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EXECUTIVE SUMMARY

Tha Mobile Transponder Performance Analyzer (MTPA) was used to collect
data on gens2ral aviation aircraft transponders in the Atlanta,
Seargia, ares. The data were collected at three different airports
(Fulton County. Peachtree/DeKkalb, and McCollum) in the Atlanta area.
The data wers collected on 154 transponders at a distance o 250 +to
400 feet ¥from the taxiway being used by the aircra#t. The pilots were
asked to hold their position on the taxiway while the tests were
conducted.

Data were <cocllected which describe the interrogation decoding
characteristics of the transponders as welii as their reply
characteristics. A total of 24 parameters were checked during the
test which required spproximately 1 minute per transponder. Altitude
data teported by the transponders was also compared to that received
from 3 calibrated altimeter which is a part of the MTPA.

The most frequently failed parameter was the requirement to rTeply at
30 percent rate during the side-lobe suppression (BLS) decoding
accuracy test when the P2 pulse is outside the prescribed 1limits for
suppression, Only 41 percent of the transponders tested passed this
test compared to &5 percent when these data were collected on general’
aviation ftransponders at Philadelphia in 1%983.

Seven transponders gut of the 154 tested passed all 24 parameters
testad. Five additional transponders passed ail parameters, but
replied with "brackets only" to the Mode € interrogations and were
failed by MTPA for that parameter. Thus, approximately 7 percent of

the transponders passed all tests for which they were equipped. An
additional 38 failed to reply at a 90 percent rate during the SLS
decoding accuracy test and/or were "brackets onlu" as their only
problem. Another 43 failed one other parameter (in addition to the

previous ones), 24 failed two others, and 49 failed three or more
additional parameters.

vii



INTRODUCTION
OBJUECTYIVE.

The obyective of this project was to collect dava describing the
perfarmance of transponders of general aviation aircraft based in the
Atlanta, Georgia, area. Of special interest were the side-lobe
suppression. (SLS) characteristics and the accuracy of the transponder
Teported altitude data.

BACKGROUND.

The Federal Aviation Administration (FAA) Te2chnical Center was
requested to provide support to the Headquarters FAA Air Traffic
Control Radar DBeacon System (ATCRBS) Analysis Team in the
investigation of transponder related problems in the Atlanta, Georgia,
area. The problems reported by the operational air traffic controller
personnel were target dropout, excessive coasting, and erroneous
altitude data.

The implementation and operatien of the Traffic Collision Alert System
(TCAS) is dependent on the accuracy, reiiability, and integrity of the
transponder reported altitude data from TCAS intruaer aircraft. The
air traffic control (ATC) ground—-based system normally interrogates.
the agircraft for their 4096 code identity and Mede C altitude for wuse
in the ATC system. The TCAS intarrogates the transponders for Mode C
altitude for use in the airborne TCAS legic to develop commands for
gvasive maneuvers. Importance of accurate, Teliable altitude
information cannot be overemphasized for the safe operation of the
TCAS.

The Mobile Transponder Performance Analyzer (MTPA) was used to collect
large volumes of data in a relatively shoart period of time in an
oparational environment.

The MTPA is 3 system designed and fabricated at the FAA Technical
Center to aralyze performance characteristics of all known types of

aircraft survelllance transponders. The system 1is mounted 1in a bus
which has its own engine generator for system pouwar regquirements. The
system is fully software controlled. It includes a PDP-11/34 computer
with peripherals, two low power programmable transmitters. and

Teceiving and decoding hardware so that the foarmat and protocol
changas necessary can be implemented without hardware modifications.
Digitally controlled phase shift keying (DPSK) modulators, pin diode
modulators, and variable attenuators are used for control of the radio
frequency (RF) interrcogations. The maximum RF power for interrecgation
is appraximately cone watt. A parabolic dish antesnna with
approximately a 10-degree beamwidth is mounted to the side of the bus
for ramp testing. The system will operate at anuy distance of up to
200 meters from the aircraft being tested

The %tansp

cnder parameters are comprisa2d of two basic categories. One
set contains

+he transponders waveform and signal characteristics such



as power, sensltivity, pulse amplitude, pulse width, pulse frequency.
spacing. et The second set 1is message content and response to
certain stimuli. These functions are primarily for Mode s

transponders. but the suppression tests and the Mode C altitude data
fall into %this catagory for all transponders.

The MTPA softwsre resides in both computer random access memory (RAM)
and on disk. Required routines are ogverlayed in memoTy as necessary.
Software contral is broken down into sets and saquances of tests to
provide maximum flexibility #for operator contrul, interactien., and
test time. On—-1line rececrding of dats is done on aoisk; a Teal-time
summary 2f *est results is provided. A hard copy of this summary is
provided if requested.

When not performing tests, the MTPA runs in an "idle" loop in which it
continuously interrogates at a low pulse repetition frequency (PRF).
When a candidate for testing arrives and is solidly responding to the
idie loop interragations (monitored by an A scope presentation), the

tests can begin. Tests are nominally conducted &t .an interrogation
signal of =47 decibels above 1 milliwatt (dBm) (at the approximate
aircraft antenna position). If interference exists from other

aircraft +the interrogation signal power can be teduced from the
keyboard in 1 decibel (dB} steps wuntil the interference disappears
prior to starting the test

RELATED PROJECTS/DOCUMENTATION.

1. "ATCRBS Transponder Data from Dayton. Ohio Airshow - 1983, "
DOT/FAA/CT-TNB3/53. ’

2. "Mobile Transponder Performance ‘Analyzer Volume 1, System
Description, " DOT/FAA/CT-TNB83/05.

3. "ATCRBES Transponder Data from Initial Field taest of MTPRA, "
DOT/FAA/CT-TNB2/04

4, “"Summary of Transpeonder Data for Atlanta, Gecorgia, Area,"
FAA-CT-B0-39.

3. "Summary of Transponder Data June 1977 through August 1978, "
FAA-RD-79-56.

6., "UW. 5. National Standard for the IFF Mark X (SIF)/Air Traffic
Control Radar Beacon System Characteristics, ™ FAA Order 1010. 51A.

MTPA FIELD CALIBRATION.

The MTPA has previously been calibrated for <+the bench mode of
operation, The only difference in tamp operation are the path. losses
(transmit and receive) and the time difference for the RF signal to
travel to and from the transponder.

This translaftion is easily accomplished by a two-step DpTocess. A
transponder 1s first connected to the calibrated laboratory cable and
tested so %that its power, sensitivity, and delsy rharacteristics are
known, This "calibrated" transponder is then placad in a vehicle with

d



an antenns mounted oan- its roof and driven down the taxiway to be used

guring the tasgs. Continuous power, sensitivity., ard delay
measuyraments are made on the ftransponder during this trip. &s delay
characteristics of most transponders wvary with received signal

strength, %he interrogation signal 1s varied across the antenna
pattern in order to maintain a -30 dBm signal at cne vehicle antenna.
(This is only possible since the transponder output characteristics
are known; i.e., i# the reply power is 60 dB down from that achieved
on the calibrated cable, the path loss would be known and powar of the
next interrogation would be adjusted so that approximately ~50 dBm
would be se2n at the transponder on the next interrogation.)?

The MTPA antenna pattern also has a vertical component which must be
considered. The RF «coupling is significantly better at 5 feet (the
approximate height of the roof of the car) than it is at 1 foot The
system contains a lookup table with offset values as a function of
antenna height and distance. Prior to the test, the operator enters
the aspproximate antenna height of the aircraft under test (i.e..
3 feet); the 4ransmit power is auvtomatically increased by the offset
value so that a level of -47 dBm 1is achieved at the .aircraft’s
antenna. (The measured sensitivity will also o2 offset by this
value.? A power level of —-47 dBm was used so that the majority of the
tests would be conducted at a level of approximately =50 dBm. (The .
aircraft was normally stopped at a position where the power was down
appruximately 2 dBm from that at the nose of the beam. )

Measurement accuracy cof power and sensitivity is nzosrmally about plus
or minus 2 dB wusing the above techniques. At times, however,
reflections and landing gear sheilding.make this figure difficult ¢to
achieve. '

DATA COLLECTION

Data were collected at three airports in the Atlanta. Georgia. area
{Fulton County, Peachtree/Delkalb, and McCollum; The same test
scenario was used at each of the airports.

