........	 .,..-...	 -- 

\. 

'- 
~t~ 

-------_.. _-
Ml5 ElevaLion 9ia5" 15.O Deg O.25 Deg/Div 

'", 
'" '" 

1ft	 1'1' •• 

~lL~ ~zl,mu~h,	 ~l~S~ ,0',0 .De~ .1~.~0 ,De,glpi:, ,S~a~L ,Ti,me ?:?6:2~ , 
Elapsed Time In Seconds S.F.· 10 sec 

,. ,	 ~ 



~ 

1 • "
 

N 49 AIRBORNE DATA
 
FLight Date 12/17/77 SY5tem 1
 

JFK International Airport, New York
 
,_e. _. , 

ML5 Elevation Bia5- 15.0 Deg 0.25 Deg/Div 

,'"
V>
 
U>
 

t:L~ ~2i!J1u~h, ~i~s=, ,0',0 pe~ ,1~.~0 ,De,glpiy ,S~a~t ,H,me, ?:?3; ~ .
 
Elapsed Time In Seconds S.F. = 10 sec
 



- -

---

--

I, .., .' 
DATE ':?~2:111

1\ lH Bonn. Dr. 'I'll LOG FLIGHT R ------- .:rA(
1.1l-S PHIISE III AlIlCRAFT R I .I~· 
SYSTEM UNDER TEST I ~P~ 1,1.JE\ .RUNWA,Y 0 ••J?I- -,..,.
 
'TEST PLAN TIIDLE U ~\\ nt~~ \...0....\1. (.dJlJ"'''o." ,
: _ _ ~-T'F~ G:M....~dYa.1-.ve. ~-\a ,,;:;,;PATTERN' 

l'!1 
• •• OJ •GHOllND EQUIPMENT, ·"'1 

II JIlIlOllNE EQUIPMENT, ;,t-;-u..... '...!.Nl'EIU'II(J::q : !'~.' 
-I '~I 1-nTI:£i1'~ "\t\l IV IN D: Dtf-o:~.<>
 

TF.MI'.: 51o~(-' J !,J) 2 I - ~~
 
CEIl .II·IG: 70=
 I 2 _3_ 4 _5_ -:~ 7 ~-~1
VJ~;ln: 1~V\w.i.. 1" - 'Nfl - M] - II.,.". - --HONEYWELL N~'IV,r~'~I -- ~ - ,..... - 
1'11.01': t'1.l)cc;.-T'-'t - ,, 

STRIP REC II -- - - - - ~- - 
COl'll.OT: R.I.-(U'~'P.Ad· 
OI:~;I,:nVEns: C.,"1liG"-.\1A. I U), \..LV\!" 
;(11': 1--il-n~;';-lI-,I;·--'-----=-T:-'-JrV-I-EL.S--- -r--:l I-''J\-I-ni'ilu I-J'l.-~l'·1 ---.- fl 

I '" II i/ II ,TiIllT ~qrol-;-IWl DESCRIPTION liND COMMENTS _ .,.'" 'j':J=.' +-l:-= iF~L'''!.D· ()~~1+O_P_ - --=- Clf) 51",.,,_\.. 'orool ol(\~D"':\lQld:~t<t1,-,--·-  I 
..._2.:- L -'_.c.L d+.£Q.~: ~l:B~:~(.> ',.. ..!... .-=-- .::._ :1:_ ,r('!P I,' " ~_ "J 1\ .. 
~.- ""- .., • I{ ,r'- 'K ,-- 

:L--'''?_r-!:--i.~s('>.lI£...riE72,_l_--=-_... ~:!!.L_~ __;~-...-~_ 1\ I, __ 
~L _'_ !c"" '2"::L'£'~IJi ~:c.~r!~. ,.L.== -=. -f- gi'(I\_~_ . ..:Jro()_...._~__ II II 

,1 ~!...... __,- _~~_ (~'~.!J'~.'...\J: fl(FL:.'~'~~:C __I :::. -=- -"C"- P-.\..IL__"_._...L\._,._.._~__ '\ It j 
t:. \ (0 t,,-~·.u.nr,· n~::1t'·;·.0. I - - ,.. 0.'..'-'0 II Snoo n " " --1-----'- --- -----1 -----.... -- -- ---- _ ..- -0- ....---- - .....----.---------- _ 

_.1- _.J.._ ..:1 __ P:·~:t~\. '?!.) nr;)~.!: '::L _,_ .::-. _= _.'6. .~ ~ '! ,_~_" .~. __.~ . .-!.t ...__] It :--r-+- II 

I-~'" _.\- .f·-.. ~T'_!.t.~:~, " (::,:~\~-:_~,r ,_' .. '::.: _.::::. J( -0 ('j-(..·y.L~- .. --~.\----~~.---~'--'--~4)CJ.!LV'---=~------
~, -1_ -'1- ,'~,,~. ","·c'''1 J'. ==. =='1 '" - '\'!L, "-_Y_+"-- ."'~ ~----' Jt' ,? !.._. (H.... I_I~E~rd Q':.'.!1!:'t. •. _~. :=-...::::__.K. ~~~-·(. ..._.!.D~\I·~'·f-:.\~J~'J-A.-IO.2-'I:,~A.~-~ I
 

.LL _P..~ .!!? L!Vl(·r," t<r2f:{~ ..9.. .::::.. -=__x.. _-:!:'::\'- ~_\_1 ~ '\ " _

f------ -- -_.---:- -- _.- --- -- --- . .._- .--.. --- 
.-----.  ---- 7M'£, ~ /l/)i) prM£.l!!JL.l.u. MA-31 0 :n }.-'" ;7 

,. .
• 

~ 



N 49 AIRBORNE DATA
 
Flight Date 12/22/77 System 1
 

JFK International Airport. New York
 

w.
 

MLS ElevatIon Bias- 5.0 Deg O.10 Deg/D1v
 

'", V> 
V> 

~L~ ~zi,mu~h, ~i~S~ ,0',0 pe~ ,1~.~0 ,De,g/pi~ ,S~a~t ,H,me, ~:16:2~ , 
_...- . . 

Elapsed Time In Seconds S.F.· 10 sec 



• N 49 AIRBORNE DATA
 
Flight Date 12/22/77 5Y5tem 1
 

JFK International Airport, New York
 
. , II...	 11_H" LL.__ ,U _.,i' • _. •••on_....... ..--.. __
'Nil. Ii' _ 

• 

', . 
.. "'.... I 

:,,~. 

MlS Elevation B1a3' 5.0 Deg 0.10 Deg/D1v 

'", U' 
a

_. ... - _... ..... 

.! N ., ' ..... , _
 

.-. -. _. iii ••••
 

~l,.~ ~Zi,IIU~h,	 ~i~3~ ,0',0 peV ,1~.~0 ,De,g/p1y ,S~a~t ,H,me, ~:~0: 1~ , 
Elap3ed Time In Seconds S.F.· 10 3ec 



N 49 AIRBORNE DATA
 
Flight Date' 12/22/77 SY5tem 1
 

JFK International Airport, New York
 

MLS Elevation Bia~' 5.O Deg O.10 Deg/Div 

to, 
IJ' ..... 

.~ 
~!L~ ~2i,mu~h, ~l~~~ ,0,,0 Pe9 ,1~.~e ,De,g/piy , S~a~t ,n,me, ~:~5: ~ , 

Elap5ed Time In Second~ S.F.· 10 ~ec 



N 49 AIRBORNE DATA
 
Flight Date 12/22/77 5y~tem 1
 

JF~ International AIrport, New York

_i. - .--- _____
 

MLS Elevation Bias' 5.O Deg O.10 Deg/Div
 

'", 
IX> '" 

,- 

ryL~ ~zi,mu,th ~i~S~ ,0,,0 ~ell ,1~.~0 ,De,g/~i:-' , S~a~t ,n,me, ~:?0~4~ , 
Elapsed Time In Seconds S.F.· 10 ~ec 



•
 

N 49 AIRBORNE DATA
 
Flighl Dale 12/22/77 Syslem 1
 

JFK Inlernalional Airporl, New York
 

\~. 

•
~

MLS Elevalion Bia~· 10.0 Deg 0.10 Deg/Dlv 

I '" 
'" "" 

--.... 