As communications were available with the pilots of the aircraft under
test, the planes wera stopped during the conduction of the tests. The
planes were taxied into position on a taxiway {(approximately 400 feet
away from the bus) so they were in a position approximately 3 to & dB

down from th2 nose of the MTPA interrogation pattern. They were
instructed to have their transponder and altim2ter on as they taxied
into position. The test scenario was then run while2 the pilot held
this position. He was then instructed <to taxi past a cone which
designated the opposite edge of the interrogation beam. Continuous
power, sensitivity (Modes A and C), and delay measurements were made
as he taxied past. The maximum power and sensitivivy values achieved

and the minimum delay value achiaved were saved as the true parameters
for the transpconder.



Each of the *hree sites presented its own data collection problem.
Figure 1 3nhaws the site plan of the Fulton County Airport with the
MTPRA bus position. Reflections from the Administration Building
acronss ‘the *tariway area were & minor problem but this site was
prefurablia t2 one Further to the leoft where the taxiway dropped off to
a level 3 ta 4 feet below the bus. The taxiway used for data

collectian was approximately 2350 feet from the MTPA bus.

Figure 2 shows the site plan of the Peachtree/DeKalb Airport with the
selected site for data collection. The taxiway distance was about
400 feet from the bus. The problem here was interference frem planes
taking off and larnding on the runway directly in our interrcgation
beam. Power reduction of interrogation signals was an effective means
sf minimizing the problem.

Figure 3 1s the site plan of the McCollum Airport showing the site of
the MTPA bus during data collection. Planes parked around the
periphery of the taxiways caused rteflection problems when parked
prarallel to the taxiway. The problem was solved by turning tne bus so
that the antenna pattern was centered at the intersection of <the tuwo
taxiways shown. This caused a slight error in the delay dats (only a
few nanoseccnds) if the tests were allowed to continue past the
intersection.

TEST SCENARID.

The test scenario selected for use required approximately 1 minute for

completion. Since SLS amplitude and altitude data characteristics
were of special interest, two separate tests for each parameter were
included. Table 1 lists the tests in the order they were conducted.

The system was calibrated each morning prior T0o start of data
collecticon. A Tun was also made each morning toa verify the antenna
pattern priocr to the start of data collection. A set of data on our
“standard” ftransponder was also collected at the start and finish of
data collection each day in order to verify the stability of the
system. A sample calibration run and antenna pattern run from
Feachtree/Dekalb Airpcrt is included in appendix A. Also included 1is
the +first run from the calibrated transponder after the caliibration
PTUCess.
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TARLE 1. TEST SEQUENCE FUOR THEz ATLANTA TESTS -(ATL1)

Tazt MTeEA Test
Sequence Test MTPA Duration

No. No. Test Description (sec)

i 2 Reply Charécteristics Q0.3

2 2 Mode Acceptance~-Spacing 4.0

3 4 Mode Acceptance——-Pulse Width 2.C

4 99 Altitude Comparison 0.5

5 15 SLS AMP Characteristics -50, -60 dEm 3.0

& & Dead Time 1.5

7 7 Supression Time 1.0

8 8 Reply Rate Limiting | 4.0

g iz SLS Mode Acceptance -— 8pacing 1i6. C

10 13 - 8LS Mode Acceptance —— Pulse Width 10.0

11 14 Mode A and Mode C Sensitivity 1.0

12 ) LS AMP Char. “-40 to ~75 dBm 16. 0

(3 dB steps)
13 9 Altitude Comparison 0.5
14 to 7 14 Mode A and Mode C Sensitivity 1.0



TEST RESULTE.

Tests were conducted on a total of 154 different aircratt
transponders. Some were tested more than once, aut the results were
included only once in these data. There were casns when all tests

were not successfully completed (the transponder may have been turned
off by the pilot prior to complétion or interference from another
plane invalidated the data from a particular test). In these cases
the data ar2 not included in the summaries. The results of each
particular test are summarized below as a group

REPLY CHARACTERISTICS. This test, which is MTPA test No. 2, makes 100
interrogations and mesasures the characteristics of the replies. This
test produced data on the following parameters -for 154 transpcnders:

1. Reply Frequency. Figure 4 shows the distribution of the Treply
frequencies from the 154 samples. The frequencies Ttange from
approximately 1086 to 1096 megahertz (MHz) with approximately
9 percent outside the limits of 1087-1093 MHz.

. Bracket Spacing. Figure 5 shows the distribution of F1-F2 bracket
spacing for the 154 samples. The times wvaried from 20.12 to 20.55
microseconds ( wus}) with six transponders or approximately 3 percent

outside the allowed range of 20.2 to 20.4 us. ’

3. Pulse Width. Figure & shows the pulse width distribution from the
154 transponders. Variations from 0.35 to 0.625 us were found with
D percent outside the limits of 0.35 to 0.55 us.

4. Code Pulse Offset. Figure 7 shows the code pulse offset
variations from the 840 code pulse samples from the 154 +transoonders.
Figure B8 shows the maximum code pulse offset (the deviation from the
nominal position of the code pulse which 1is +the furthest from its
prescribed position). The specified tolerance is plus or minus 100
nanoseconds (ns) with eight transponders or approximately 5 percent
falling outside this limit.

3. Reply Jitter. Figure 9 shows the distribution of reply Jjitter for
the Atlanta sample. No planes fell owtside the prescribed limits of
plus or minus 100 ns.
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MODE ACCEPTANCE —-— PULSE SPACING. This test wvaries the spacing
between P1 and P23 of the mode interrogation pulses to ascartain the
acceptance/rejection characteristics of the transponder. Twenty
interrogations are made 1in 50 ns increments from the nominal Mode A
and Mode £ spacings minus 800 ns to nominal plus 820 ns. The reply
rates for the group of interrogations at each poeint are saved

Figure 10 shows an analysis of the 154 samples rrom Atlanta. The
shaded in portion of the figure shows the defined area of the
specification. Samples falling in this area are out of tplerance.
For example, the interraogations spaced at 7 wus resulted in 153
transponders not replying at all and one which replied at a 90 percent
rate. Eight transponders or approximately 5 percent failed to meet
the specified tolerances.

Figure 11 shows the data from the Mode C acceptance pulse spacing
portion of the test. Thirteen transponders or -approximately 8 percent
fell outside the allowable area. The data from all those transponders
that failed were examined further to see why they had failed. In
almost all cases, the acceptance zone was merely skewed from the
nominal spacing. Figure 12 shows an example of the detailed data from
one of the samples that failed. The acceptance zones appear to be
centered at approximately 8.4 and 21.5 us rather than the nominal of
8.0 and 21 . O wus. Seven were skewed so badly that they did not respond
at the nominal spacing.

The reply delay difference data was also gathered from the mode
acceptance <(pulse spacing) test. The allowable delay difference is
200 ns. Figure 13 shows the distribution of ditferences in delay for
the Atlanta data. Seven planes or about 5 percent failed to meet this
criteria Only 147 samples are included because the remainder did not
respond to Mode C at the nominal interrogation characteristics

MODE ACCEPTANCE — PULSE WIDTH. Figure 14 shows the reply rates of the
Atlanta sample as a function of pulse width. All samples which fell
into the shaded area were investigated further by examining the
individual tests. In general, the cause was a single data point in
the shaded (out of tolerance) area of the data plot. The nominal
(0.8 wus) point was compared to the Tesults of the pulse position test
which used the same interrogation parameters. After this analysis two
transponders or approximately 1 percent were out of specified limits.