~-
r~L~ ~~i!1'u~h, ~i~s~ ,0',0 pe~ , 1~.~0 ,De,g/pi~ , 5~a~l ,Ti,me, ?l, 0:4~ ,
 

Elapsed TiMe In Seconds 5.F.· 10 sec
 



H 49 AIRBORHE DATA
 
FI1Qht Date 12/22/77 S~5tem 1
 

JFK International Airport, New York
 
I ••• ' '	 ! fill 

/
_/

,'"

:?> 

MLS Elevation Bia5' 9.0 Deg 0.10 Deg/Div
 

.. .	 .~. 

ryL5, ~zi,mu~h,	 ~i~5~ ,0',0 ~e!J ,1~.~0 ,De,g/~iy ,S~a~t ,Ti,me, ~:! 8:4~ , 
Elap5ed Time In Second5 S.F.' 105ec 

•
 



,.
 

H49 AIRBORNE DATA 
Flight Date 12/22/77 System 1 

JFK International Airport, Hew York 
I Wi " WI •••1 I 

../ 

. ';"'"• 
MLS Elevation Bia~' 12.O Deg O.20 Deg/Div 

to, 
a.... 

-.,~-

~!:~ ~~l,mu~h. ~1~5~ ,0,,0 pelf .1~.~0 ,De,g/pl,:, . S~a~t ,Tl,me ~:?0: ~ , 
Elap5ed Tlme In Second5 S.F.· 10 sec 

, 



N 49 AIRBORNE DATA 
Flighl Dale 12/22/77 S~~lem 1 

JFK Inlernalional Alrporl, New York 
f ........1._·'I ••_ ",.. .,_._ 

MLS Elevalion Bia~· 12.0 Deg 0.20 Deg/Div 

co 
I 

a
N 

,..

'--I; •••••	 _ 

~L~ ~:i~u~h.	 ~i~~~ ~.~ Pe9 .1~.~0 ,De~/pi~ ,S~a~t ,Ti~e, ~:?8:3~ " 
Elap~ed Time In Second~ S.F.· 10 ~ec 

,
 



•
 

N 49 AIRBORNE DATA
 
Flight Date 12/22/77 System 1
 

JFK Internatl~nal Airport, New York
 
..--• • __ • • 1 ' " .._-__• , I I 

'" 
'--

MlS Elevation Bia~' 12.0 Deg 0.20 Deg/Div
 

'"a>
, 

.... 

r .... 

....., 
~ ...... 

I • _ Wi 

~L~ ~7;i,,,,u~h, ~i~s~ ,0',0 Pell ,1~.~0 ,De,g/p1';1 ,S~ar:t ,H,lIIe, ~:~1:5~ , 
Elapsed T1me In Second~ S.F.· 10 sec 



N '19 AIRBORNE DATA
 
Flight Date 12/22/77 Sy~tem 1
 

JFk: Intet'nlltiona l Airport, New Vorl:
 

-- I - 'e" II • 

! 

MLS Elevation Bia~· 12.0 Deg 0.20 Deg/Div 

'", 0' 
~ 

~l~ ~zi,mu~h, ~i~~~ ,0,,0 ~e9 1~.~0 .De,g/pi~ ,S~a~t ,Tl,me, ~:~1 :1~ ,! 

Elapsed Time In Se€ond~ S.F.· 10 ~ec 

•
 



,'"a
U> 

? 

N 49 AIRBORNE DATA
 
Flight Dale 12/22/77 System 1
 

JFK International Airport, New York
 

Ml5 Elevation Bia5" 5.O Deg O.20 Deg/Div
 

i 

\ 
\ 
I T0 END OF rILE 

\ 
i 
i 

\ I\ 

ryL~ ~zi,mu~h, ~l~S~ ,0,,0 pe~ , ~.~0 ,De,g/piY ,S~a~t ,Ti,me, ?q4:5~,
 

Elapsed Time In Seconds S.F.· 10 sec
 



N 49 AIRBORNE DATA
 
Fllghl Dale 12/22/77 System 1
 

JFK International Airport, New York
 

i\ 

MlS Elevation Bia~· 3.0 Deg 0.20 Deg/Div 

,'"
a
a

ryl~ A,zi,mu~h, ~i~~~ ,0.,0 pe@ , ~.~0 ,De,glpiy ,5~a~t ,Ti,me, ~:~6: ~ . 
Elap~ed Time In Second~ S.t.· 10 ~ec 

,
• 



~~ '. ,- PAGE , 
DATE .' PA<.?4 tI177 

AII\BORNE DATA LOG FLIGHT' •
 
MLS PHASE III . _., AIRCRAFT' I 2Il-.,2~ .f ;
 
SYSTEM UNDER TEST I B/JW<>-Ij# J . RUNWAY , • 1St. J~K- c!' no ..
I't

.. 'TEST PLAN TABLE' I c~,,/~d 'P"f \. L • tr .L. (. • '.. 

1 PATTERN'. ' 2~r a=<~J ". 

GROUND EQUIPMENT. EL EL Z (DMEJ BK AZ ., 

-:'III\BORNE EQUIPMENT. RECEIVER * CONT HEAIH DME * INTI-:HFACJo: N J~ ".JI~ § nl~. r£... I 7°1 I 9 
I < I no" I PlOY I fOC, I I L . 
KENNEDY f 7'150 -IJAJ -;z'i17 . . 

HONEYWELL' --~ I~~~~~_I'I~ 

'" I 
a.... 

:;j'f / 1 1 I.tM<tJf. I-2.U(JcJ, 1 
.2. 1 :1 1.21718 InNJ.gl I 1_' -

J 1 J 1.10270'1 1~.lO.l.(" I 
'I.J I I 'I1/J37JS /lUI/O 1.5'-' 
.s~l:z. I 1 !T.3J.2.:tl 1/3~5"5' 1 

.. 't: ~ 

... 7 ..l 

..I~,~ 

--,:- IJ 38s, 1'J'II:f3 
3 135tSD 13:1802
'I !'ItJ7JO "'/lIp ~ 

I __ 

oS .  -

- SIGNAL . -- -- .. . -- -'- 

C .7.'.7-IEeSK.1 '.J: lthLl//\ 5'" I (/I.'~.""") 

DESCRIPTION AND COMMENTS
 

t/
 .c...I.n-p- ... it! ,'( ,'chPel' .. ) 1//; t, -I
.I' II n II (iff'! (I'/I,,,,w,ft \"I"'-;---t(," Jr. .. ..; .......
V , .r/ " '. I' (-1:,// d·.") 1,' ", 

"" -',",.'" A?/·J,J," ';t-tL"7' " ~ I""f~ l
" '--~r-v. " 

--}'·I 1)0 7'rfid"ino? ~n. J><-. 1.
 
u I L 6r(>~k. ;n d/aur rlNfa (run .c.l>
 

"u.1 d- 1/ II "{ruf} 1)
/I 

~ 1',., eo t<JdSf <t u...., 10 f" (;';6,N' /2-">'(1'77 



N42 AIRBORNE DATA
 
Flight Date 12/29/77 5Y$teM 1
 

JFK International Airport, New York
 
__ ...... __ •• .1...-", ", _ 

\'"
\ ,
 

MLS Elevation Offset-3 deg .65 deg/div 

'", 
'" 00 

~L~~Zi,Mu~h, ,O~f~e~.-!3e,D~g, ,5!d~g/!di:" ,S~a~t,Ti,lIe, ~2: ~:~1 ,
 
Elap$ed Time In Second$ S.F. - 10 $ec
 



,
 

N 42 AIRBORNE DATA
 
Flighl Dale 12/29/77 System 1
 

JFK International Airport. New York
 
.................. oil! II ", ! , I _ •
 

:,, •..."~'Ii·~ 

l~~~~; I 
" ,-' 

#; 
;~ 

.;:' '~l: i It" 
. 'f].! '~i\llljtJ 
,.~~ .,' . :~ ll~ :' 
:~.~ . ;r l 

MlS Elevalion Off~et'3 deg .05 deg/div 

'", 
'" -0 

I I 

r,IL~ ~2i,mu~h ,O~f~e~'-,30, D~g, ,5,de,g/,di;-', ,S~a~t ,Ti:ne, ~2:1?:~8.
 

Elapsed Time In Seconds S.F.· 10 sec
 



o '"
 .... 
o 

H 42 AIRBORNE DATA
 
Fllght Date 12/29/77 SY5te~ 1
 

JFK International Airport, New York
 

..  ~ 

~ 
f~" . ;~f,:'; I· 

. J '",Pl'!"