16
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DEAD TIME. Thiz %tast determines how lang a +%ransponder 135 '"dead”
aftar responiaing te an ATCRBS interrogation. An interrogation is made
to zoalicit an ATCRBS reply. A sacond interrogation is then moved in
time Ffrom 20 to 140 us after the first. The reply rate to the second
interrogation is wused to determine dead time parameter of the
transponder. It must reply at a F0 percent rate nc later than 125 us
following the end of the first reply. Eighteen transponders
aoriginally appeared to fail <this criteria. They were investigated
individuvally %o get a better idea of their characteristics. It was
found that the dead time data was affected by two other circumstances:
(1) triggering of the reply rate mechanism of the transponder, and (2)
RF coupling between MTPA and the transponder which could not maintain
the 20 percent threshcld. Most transponders rts5ise their receiver
threshold in order to reduce the amount of interrogations they see
when the reply rate exceeds a certain amount. When the dead time test
was condwcted, two interrogations were made on tne same interrogation
sequence which is repeated at a 500 hertz (Hz) rate, giving an
pffective rate of 1000 interrogations per second. I+ this triggered
the repliy rate limiting circuitry, the rzceiver threshold was
increased. If the <coupling was marginal (for whatever the reason. .
i.e.; shielding, poor sensitivity, etc.), it may ro longer be poassible
toe retain the 90 percent reply rate for the duraticn of the test. In
the real ATC environment, the transponder does not receive moare than
about 950 interrogations from the same interrogator in a burst. Thus,
the situation created with the dead time test was not a realistic one
in which to measure dead time (it measured the effect of two

parameters at once). Figure 15 is a plot of the dead time
characteristics of a single sample showing the effect of the reply
rate limiting on the output of this test. The reply rate 1limiting

test of all samples which exhibited this characteristic were examined.
If the reply rate was less than 100 percent during this test and if it
were 100 percent during the preceding test, it was assumed to be in
reply rate limiting. It was then assumed the dead time +to pe the
peint at which the transponder first replied at a ?C percent rate

Applying this criteria. only one plane failed to respond within the
limits of the dead time specification. The distribution of the data
is shown in figure 16. Reply delay data were not used from this test
as the reply rate limiting action of the transponders also affected
the reply delay
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ATCRBS SUPPRESSION TIME. The suppression time test is essentially the
same as the dead time test except the first interrogation consists
only of a suppression pair (Pl and P2) and, thus, requires ns Tepluy.
The second interrogation is moved away from the first to see how long
the suppression period (initiated by the first interrogation) lasts.
The rTeply rate to the second interrogation is used to determine the
suppression time. Figure 17 shows the distribution of suppression
times. Twenty—~two transponders, or approximately 14 percent. fell
cutside the limits of 25 to 45 us.

SLS CHARACTERISTICS~-PULSE SPACING. This test makes 100
interrogations at each point. A Mode A interrogation is used with a
P2 pulse 3 dB higher than P1 and P3. The spacing bztween Pl and P2 is

then variad in 50 ns increments from 1.2 to 2.8 us. This was the most
frequently failed test in the sample from Atlanta. The results are
broken into two areas: (1) the area where the transponder should

reply less thanm 1 percent (the suppression area-—1.5 to 2.2 us). and
(2)  the area where it should reply at greater tnan a 90 percent rate
{see figure 18B). Eighteen (approximately 11 percent) failed the first
category while 91 (approximately 59 percent) +Failed +the second.
Detailed investigation of the test results showed that <c¢ne SLS
acceptance region was too wide or skewed from nominal in almost all
cases. Figure 19 is a sample showing the response of one sample to
the variation in the SLS.

SLS CHARACTERISTICS--PULSE WIDTH. This test makes 100 interrogations
at each point in order to check the pulse width acceptance
characteristics of +the transponder. Nominal pulse positions and
widths are wused for all pulses of the interrogations with the
exception of the P2 pulse (its position is nominal but +the width is

variable). The P2 pulse 1is set to be 3 dB areater than P1 and P3.
Widths from 300 ns to 1.5 us are used. Figure 20 shows the results of
this test. A total of five transponders (approximately 3 percent)

failed to suppress as a function of width, although four of these
failed to suppress altogether.

SLS AMPLITUDE/DYNAMIC RANGE CHARACTERISTICS. Twc versions of this
test were conducted during each run as these parameters were of
special interest. One test was run at only a power level of =50 and
~60 dBm (MTPA test 15} while varying the P1/P2 power ratio. The other
(MTPA test 5) was run throughout the entire dynmamic range capability
attainable at +the transponder (normally the range was from -75 to
approximately -39 dBm).

Test 5 was performed in the following sequence: thes power level of Pl
and P3 were set to ~75 dBm. Sets of interrogations (100 per point)
were then made where the ratio of Pl (and P3) to F2 was 15, 12, and
? dB (Pi and P3 are greater than P2), to which the transponder should

Teply at least 90 percent. Interrogations were then made at ratios of
6 and 3 dB, where the performance 15 unspecified, and at ratios of

0, —-3,and -4 dB where the transponder must reply less than 1 percent
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(suppress’. The teply ratio at each point is saved. The power of the
group is then increased by 3 dB (-72 dBm) and the process repeated.
This is done at 3 dB increments wuntil <+the maximum power output
capability of MTPA is reached.

Test 15 performed +the groups of interrogations only at -30 and
-60 dBm. Figure 21 is a summary of the data from test 15. It shows
that at an interrogation level of -60 dBms only 116 transponders
responded at a rate greater than 90 percent, while at -50 dBm, 149
reached this level. Since the transponders had nat reached minimum
triggering threshold (MTL) which is defined as the signal level which
produces a 90 percent reply rate., the specification cannot be applied
It was wused, however, in conjunction with test 5 where MTL can be
determined.

The transponder producing the data for figure 22 (the results of an
individual test 5) shows definite SLS problems. At a P1-P2 ratio of
+7 dB the tTeply probability drops, as ctonfirmed by test 15 (see figure
23) which was run at -50 and —-4&0 dBm. The analysis program searches
the "must reply” area (see figure 22) of each individual test 5 for a
reply rate of at least 90 percent. This defines the MTL lzvel for

this transponder (-54 dBm for this case). Data from <this column
(MTL), -S51, -48, -435, and —-42 dBm (MTL + 9 dB), are then savad for the
test 5 data base. This procedure is used on each transponder sample

until the data for all the transponders has been standardized to these
four levels referenced to MTL. Figures 24, 25, 2&, and 27 are plots
of the &SLS amplitude characteristics from the Atlanta sample at MTL.
MTL + 3, MTL + &, and MTL + ? dB., respectively. The "reply rate” axis
is not completely linear on these plots. The first row contains reply
rates of O and 1 percent (in order to separately show the suppression
area of the specification). The remaining rows are 2 to 10, 11 to 20,
21 to 30 percent, etc. Thus, at a P1-P2 ratio of —-& dB, @1 percent of
the transponders Teplied at a rate of 1 percent or less, 3 percent
replied at a rate of 2 to 10 percent, 1 percent replied 10 to 20
percent, 1 percent replied 30 to 40 percent. 1 percent at 80 to <0
percent, and 3 percent replied at ?0 to 100 percent.

The “"must suppress"” characteristics apply at all signal levels at MTL
+3 dB and above. Failures of the specification are indicated by an
"x" on figures 2% 26, and 27. A total of 10 transponders failed this
specification with 4 of those failing to suppress at all.

Figure 27 is a plot of the data from all the S5LS amplitude
characteristic tests at a level of MTL + 9 dB for each transponder.
Only 141 szamples passed the threshold of MTL + @ dB (poor sensitivity
or shielding of the antemna caused a reduction of dynamic range of the
MTPA interrogations). The maximum signal capability (at the antenna
of the aircraft under test) varied from site to sice, but was normally
in the area of -39 dBm.

30
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The “must Teply" area of the SLS spezcification applies when %the signal
level reaches MTL + 9 dB, so that the P2 pulse (if present) would be
above the receiver noise. Failures to reply at a 70 percent rate or
greater are indicated by a ‘"check” on figure 27. A total of 12
transpond2rs failed this criteria.

Figures 28, 29, and 3C are typical examples of transponders which
failed to pass "must Teply® portion of +the SLS amplitude
characteristics test. Normally., there was a "hole" of some sort in
the pattern (see circled areas on the plots).

ALTITUDE COMFPARISON. In this test (MTPA test No.99) Mode g
interrogations are made to our MTPA transponder in order to get the
proper Mode C altitude data from our calibrated alitimeter. These data
are then compared to that received from the transponder being tested

The differences in these data are stored as the result of test No. 99
Figure 31 shows the distribution of data from the standard altitude
for the Atlanta sample. Test 99 was vun twice for each transponder.
The number of samples 1is odd. because one transponder was switched
from "no altitude" to "altitude on" between the two tests. The data
were analyzed in more detail by selecting one or the other of the
tests and using that for the characteristic of the transponder being
tested. It shows that 107 tests (approximately 338 percent) replied to

Mode C interrogations with "brackets only" or no aititude data. of
the remainder which did reply with altitude information, 27
(“? percent) replied at a Tate less than 20 percent. Ten

(~5 percent) replied with altitude data outside the tolerance of plus
or minus 125 feet. 'One replied with an error of 1,000 feet, and when
the results were discussed with the pilot, he confirmed that he had
been told by the ATC personnel that his altitude was erroneous.