.~~.;t ~ ~ ;Af. . '. 

., . 

':i . 

MLS Elevation O{{~et·3 deg 

.-.- 

ryL~ ~Zi~u~ho	 . O~f~et... -.30. D~g ..5 .d~g/.di:-' , 0 S~a~t oTi,me, !2:2?: ,3 
0 

E\ap~ed Time In Second~ S.F.· 10 ~ec 



N 42 AIRBORNE DATA
 
Flight Date 12/29/77 S~~tem 1
 

JFK International Hirport, New York
 
_ .... ....___ ••_.' I " ,
 

._._ we ••• 

j; 'f.~. ~ . 
•.l.I~....{-,,{l 
''''1' . ti ': 

Ii 
'~I 

_ ;l' 
J " 

MLS E.levation Off set--3. de.g .05 deg/div 

'",..., ,... 

MLS Azimuth 'Offsel--39 Deg 5 deg/div start Time 12:37:3~. 
, !. I , ' , , ! ! • ! • • , , , ! ! ' ! ! , , , ! ! I , , I ! 

·Elapsed Time In Seconds S.F. - 10 sec 
. 



N 42 AIRBORNE DATA
 
Flighl Dale 12/29/77 SY5lem 1
 

JFK Inlernalional Airport. New York
 
_1 " •• __ • , ,. 'W .w... • BP'.' ",..-..._. - --.--. . 

T0 END OF FILE 
? 

~' ,
./~'fJ~;.; """."""W' " ~fI•., "If"" \ 

-'. . \ 
---:--

ML5 Elevalion Off~el'3 deg .05 deg/div 

'",... 
'" 

• , L-a. L __J,L.a _ u ...... _ ...... •• j •• ••u 

~L~ ~zi,mu~h, ,O~f~e~'-,30, D~g, ,5 ,d~g/,dl~, ,S~a~l ,Ti,me, P;2~:~5 , 
Elap3ed Time In Second3 S.F.· 10 3ec 

, < 

• 



•
• 

H 42 AIRBORNE DATA
 
Flight Date 12/29,'77 System 1
 

JFK International Airport, New York
 
11'"' ,,_.•• ,. ." T0 UlD OF FILEoM • '" .. ' ,,,,,, " 

? 
l 

. ,." L f .. ,
. /l~ i ;'f);. "; ,. 
; I!'l: t , . .".... . .A.• 

. {:.:- . ..tt. l~ .. .-, ~,~~;:. ::'~ . 
; 'j" ; ;>! .." ~. "":;';j ~ ....;L 

,-\'. ' ' ,;. '.~r,~...~~__::
~j 
':.·t·

ML5 Elevation . Offset-3 deg. .05 deg/div
 

'", ........, 

II" !.l -L_~_ • • '1 aI' 

MLS Azimuth 
, f , I • • 

Offset·-30 Deg 
! , , , "! I 

5 deg/div 
• I • I I! 

Start Time 
! " I 

13:38:SS 
\ t I ! , 

Elapsed Time In Seconds S.F. - 10 sec 



N42 AIRBORNE DATA 
Flight Date 12/29/77 System 1 

JFK International Hirport, Hew York 
...__• __ ._ 

• 
U I! I 

~.I ~. 

;'~i
t I' 

i ,'~rI.Lo'~.. 
',1!'I, '. . "~'!;./ "';" ":< l~"'i "~ 

... 4Ij :<..0' •
.it ,~ 
,~ ; 

~ " ~.. 

MLS Elevation Offset-3 deg .05 degl'i€ND OF FILE
 

'", .... 
~ 

? 

MLS AZlmuth Offset·-30 Deg 5 deg1div Start Time 13:54:49 
! , • I C • , I , , I • , ! • • , I It' I I • , • , , , ! , 

Elapsed Time In Seconds S.F.· 10 sec 

•
• 



•
 

N 42 AIRBORNE DATA
 
Flight Date 12/29/77 5y~tem 1
 

JFK International AIrport, Hew York
 
_____ 'LJL . ..L.....I.. "' I I! \ .Ill LA< H'. • .... . -~ 

I:..,	 
. ,.,/.', 

~ ,1$:; " /;,:: 
./~.::: ~ .. 