POWER., SENSITIVITY, AND DELAY DATA. These parameters are checked by
analysis of the reply data from all the other tests. The power and
sensitivity are checked for the maximum wvalue acnieved. while ¢the
reply delay is checked for a minimum.

1. Reply Delay Data. The former algorithm used for determination of
delay data (merely a search for the minimum value) was modified
because of the large number of transponders whose delay varied widely
as a function of other parameters. Figure 32 shows a typical example
where delay is a function of interrogation pulse spacing. This
transponder obviously does its timing off the Pl pulse and the delay
is set to the nominal value of 3.0 us at cthne middle of the
interrogation acceptance window. As can also be sz2en from these data.
this particular transponder had the interrogation acceptance window
offset #from the nominal interrogation spacing (8.0 and 21.0 us for
Modes A and C., respectively). In #fact, this transponder did not
respond at all at the nominal 21. 0 us Mode C spacing

In order to get reply data which would be meaningful in the search for
ATC system problems, the following change was made to the algorithm
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which determined the delay data +for our sample. Since the
interrogators’ pulse characteristics are tightly controlled., the
assumption was made that the interrogators were always at the nominal
position +for all wvariables during a particuliar test. Thus, even
though a test varied a parameter on botn sides of neminal (as all of
them do):, the delay data from that test was only used when the
variable was at the nominal value. The new set of delay vaives {(one
from each test taken when the variable is at nominal) was then
searched for the minimum. This value was used as the reply delay data
for each transponder. Figure 33 shows the distribution of delay data
for +the Atlanta sample. Nine transponders, or approximately
5 percent, were outside the limits of 2.5 to 3.5 us.

2. Reply Power Data. Figure 34 shows the distribution of reply power
data from the 154 samples. After applying a 3 dB allowance for
measurement error due primarily to the reflection environment
discussed previously, 33 transponders {(approximatesly 21 percent) fell
outside the allowable limits. Most of the failures were on the high
side of the specification. Almost all of the military planes tested
+a2ll into this category.

3. Sensitivity Data. Sensitivity tests (MTPA test No. 14) were TuUn
continuously as the aircraft taxied past the nose of the interrecgation
beam after the remainder of the tests had been completed. The results
of each test (successive approximation search for the Modes A and C
sensitivity value) were then examined and the highest value achieved
was used a3 the sensitivity of that transponder. The reply pcwer of
each group was also used as an input to the power analysis above.
Figures 35 and 36 show the distribution of sensitivity for Modes A and

C, respectively. After allowing a plus and minus tolerance for
measurement error, 39 transponders (V25 percent) failed to meet the
sensitivity requirements for Mode A sensitivity. Only 147 samples are
included in the Mode C sample as the remainder did not reply at
nominal interrogation characteristics (investigation of more
detailed data showed that the transponders did answer at other than
nominal spacing (see +figure 32 for example). Thirty-nine or

27 percent of the transponders failed to meet the Mode C sensitivity
criteria.

REPLY RATE LIMITING. The reply rate limiting test consists of making
interrogations at four different PRF‘s and recording the reply rates
to those interrogations. The PRF‘s are 1,000, 1,400, 1.700,and 2,000

interrogations per second. The transponders should respond to at
least 90 percent of the interrogations to a rate o+ at 1least 1,000
interrogations per second. {Transponders of aaircraft designed to

operate above 1,500 feet must respond at least 99 percent to a rate of
1,200 per second.) Figure 37 is a plot of the reply rate data from
Atlanta. As shown. 10 percent failed to respond et least 90 percent

at 1,000 intarrogations per second. Approximately 5 percent showed no
reply rate limiting at all at rates up to 2,000 interrogations per
second.
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ANALYSIS OF THE FAILURES AND THEIR EFFECT ON THE ATC SYSTEM.

A program was written to examine all the data colilected for the entire
sample - and output a summary sheet containing the parameter(s) failed.
if any, for each of the transponders. The summary output of this
program 1is shown in figure " 3B. An "#" jndicactes a failure of the
parameter at the top of the column (i.e., the first entry "Beechcraft
twin® failed to reply at least 90 percent te tha SLE pulse spacing
test at all required points). A "0" indicates that, for some reason,
the parameter was not tested. As an example, aircraft "DI80O17" was
not tested for altitude characteristics as it replied "brackets only"
to the altitude test. These data were then used in order to examine
each of the failures in an effort to determine the effect on the ATC
cystem. ‘The failures will be discussed by parameter.

1. Frequency. Approximately 9 percent of the transponders tested
fell outside the allowable limits of 1087 to 1093 MHz. As the reply
pulse frequency deviates from the center frequency (1090 MHz)., the
receiver output begins to show distortion in both amplitude and pulse
shape. Within -the receiver bandwidth (the FAA ground sites are
normally 1086 to 1094 MHz), the distortion is not significanc. The
pulse will be attenuated approximately 2.5 dB and stretched +to about
580 ns, compared to an input pulse at 1090 MHz which would produce the
proper pulse width of 450 ns. As the frequency deviation reaches
beyond approximately 4.7 MHz, however, the distocrtion of the output
pulse becomes severe. Beyond this point, in addition te more
attenuation, the pulse splits into a pulse pair approaching a limit of
1/bandwidth of the receiver or approximately 0. 125 ns. The one sample
encountered at a frequency of 1096.8 would almost surely not survive
the thresholding process of the digitizers as the video output of the
receiver would be attenuated by approximately i3 dB and eacn pulse
would appear as a pulse pair approximately 250 ns wide.

The pilot of this plane had received a letter from the FAA indicating
a potential problem with his transponder. The data from his complete
test is furnished as appendix B. This transponder never rTeached a
90 percent rTeply rate in any of the tests. If this transponder uses
the transmitter frequency source as the 1local oscillator for its
receiver (as many designs do). the preblem of pulse distortion would
occur 1in 1its receiver and could &ccount for the overall poor
performance because of only this one (frequency) parameter.

The receiver of the MTPA system has a bandwidth of 20 MHz, so the
distortion due <to <the MTPA receiver of the cff frequency signal is
negligible

2. Bracket Spacing. The ground system bracket detectors are normally
set to accept bracket pairs spaced at 20.1 to 20.4 us in order to
accommodate out of tolerance transponders. As a rTesult of this
widened acceptance zone., of the six traeansponders out of the specified
limits only one would have probably not been detected as its spacing
was 20. 39 us.
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3. Pulse Width. Most of the ground systems contain "pseudo-lead
adge" logic, which inserts extra lead eda2s into the code
determination logic whaen the input pulse exceeds a certain value. The
assumption 15 that a wide pulse 1is Teally the rTesult of the
overlapping of code pulses from two ATCRBS replies, so one lead edge
is inserted at the true lead edge of the wide pulse and the second is
inserted at a point 400 to 500 ns before the trailing edge. This
enables the decoder to resolve code problems in a ’garhle or
overlapping”" situation. This parameter is mnormally site dependent.
but a normal value is approximately 400 ns. Some2 of the transponders
with wide output pulses would probably trigger this pseudo-lead edge
mechanism and may rtesult in the declaration of two targets where only
one teally exists (split targets).

4. Code Pulse offset Transponders which failed this specification
would prcbably be detected with +the wrong code. Depending on the
sampling point of the code pulses on each rTeply. the correct code
could occasionally be decoded, but the validity of the code data would
be low.

One transponder teplied with the wrong code during the test. At
that time we were not requesting the pilot to rTeply a specific code.
The problem came to light during the discussion of the test results
with the pilot. After that time the pilots were requested to reply
with code S5777. In this way we could at least ascertain if most code
bits worked (if the bit were always "on" we still weuld not know it).

3. Mode Acceptance--~Pulse Spacing. The transpongers which failed
this parameter will perform at a level which depends on the accuracy
of the interrogator timing. Even if the transmitters ave exzsctly at
the nominal spacing, seven transponders would not reply to Mode C
interrogations. In &ddition to the 1loss of eititude data, the
probsbility of detecting +the target at all wculd suffer if the
detection algorithm uses the Mode C data.