-
MLS Elevation orr~et·3 deg .05 deg/dlv T0 HI[) OF FILE 

'"•.... 
'" 

? -

• 
ry(~ ~2i~u~h.	 ,O~r~et:-,30, D~g, ,5,de,g/di:-" ,S~ar;t ,n,me, ~4; ?;~1, 

Elapsed Time In Seconds S.F.· 10 sec 



N 42 AIRBORNE DATA
 
Flight Date 12/29/77 System 2
 

JFK International Airport, Hew York
 

.~ ;_~5,;.,
 
~..A.!.. , .~.·.. tf;·~


.-r"':.I~" l·-~he~..:':t ,:,' ~
 
.'-;
 

;,'" \;ji'r:"f . 
;F-,' \ _. 
MlS Elevation Off~et'3 deg .05 deg/div 

'" I-.. 
'" 

MlS AZilluth Offset·-30 Deg 5 deg/div Start Tille 12: 8:11· 
• , , , ! • , • • ! , • ! I , ! , , I , ! I ! t I ! t , , I • 

Elapsed Time In Seconds S.f.· 10 sac 
. .. , 

•
 



N 42 AIRBORNE DATA 
Flight Date 12/29/77 Sy~tem 2 

JFK International Airport, ~ew York 
..eM _, !, • !II' " , .' _ '. 

::~~~. 
;.:k:~ j~ . 

.1'\," '
#:

, ! 

f ti. , ;) 
-oJ'r "~ 

i.~ 1. .~! ....-
; '... \'''W!p\' , ;it~ ~j;"{" ,:' 

~.... A: ,t 
'f/!' 

MlS Elevation Off,et'3 deg .~5 deg/div 
, 

I '" ..... ..... ~ 

ML5 AZimuth Offset'-30 Deg 5 deg/dlv Start Time 12:17:18 
! , , ! , , • • f , • ! ! I • , , I I , ! , ! " I ,,! 

Elapsed Time In Seconds S.F.: 10 sec 
. 



• • 

N 42 AIRBORNE DATA
 
Flight Date 12/29/77 Syslem 2
 

JFK International Airport, New York
 

~? 

j; ./ 
t ~,.tf 

. -;.'1: ~~~ 
".' . 

ttl, 
" CD 

MLS Elevation Offset-3 deg. tv 

~L;~.~Zi.IIIU.lh, ,O~f~et..-,30,D~g, .S,d,:g/,di~, ,S~a~t,Ti,me, ~2~2?:,3, 
Elapsed Tillie In Seconds S.F.· 10 sec 

, 

• 



N 42 AIRBORNE DATA
 
Flight Date 12/29/77 SY5tem 2
 

JFK InternatIonal AIrport, New York
 

,;,,~ /" 
. ~,~ .... ,~../ 

.~~ ~"r ;.' i'.~.. 
~! :: 

,l 
, 

l 
.• f" 

MLS Elevation Off~et'3 deg .05 delJ/div 

'" I .... 
<&> 

~L~ ~zi.mu~h, ,O~f~et,'-,30. D~g, ,5,de,g<di:-, ,5~ar:t ,n.me, ~2:3?:~4,
 
Elap5ed Time In 5econd~ 5.F.· 10 ~
 



---------

N42 AIRBORNE DATA
 
Flighl Dale 12/29/77 Sy~te~ 2
 

JFK lnlernational Airport, New York
 
_..._- ....------..- .. 

..¥~~, . 
lril';iI..S., ~ 

". • .~~_. ," t .. .'. 

---:---:-MLS Elevation Offset·3 deg. .05 deg/div 

'" I 
00 o 

ryL~ ~%i,lIIu~h" O~f~e~·-,30, D~g, ,5 ,de.g/,di~ , ,S~a,:t ,H,Me, ~3~2~;~5. 
Elap~ed Time In S~cond5 S.F.· 10 sec 

,. ,; 

'... 
" '.• .. , 



" • • 

N 42 AIRBORNE DATH
 
Flight Date 12/29/77 5y~tem 2
 

JFK International Airport. New York
 
__•• .> ...... ----' ------l--------------' 

•
I, 

!;':~ ',: ..,'
" ~",(lill, •
"~~p. ., .~'." ... ·rq;l."u.~ •. 

~.- """';~-'\;d,;:
:J' : .. \"', ' ,~\'r ;":.J".. ~ :1. :S"~'i(~-;'i~~;

fif' '., . "; "r",_~~' . . \
,~:r. ~
 
,~ , 

MLS Elevation Ofr~et=3 deg .05 deg/dlv 

OJ 
I 

(X) ..... 

~\.~ ~zi,mu~h, ,O~f~e~.-.30, D~g, ,S.d~g/.di~', ,5~a~t ,H,me, t3:3~:~S , 
Elap!ed Time In Second~ 5.F.· 10 ~ec 



N 42 AIRBORNE DATA
 
Flight Date 12/29/77 Sy~tem 2
 

JFK Internatlonal Airport. New York
 

. ~ i 
,~. ..

. ;ii ~ ..II '.. , ... u,' .·j..If'....·
 
'.• _ .1,,; ~." .fu."' 1-
>";jI. \ r:Wit .. 
~ ... ,. ,,' . I.'t'1!i'ih\"\i~' ! '. r;,j . I '.. : "-. 

d: ".' . ," . 
---::---=MLS Elevat.ion Off~et'3 deg .05 deg/div 

'" I 
00 
r-> 

~t.~~Zi,mu~h, ,O~f~e~·-,30, D~g. ,5 ,d~g/,di~, ,S~a~t ,Ti,me, :3;51:~9.
 
Elap~ed Time. In Second~ S.F.· 10 ~ec
 

, .
 



, 
, , , 

N 42 AIRBORNE DATA
 
Fl1ght Date 12/29/77 5y~tem 2
 

JFK International Airport, New York
 
- __ • ,.M _It. 

~. 

\ l ..<;j~H 
~ .1' ~;~ ~r 

w 

MLS Elevation Off~et'3 deg .05 deg/div 

'" I 
Q) 

'" 

~ 

~L~~Zi,mu~h, ,o~r~et:-,30, D~g, ,5 ,d~g/~l~, ,S~ar;t ,T1,lIe, ~4; ?:~1 , 
Elapsed Time In Second~ S,F,' 10 sec 



-----

DJI TF; r": _-ll~l1jl> 
!~IUl(>.!~~H: I)A TA LOG 
MLS PHASE Jll 
S~STEM UNDER TEST 
'1'ES1' PLJlN TJlDLE , 

, PJI TTEI\N , 

: GIIOUND EQUIPMENT. 

JlIH flORNE EQUIPMENT, 

W II-ID: .:1.\006 
TEMP.: 2.q 0 f' 
C1-:ILI..G: .Llld 
VISIIl: 10+ "\'\A.~ , 

PILOT:~. 1lec.t:0r 
COPILOT: R.~ll.lV' 

'"• 
~ 

FLIGHT" : .. 
.:fp\:. .'.. .Jl!.""1!:,AIHeRJlFT,:~f~~t (1,,;'::~:~f; '~. ~l Now.!-\. 'S ,,,&t, 

:fJ=lI'~
-==:1<$4

• 

,
• .' • 



•
 

H 49 AIRBORNE DATA 
Flight Date 1/ 4/78 System 1 

JFK International AIrport, New York 

__eM. '_ _. ... sf 
.ff

I ~/\ I/. . N'~

.!~ ~r\l~i 
Elevation - 3 deg. S.F •• 0.05 deg 

'\ 
? 

I "" CD 

'" 

ff 
sf .MLSAzimuth Off~et·-30 Deg S.F.·S Deg Start Time 12:52150 

, , ! " In..,.,!!, c"""'! 

Elapsed Time In Seconds S.F.· 10 sec 



N 49 AIRBORNE DATA
 
Flight Date 1/ 4/78 S~~tem 1
 

JFK International Airport, New York
 

~i···.. ·"..... rJ • 
;j"lt~ r~ 

Elevation - 3 deg. 5.F •• 0.05 deg 
, 

I '" IX> 
C1' 

. ~~ ·,MlS Azimuth orr~et.-30 Deg S.F.·S Deg Start Time 12:59:15 1 

, , I , , ! , " "",!,! ., • ' c! !" ,t 

Elapsed Time In Seconds S.F.· 10 sec I 
... '.. I 

• 
~ 

" 



•
 

H 49 AIRBORNE DATA
 
Flight Dale 1/ 4/78 Syslem 1
 

JFK Inlernalional Airporl, New York
 

FF _,. ,._~. _ _,
 

SFI ~ A t\·
 
i;~:; ""V \
 

Elevalion - 3 deg. S.F. - 0.05 deg 

I '" a> .... 