6. Dead Time/Suppression Time. I# the dead or suppression time is
excessive, the reply probability will be degraded as the system tries
to interrogate a transponder which has jJust been suppressed or replied
to another interrogation. Although 14 percent failed the suppression
time, the majority failed by 4 us or less.

7. SLS Acceptance--Pulse Spacing. Since this test was the most

frequently failed (only 41 percent passed?. it deserves special
consideration. This compares with 65 to 70 percent (in the ar=2a where

20 percent Teplies are rTequired) as measured in the Philadelphia
sample taken in 1983. As stated previously., the acceptance area of
the +transponder was wusually too wide or skewed to one side or the
other. Mast of the transponders still suppressed wpnen tne P1-P2
spacing was &.8 us. If there 1is any Mode 1 activity, these
transponders would see this interrogation as a svporession pair and
SUpPpPTEess. It is also possible that some other RF activity with a
pulse width of approximately 3 us (2 rise time of about 100 ns or less
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is also reguired) produces a pulise pair in the receiver ogutput of the
transponadErs hecaus2 of the off  frequency characteristinrs of a
gandwidth limifted Teceiver. I# this signal wer2 an omnidiractional
rzdiating paviarn: the suparession time of this group of transponders
won i 32 greatly increased, which would cauvse a drop 1in the
oyvabability of a veply when interrogatad by the ATC system.

2 SLE Amplitude Characteristics. The primary prohlem here appeared
to be =small ranges of signals where the transponasrs did not respond
at a 90 percernt rat? when required (especially at o P1/P2 ratio of

- e

? 4B}, Thiz could lead to spotty coverage as thuouse signal levels are
encountered during tha flight. Those which did not suppress at all
wnuld probsbly result in  "ring arcund” targets when near  the

intearrogator in rTange.

2, Altitude Compariscn. Appraximately 38 percent c¢f the transponders
were not "altitude equipped" as they replied with only brackets to
Mode < interrcgations. The 5 percent with altitude errors present a

seTious probiam to both TCAS and the ATC system.

12 Reply Telay Data. Since so many transponders’ reply data were 3.
function of the interrogation pulse spacing, it is importarnt that
these pulilses e maintained at their nominal value (this is especially
true for the TCAS interrogators) to aveoid range errors.

i1, Sensitivity and Power. Failure aof these two parameters will
result in a reduction of the range of coverage from =ctne ATC
intarrogator, or in an increased loss of replies when the aircraft 1is
in the pracess of making a turn.

The ramaining parameter measurements compare Teasonably well with
those collected previously. Thus, if the Atlanta area is experiencing
more problems than mormally encountered, it may well be the activation
of the more easily triggered suppression mechanism of the transponders
based there.
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RECOMMENDATION

in guneral., tne failure rates of the transponders tested in Atlanta
are comparable with those previously tested (i.e., Philadelphia and
Dayten) wi%th one exception. That 1is the susceptibility of the
Atlanta-based transponders to suppression initiation. Only 41 percent
passed the SLS pulse spacing tests compared to a &5 to 70 percent pass
rate at Philadelphia. (This is the only data available on this
parameter. )

I1f the ATCRES problem 1is more severe at Atlanta, the parameter
discussed above 13 a candidate as the possible causs as it is the only
one significantly different from the previous data.

It is important to say that the tests only . show a wvulnerability %o

suppression initiation. The main problem is suppression action as a
result of interrogations which shoulid not oe Tecognized as a
suppressiaon pair. In order to cause a problem for the ATC system;

something in the environment must initiate a suppression by some
intervrogation.

This can be either a pulse pair within the bandwidth of the
transponder receiver (1030+BW) or a single pulse with a fast rise time

outside the bandwidth of the receiver (i.e., a 2.8 us pulse with a
fast rise time at a frequency of 1020 MHz will exit the receiver as a
pulse pair at 2.8 us). The majaority of the Atlanta transponders could

then be suppressed by the single pulse.

The fact that the transponders are 1illegally suppressed could,
therefore, mak2 them available a lower percentage of the time to reply
toc interrogations from an ATC system.

It is recommended that the environment be investiqgated to determine if
interference of the type decribed above exists in the Atlanta area.
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SUMMARY

A total of 154 different transponders were checked at three different

general aviation airports in the Atlanta, Georgia, area. The planes
were stopped at ane edge of the MTPA interrogation where the tests
were conducted. The pilots were then instructed to taxi across the
interrogation pattern while power, sensitivity, and rTeply delay

measuremants were made.

Figure 39 gives a summary of the testing of the Atlants sample. As
indicated, the most failed parameter was the requirement to reply at a
70 percen®t Tate in the SLS pulse spacing test, where 59 percent of the
transponders failed to comply. This compares to a 35 percent failure
rate at Philadelphia, the only other site where data on this parameter
were collected. .

Seven transponders out of the 154 tested passed all 24 oparameters
tested. Five additional +transponders passed 2:1 parameters. but
replied with "brackets only" to the Mode C interrcgations and were
failed by MTPA for that parameter. Thus, approximately 7 percent of
the transponders passed all tests for which they were equipped. An -
additional 38 failed to reply at a 90 percent rate during the SLS
decoding accuracy test as their only problem and/or replied with
"brackets only" to Mode C. Another 43 failed one other parameter (in
addition to the previous ones), 24 failed two others, and 49 failed
three or more additional parameters.
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ALL FARAMETERS MEASURED AT MTL

TEST 2 MUST REPLY GREATER THAN 5XZ.
FREQUENCY 15 0UT OF

JITTER 0 OUT OF

PULSE WIDTH 8 our OF

BRACKET SPACING 6 OUT OF

PULSE FOSITION OFFSET 8 OUT OF
MONE A PULSE SPACING 8 OUT OF
MODE C PULSE SFACING 13 0UT OF
TEST 3 MUST REFLY GREATER THAN 50%
HELAY DIFFERENCE A-C 7 QUT OF
MODE ACCEFTANCE PULSE WIDTH 2 0UT OF
DEAD TIME 1 0UT OF

SUPPRESSION TIMNE 22 0UT OF

SLS PULSE SPACING <1X 18 0UT OF
SLS PULSE SFACING >90% 91 OUT OF

SLS FULSE WINTH 5 0UT OF
SLS UYNAMIC RANGE >90X 16 OUT OF

SLS DYNAMIC RANGE <1% ? QUT OF
INSUFFICIENT MORE S REPLIES 8 OUT OF
MONE C REFLIES <90% 27 0UT OF
BRACKETS ONLY 107 OUT OF

GREY CODE VALIDN <90% 13 0UT OF
ALTIMETER OFFSET 10 0UT OF

REFLY DNELAY 9 0OUT OF

REFLY FOWER 33 0UT NOF

MODE A SENSITIVITY 39 oUT oOFfF

MONE € SENSITIVITY 39 OUT OF

FASSED ALL FARAMETERS 7 = 4%

FASSEDl ALL 0OR FAILED BRACKETS ONLY 12
FASSED ALL OR FATLED BO AND/OR SL&920 FS

FAILED ONLY 1 DTHER PARAMETER
FAILED 2 OTHER FARAMETERS 24 =
FAILEU 3 OR MORE OTHER PARAMETERS

43 =
15%
49 =

FIGURE 39.
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py of %the screen after the calibration process has
% shows 3 history of the 2vents during tne rTun. The
rogram 1s "COUFLE. " The name of the calibration file
5 "PT2." The sensitivity, power:, and delay data were

4 htwice on the calibrated cable to check for repeatability
‘prior %o moving the transponder to the car for the calibration run on
tha ramp. Function "2" (Transponder in Remote !.ocation) was then
selected and the c¢2ar was positioned at one of the edges of the
intarrogation pattern. Data were then collected as the car was driven
through the pattermn tc the opposite side. The coupie program sesarched
these data lonking for the maximum power, sensitivity, and the minimum
delay. (The arrows in the left hand column indicate that one of these
parameters was updated during that set of tests. ) wnen the power and
sensitivity have both decreased by 10 dB from the maximum value
achieved during the run, the file is then closed by selecting runction
"3" and entering the approximate distance for use in the vertical
offset table selection.

colle

Figures A~-2 through A-6 are the data from +the pattern rTun after

calibration. The values of power, sensitivity, and delay which would
be used as the trus parameters for that transponder are circled on-
figure A-2. When compared to those from the caiibrated cable (see

figure A—-1), 1t is sgen that the sensitivity and delay values are very
close but the power 1is off by about 1.4 dB. Tnea plot of the power
data (figure A~3) shows a dip where the maximum should have cocccurred

This «could have been caused by a number of Teasons (reflections.
interference, etc. ), but is well within our tolerance. :

Figure A-7 i3 the summary sheet of the complete set of tests
{File-name=ATL1) run on the .calibrated transponder. The arrows on the
left side indicate parameters which are out of the specified 1limits.
The arrows beside "Mode S reply rate" merely mean that the transponder
in MTPA which supplies the calibrated value for tha Mode C code  was
turned off during this run. The delay data are also low (3. 167 rather
than 3. 182) when compared to the bench value. This is a result of
selecting the lowest wvalue of delay which occurs during any test.
{Some of the tests affect the delay.)