FF---,---,------------------- 
SFMLS AZilllulh . Offset..-30 Deg S.F.-S Deg Slarl Tillie 13: 6:.2 

! ." ., • I n' '!,!' '" I , , • t " , 

Elapsed Tillie In Seconds S.F.· 10 sec 



N 49 AIRBORNE DATA 
Flight Date 1/ 4/78 Sy~tem 1 

JFK International Airp.ort, New York 

rrC• a _ IV "" " ' •~ , 

. Jrn'iit4~ 
ElevJion'~ 3·'deg. 

. 
"\ S.F •• 0.05 deg 

I '" CD 
CD 

' 

Ant.ennaOmnl 

,tf 
6f ·"""M-l';';S-·-AZ-l-·II-U-t.-h--O-C~r ~-e-t-'---30-D-e-g--;-' -s-.-r-.'-5-P-eg---St-a-r-t-T-im-e--1-3-:-12 : 49 

, , , , t ", , , , , I , , , t , «. "....'" 

Elap~ed Tille In Second~ S.F.· 10 ~ec 
.;/ ".' ,," 

'>-' •• "' .... 

i 



,
 
•
 

N 49 AIRBORNE DATA
 
Flight Date 1/ 4/78 System 1
 

JFK International AIrport. New York
 

try .. • 1'" .t· II

Sfl" '
 
.1""1. f\ ! 

t'!:~"~ _. /'~' 
Elevation - 3 deg. S.F •• 0.05 deg 

I '" 
'" '" 

I 
L 
I 
I Horn Antenna 

rr V- .. · 
. ,....,..,..

sf . MLS·Azimuth Offset'-30 Deg . 5.F."S Deg Start Time 13:19143 
• , , , c , • , , , I , ' , , " !"!!' t!!' , 

Elapsed Time In Seconds S.F.· 10 sec 
.." .. 



N 49 AIRBORNE DATA
 
Flight Date 1/ 4/78 System 1 

JFK International Airport. New York

:r' ...... I • 
".A) 

. . f7 "9 
•.. ,/I\.. ,........ . ,.!'Ii 

Elevation - 3 deg. S.F•• 0.05 deg ~ 

b:l

\D•
o 

0llln1 Antenna 

·ff -,'---,--,---------.,.--------------- 
sf/'1I.S AZ111uth Ofrset--30 Deg S.F .-5 Deg Start Time 13:26149 

, t t ! • ! • I ! ! tIt , , , '. ,!' 1 t " " 

Elapsed Time In Seconds S.F.· 10 sec 
, 

- ~.' .;. , .., 

. ,. ,
 



• " 

N49 AIRBORNE DATA 
Flight Date 1/ 4/78 System 1 

JFK International Airport, New York 

f f.. , ' •• 
sf I ? 

I.i~ 
Elevation· 3 deg. S.F•• 0.05 deg 

I'" .., 
..... 

Horn Ant.enna 

ff , 
sfI'lLS':Azlilluth Orr$et··30 Deg. S.F.·5 Deg Shrt Time 13:33142 

, , c • '.' , ! , , , , , , ,. ,." ..' I ",' 

. Elapsed Time In Seconds S.F.· 10 sec 
' .. .~. 

-"':'-' 



N 49 AIRBORNE DATA 
Flight Date 1/ 4/78 5Y5tem 1 

JFK International Airport, New Ycrk 

rr

'1 
v·· ...'y' " ,," 

"V 
w_ 

; 

1, 
i 

bl 
I... 
'" 

! 
~ 

! 

. SFI1LS.f!zlllluth 
, '.' , .,. ., 

Offseto-30 Deg 
t , • , .! S.F ,oS Deg

"t. t ' , 

Start nile 
, , , • ' , 

13:40:30 
• « , 

Elap5ed Tille In Seconds S.F.· 10 sec 
-'c' .." 

\ 

Olin! Antenna 

.

. Ff', . 

~ , , • ,~~ .-