? COUPLE > SEN =-57. POU = 53.3. DEL = 4.193
- - SEN =-57, POW = 53.5 DEL = 4.104
-> SEN =-57. POU = 53.5 DEL = 4.103
M. T. P. A. COUPLING PROGRAM -) SEN =-58. POW = 53.5 DEL = 4.102
. -> SEN =-58. POU = 53.7 DEL = 4.190
-> SEN =-58. POU = S4.5 DEL = 4.099
INTER CALIBRATION FILENAME %PT2 -> " GEN =-S8. POW = 54.5 DEL = 4.194
->  SEN =-58. POU = 54.6 DEL = 4.102
1 - TRANSPONDER ON CALIBRATED CABLE -) SEN +-58. POU = 55.0 DEL = 4.104
ofl 2 - TRANSPONDER IN REMOTE LOCATION -) SEN +-58, POU » 54.6 DEL = 4.193
(ubbmﬁd 3 - DATA COLLECTION COMPLETE -) SEN «-58. POU * S54.1 DEL = 4.105 <géém$m
ble , o . SEN =-57, POU = S4.5 DEL = 4.108
aé ENTER FUNCTION (L SEN «-57. POU = S54.2 DEL = 4.109 | r4”/

CAL SEN =-77. POU < S7.9 DEL + 3.185 SEN *-56. POU = 53.5 DEL = 4.111
. SEN «-56. POU = 53.0 DEL = 4.113
py 1 - TRANSPONDER ON CALIBRATED CABLE " SEN «-55. POU = 51.9 DEL = 4.112
= 0 J{)@ - TRANSPONDER IN REMOTE. LOCATION SEN +-54. POU = S51.2 DEL = 4.118
o gu/th#)3 - DATA COLLECTION COMPLETE SEN =-52. POU = 49.8 DEL = 4.120
cable S / , SEN «-51. POU = 49.0 DEL = 4.128
ENTER FUNCTION SV SEN «-50. POW » 48,0 DEL +« 4.131
CAL SEN =-77. POU =« sv.ﬁ’ogi/- 3.182 SEN =-49. POU~=—47<5 DEL = 4.133
- ‘ [/ ~ SEN +-48. POU ,» 46.7 DEL = 4.135
fKo 1 - TRANSPONDER ON CALIBRATE ﬁCABLE SEN =-46. POU = 45.5 DEL = 4.14u

Seled") 2 - TRANSPONDER IN REMOTE LOCATION REMOTE SEN =-58. POU » §5.0 DEL = 4.09%¢—,, /

3 - DATA COLLECTION COMPLEYE | totion .

P J@éﬂéO” 1 - TRANSPONDER. ON CALIBRATED CAELE
ENTER FUNCTION (;Ej/ 2 - TRANSPONDER IN REMOTE LOCATION
EXTRACT DATA (N-0) \\\\\3 - DATA COLLECTION COMPLETE

JAUSE --  (CR> WUHEN READY ENTER FUNCTION  (3) - foras©
ENTER DISTANCE (100-)>800) (4oo/f/ﬂ Sook P
'¢ﬁ°'> SEN =-49. POU = 46.2 DEL = 4.121 N AA,;¢AwA“'
] -> SEN =-51. POU = 48.1 DEL = 4.120STOP -- 7a
(p -> * SEN =-53. POU = 49.5 DEL = 4.114
Ry 2 SEN --S4. POU » 51.3 DEL - 4.109.
i --55. POU = 52.4 DEL = 4.107
- SEN =-56. POUW = 52.6 DEL = 4.104
- 53.0 DEL » 4.106

-> SEN =-56. POU

FIGURE A-1. SAMPLE FIELD CALIBRATION DATA RUN



. ENTER DATA FILE NANE

1

SEN-=
SEN-=
SEN-=
SEN-=
SEN=
SEN-=
SEN=

-SEN=

SEN=
SEN-=
SEN=
SEN-
SEN-=
SEN=
SEN=
SEN-
SEN=
SEN-
SEN-=
SEN=
SEN-=
SEN-
SEN-
SEN=
SEN-=
SEN-=
SEN-=
SEN-=
SEN-
SEN=
SEN=

54.
54.
54.
54.
54.
54.

POUER*=
POUER=
POWER=
POWER=
POUER=
POUER=
S4. POUER-
54, POUER=
54. POUER-
54. POUER-
53. POUER-
53. POUER-
53. POUER=
54. POUER-
5S. POUER-
59. POUER-
61. POUER-
63. POUER-
67. POUER-
68. POUER-
70. POUER-
71. POUER-
72. POUER-
73. POUER-
74. POUER-
74. POUER-
75. POUER-
75. POUER-
76. POUER-
76. POUER-
76. POUER-

SEN- _26. POUER=
'ssouen-
SEN*—76- POUER

. ﬁDE LAY-
76. POUERﬁ!iELﬂY'
75. POUER="56.3 DELAY=

SEN=
SEN=
SEN=

74. POUER=

XPATPTR 38
37.0 DELAY= 3.293 39
36.9 DELAY= 3.294 40
37.0 DELAY=~ 3.294 41
37.0 DELAY* 3.292 42
37.0 DELAY= 3.295 43
37.0 DELAY= 3.293 44
37.0 DELAY=- 3.294 45
37.0 DELAY. 3.293 46
36.9 DELAYe 3.294 47
37.0 DELAYs 3,302 48
37.0 DELAY= 23,303 49
35.7 DELAY= 3.300 50
34.3 DELAY* 3.297 51
33.7 DELAY= 3.28S 5¢e
35.7 DELAY= 3.256 53
39.7 DELAY= 3.240 54
42.8 DELAY= 3.228
45.2 DELAY- 3.21
46.6 DELAY- 3.20
48.1 DELAY- 3.202
49.8 DELAY- 3.197
51.5 DELAY= 3,195
52.3 DELAY= 3.194
53.3 DELAY= 3.194
53.7 DELAY- 3.189
54.5 DELAY* 3,191
55.0 DELAY- 3.189
55.5 DELAY- 3.188
55.8 DELAY- 3.187
56.3 DELAY- 3.186
56.4 DELAY- 3.186
56.2 DELAY- 3.184
55.7 DELAY= 3.182

3.185

3.180

55.5 DELAY- .

FIGURE A-2.

SAMPLE ANTENNA PATTERN RUN

SEN=
SEN=
SEN-
SEN=
SEN=
SENe
SENe
SENe
SEN-
SENs=
SENe
SENe
SEN-
SEN-
SENe
SEN-
SEN-

74.
74.
3.
72,
7.
1.,
70,
68.
67.
66.
64.
68‘
60.
58.
58.
57.
57.

POUER=
POUER=
POUER=
POUER=
POUWER-=
POUWER-
POUER=
POUER-
POUER-
POUER=
POUER®
POWER=
POUWER-
POUER-
POUER=
POWER=
POUER-

56.2
54.5
53.9
53.5
52.3
51.2
49.8
48.7
47.3
45.7
44.6
41.4
38.6
36.9
35.9
35.3
34.9

DELAY=
DELAY=
DELAY=
DELAY=
DELAY-=
DELAY=
DELAY-
DELAY-=
DELAY=
DELAY=
DELAY:
DELAY=
DELAY=
DELAY=
DELAY=
DELAY=
DELAY-

3.182
3.179
3.186
3.182
3.181
3.184
3.183
3.193
3.194
3.199
3.205
3.215
3.285
3.236
3.239
3.246
3.a50



POUER

4.

PATPTZ
60.._
82.5] .
x x
X b 4
x x
x
x
45. x
x
x
37.54
XxXXXXXXXXX
x X X
x
x
'30 3 T 4 |
0. 13.5 ce?. 40.5
FIGURE A-3. SAMPLE ANTENNA PATTERN PLOT (POWER)
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SENSITIVITY CORRECTED BY POUER

ATPTE
80.._ e
X _x
= x ) 4 /(\1/‘34/% “* ’
[ R 'T*xux“f* X X T“x‘xx
x RALE

. - x X - e
72.5 ] FXXXXXAX ‘! jeﬂf/%/”//f =-7 74w
65-4
57.5.
50. Y " ¥ 1

Q. 13.5 27. 40.5 €4,

FIGURE A-5. SAMPLE ANTENNA PATTERN PLOT (SENSITIVITY CORRECTED BY POWER) ‘
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F. A. A. TECHNICAL CENTER TRANSPONDER SUMMARY
THIS TEST DOES NOT PRECLUDE TRANSPONDER CERTIFICATION

PTSHK1 ‘ ' S.0 FT -47 DB

PTD2 .001 02-APR-8S 08:09:32
CODE sas2
FREQUENCY 1090.5 MHZ 1090 +/- 3
JITTER 0.018 USEC NTE .100 USEC
PULSE WIDTH 0.452 USEC .450 +/- .100 USEC
BRACKET SPACING 20.310 USEC 20.300 +/- ,100 USEC
MAX CODE PULSE OFFSET 0.010 USEC NTE .100 USEC
MODE A ACCEPTANCE (PS) 7.7 = 8.40 USEC 7.8 => >8.2 USEC
MODE C ACCEPTANCE (PS) 20.75 -> 21.40 USEC {2¢.8 -> 21.2 USEC
DELAY DIFFERENCE (MODE A-C) (US) 0.007 NTE .200 USEC
ATCRBS ACCEPTANCE (PU) 0.425 - 0.925 USEC

-> MODE S REPLY RATE 0.0 X%
P1-P2 RATIO (REP >= 90%) @ -50 DBM 15 %X 12 XX 9 XX XX XX )>=9
P1-P2 RATIO (REP <= 1X) @ -SO DBM XX -6 XX -3 XX © 6 3 <=0

-> DEAD TINME 130.0 USEC ' NTE 125.0 USEC
SUPPRESSION TIME 26.0 USEC 35.0 +/- 10 USEC
REPLY RATE (1000) 100 %
REPLY RATE (1400) 68 %
REPLY RATE (1700) S50 %
REPLY RATE (2000) 49 %

S.L.S. ACCEPTANCE (PS) ( < 1% ) 1.7 =3 2,30 USEC <1.85 -> >2.15 USEC
S.L.S. ACCEPTANCE (PU) 0.300 - 1.500 USEC ‘

MODE S REPLY RATE 0.0 X%

REPLY DELAY 3.167 USEC 3.000 +/- .500 USEC
REPLY POUER 6.5 DBN 45.5 - 60 DBM
,MODE A SENSITIVITY -7 DBM 66-80 DBM

MODE C SENSITIVITY =77 DBM 66-80 DBM

FIGURE A-7. SAMPLE TEST SUMMARY SHEET (CALIBRATION VEHICLE)
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MTPA
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MTRA
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PENDIX B = LIST CF ILLUSTRATICNS

Matrix Transponder (2 Sheets)

Summary Sheet - Transponder {2 Sheecs)

Test

Test

Test
Test
Test
Test

Test

Test
Test
Test

Test

2 Summary Sheet (1) (2 Sheets?
2 Summary Sheet (2) (2 Sheets)
3 Summary Sheet (2 Sheets)

4 Summary Sheet (2 Sheets)

99 Summary Sheet (1st run) (2 Sheets)

15 Summary Sheet (2 Sheets)

15 Summary Sheet (Delay: (2 Sheets)
15 Summary Sheet (Power) (2 Sheets)
&6 Summary Sheet (2 Sheets)

7 Summary Sheet (2 Sheets)

8 Summary Sheet (2 Sheets)

1Z Summary Sheet (2 Sheets)

12 Summary Sheet (2 Sheets)

14 Summary Sheet (2 Sheets)

S5 Summary Sheet (2 Sheets)

S5 Summary Sheet (Delay) (2 Sheetsf

5 Summary Sheet (Pcwer) (2 Eheats)

99 Summary Sheet (2nd run) (2 Sheets)

Page
B-3.
B-5
B-7

B-9

B-15
B—-17

B-1%



This aircraft had ftwo transponders which were checked by tha MTPA.
The summary 2ata Ffrom each test 15 included as this appendix.
Accurate pswer and sensitivity data were not taksn on  transponder
Mo, 1 30 that +the second transponder could be checked. Power and
sensifivity Jata were taken on the second transponder after completion
of the re2mainger 0of the tests.

The #igures fsor ftransponder No. 1 are all 1labelad "sheet 1." The
companion figures for transponder No. 2 are labelad "sheet 2. " Figure
B-1 is the test matrice for the two transponders. Figure B-2 1is the
summarnry.

Transponder No. 1 shows only two problems: {1) it has no reply rate
limiting, and (2) it did not reply to the Mode C interrcgations of the
altitude tests. This is somewhat puzzling., as it answered 100 percent
to the interroggations of the Mode C acceptancz spacing test (see
fFigure B-31:. The 1interrogations of the altitude test are nominal

spacing and the same interrogation pcocwer as thoszse of test 3.

Transpondsr No. 2; however, failed many parameters (see figure B-2).
The fact that ¢the frequency is so far off could explain why many of
the other parameters failed. If the transmit frequency is usad as the
local oscillator, the interrogation signals from MTPA would be
approximately &6.9 MHz from the center frequency of the transoonders’
Treceiver. This would certainly result in attenuation and distortion
of the interrogation signals. The rTeply rate on most of the tests is
less than 100 percent, as is evidenced by any of tne test figures for
trancpeonder No. 2. Apparently, there was much antenna sheilding
during the tests as the power readings gathered during test 15 show a
Teply power of 26. 5 dBm. test 2 shows 27 or 28 dBm, and the true power
was S51.3 dBm. Thus, the signals were between 20 and 25 dB down from
the maximum during the tests. The reply power of tvansponder iNO. 2
was also about 4 dB lower than that of transponder no. 1 according to
figures E-3 and B-10.

The wsummaries of the sensitivity tests with the reply power above
40 dBm are listed in the following table:



TABLE B-~1. ATCRBS SENSITIVITY TEST RzIULTS

MATRIX NO. A SENS. A DEL. C BENS < DEL. FGWER (A) PCUHER (&)
71 -354 2. 661 -59 2. 662 40 43
72 ~-&4d 2. 638 ~62 2. 64646 45 47
73 -&2 2. 617 -56 2. 628 49 o1
74 -&8 2. 403 - -68 2. 6146 21 51
79 -69 2. 599 -68 2.618 21 21
76 -68 2. 606 -67 2. 622 50 50
77 ~-&67 2. 611 -6b 2. 631 49 47
78 -&3 2. 615 -4&65 2. 632 47 46
79 -64 2. 618 ~-&5 2. 638 46 47
80 ~-&4 2. 621 -&4 2. 641 44 47
81 ~63 2. 630 ~b2 2. 646 47 45
82 -63 2. 634 -63 2. &54 44 43
83 -64 2. 639 -63 2. 661 43 43
24 -62 2. 646 -6 2. 665 42 ' 42
85 -62 2. 659 -62 2. 679 41 40

As indicated, the nose of the interrogation beam was crossed by the
plane at approximately the time tests 73 to 75 were being conducted

Since the interrogation power was set to =49 dEm for the tests
conducted while the aircraft was stationary, and the aircraft antenna
was spproximately 20 dB down from the nose, the majority of the tests

were conducted at or near the MTL of the transponders. This makes the
data of some of the tests somewhat questionable (all tests which
require a 20 percent reply Tate, i.e., dead time, suppression time),

but all reply characteristic type tests are valid.



24K NO POUER SEN. 81 - 1.5 FT -49 DB

o2-APR-85 08151346

TEST MATRIX
1 e 3 4 5 6 7 8 9

10 13 14 S5 99 14 14 14 14 14 14
20 14 14 14 14 14 14 14 14 14 14
30 14 14 14 14 14 14 14 14 14 14
40 14 14 14 14 14 14 14 14 14 14
50 14 14 14 14 14 14 14 14 14 14
60 14 14 14 14 14 14 14 14 14 14
70 14 14 14 14 14 14 14 14 14 14
80 14 14 14 14 14 14 14 14 14 14
90 14 14 © © © o e o o o
100 e © © © 9 o ©e. o o o
110 e © o o o o e o o o
120 © o o © o o e o o

FIGURE B-1. TEST MATRIX TRANSPONDER (SHEET 1 OF 2)



N6o24Kse 1.5 FT -49 DB
02-APR-85 08154127

TEST MATRIX

10 13 14 5 99 14 14 14 14 14 14
ao 14 14 14 14 14 14 14 14 14 14
30 14 14 14 14 14 14 14 14 14 14
40 14 14 14 14 14 14 14 14 14 14
50 14 14 14 14 14 14 14 14 14 14
60 14 14 14 14 14 14 14 14 14 14
70 14 14 14 14 14 14 14 14 14 14
80 14 14 14 14 14 14 14 14 14 14
90 0 0 0 0 0 0 0 0 0 0
100 e o e e e o o 0 0 0
110 e 0 0 0 0 0 0 o 0 0
120 e 0 0 0 0 0 o o 0

FIGURE B-1. TEST MATRIX TRANSPONDER (SHEET 2 OF 2)



F. A. A. TECHNICAL CENTER TRANSPONDER SUMMARY
THIS TEST DOES NOT PRECLUDE TRANSPONDER CERTIFICATION

24K NO POUER SEN. %1 1.5 FT -49 DB

PT2DA .001 02-APR-85 08:51146
CODE 1200
FREQUENCY 1090.8 MHZ 1090 +/- 3
JITTER 0.020 USEC NTE .100 USEC
PULSE WIDTH 0.397 USEC «450 +/- ,100 USEC
BRACKET SPACING 20,310 USEC 20,300 +/- ,100 USEC
MAX CODE PULSE OFFSET 0,006 USEC NTE .100 USEC
MODE A ACCEPTANCE (PS) 7.70 =) 8.45 USEC (7.8 -> >8.2 USEC
MODE C ACCEPTANCE (PS) 20.75 -> 21.40 USEC <20.8 -> 21.2 USEC
DELAY DIFFERENCE (MODE A-C) (US) 0.024 NTE .200 USEC
ATCRBS ACCEPTANCE (PUW) 0.525 - 1.500 USEC

=) MODE C REPLY RATE 0.0 %

P1-P2 RATIO (REP >+ 90%) @ -50 DBM 15 xx 12 xX 9 %Xx 6 %Xx >=9
P1-P2 RATIO (REP (= 1X) @ -50 DBM XX -6 XX -3 XX 0 XX XX (=0

DEAD TIME _ 45,0 USEC NTE 125.0 USEC
SUPPRESSION TIME 38,0 USEC 35.0 +/- 10 USEC
REPLY RATE (1000) '
REPLY RATE (1400)
REPLY RATE (1700)
REPLY RATE (2000) :
$.L.S. ACCEPTANCE (P$S) 1X ) 1.80 - 2.40 USEC <1.85 -> >2.15 USEC
S.L.S5. ACCEPTANCE (PW) 0.350 -5 1.500 USEC

-> MODE C REPLY RATE 0.0 X
REPLY DELAY 2.819 USEC 3.000 +/- .500 USE:>
REPLY POUER 31,0 DBN 48.5 - 57 DBH
o* &A
1\%05

FIGURE B-2. TEST SUMMARY SHEET - TRANSPCNDER (SHEET 1 OF 2)



F. A. A. TECHNICAL CENTER TRANSPONDER SUMMARY
THIS TEST DOES NOT PRECLUDE TRANSPONDER CERTIFICATION

N6o24K$e 1.5 FT -49 DB

PT2DA ,002 o2-APR-85 08154127
CODE 1200

-> FREQUENCY 1996.9 MHZ 1090 +/- 3
JITTER 0.062 USEC NTE ,100 USEC
PULSE UIDTH 0.362 USEC .450 +/- .100 USEC
BRACKET SPACING 20,255 USEC 20.300 +/- ,.100 USEC
MAX CODE PULSE OFFSET -0.,040 USEC NTE ,100 USEC
MODE A ACCEPTANCE (PS) 7.80 = 8.20 USEC (7.8 -> >8.2 USEC

-> MODE C ACCEPTANCE (PS) 20.80 -> 20.95 USEC (20.8 -> 21.2 USEC
DELAY DIFFERENCE (MODE A-C) (US) 0.027 ' NTE ,200 USEC

-> ATCRBS ACCEPTANCE (PVW) 0.750 - 1.500 USEC

-> MODE C REPLY RATE 0.0 X

-> P1-P2 RATIO (REP >= 90%) @ -50 DBM XX XX XX XX XX XX XX XX O>=9
-) P1-P2 RATIO (REP <= 1%) @ -50 DBM XX -6 XX -3 XX XX XX Xx <=0

-> DEAD TIME 140,0 USEC NTE 125,0 USEC
-> SUPPRESSION TIME 0.0 USEC 35.0 +/- 10 USEC
REPLY RATE (1000)
REPLY RATE (1400) X
REPLY RATE (1700) 45 X
REPLY RATE (2000) 37 %

-)> §.L.S. ACCEPTANCE (PS) ( ¢ 1% ) 1.95 = 2.40 USEC <1.85 -> >2.15 USEC
S.L.S. ACCEPTANCE (PU) 0.300 - 1.508 USEC

=> MODE C REPLY RATE 0.0 %
REPLY DELAY 2.599 USEC 3.000 +/- .500 USEZ
REPLY POUER 51.5 DBM 48.5 - S7 DBHM
MODE A SENSITIVITY -69 DBM 69-77 DBNM
MODE C SENSITIVITY ~70 DBHM 69-77 DBM

FIGURE B-2. TEST SUMMARY SHEET - TRANSPONDER (SHEET 2 OF 2)



24K NO POUER SEN. 81 1.5 FT -49 DB
ATCRBS REPLY TEST - 2

0.3,

P .15
0
PULSE POSITION POUER s
1 0. { + +
1 - Fi 0.000 0.0
2 - C1 0,000 0.0 T
4-C2 0,000 0.0 o 915
S - A2 0.000 0.0 N
6 - C4 0.000 0.0
? - A" 00000 000 -9.3
8 - Bt 0.000 0.0 o A g A o
9 - Di . 00000 000 * PUL;E
L6 - B2 0.001 31.0
11 - D& 0.000 0.0 60. -
12 - B4 0.000 0.0
13 - D4 0.000 0.0
14 - F2  e.e10 31,0 S
: 0
CODE = 1200 v
€ 3e. + + +
R
15. 4
e. T ¥ T A
0. 4. 8. 12. 16.
PULSE

FIGURE B-3. MTPA TEST 2 SUMMARY SHEET (1) (SHEET 1 OF 2)



N6024KS2 ' 1.5 FT -49 DB
ATCRBS REPLY TEST - 2

0.3,
P 0.15_
0
PULSE POSITION POWER s
1 0.
1 -F1 0,000 0.0 ¥ ' '
2 -C1 0,000 0.0 '
3 - A1 -0.012 28.0 I
4 -C2 0.000 0.0 o 15
5 - A2 0.000 0.0 N
6 - C4 0.000 0.0
7 - A4 0.000 0.0 .3
8 - Bl 0.000 0.0 “ , N x X
9 - DI 0.000 0.0 : y PULSE
10 - B2 -0.040 27.2
11 - D2 0.000 0.0 6.
12 - B4 0.000 0.0
13 - D4 0.000 0.0
14 - F2 -0.045 27.4- p -
0
CODE = 1200 v
E 3.
R + + +
16._
’. T T T ]
0. 4. 8. 12. 16.

PULS

FIGURE B-3. MTPA TEST 2 SUMMARY SHEET (1) (SHEET 2 OF 2)



100. .,

! } ] ATCRDS REPLY TEST - 2 «
24K NO POUER SEN. 31 1.5 FT -49 D
FREQUENCY » 1090.84
P 5.
¢ DELAY . 2.839
R VIDTH .«  0.397
c 50.7
3
N x
T as.]
x
.0
1080. 1085, 1090, 1095, 1100.
FREQUENCY (MHZ)
100. _ 100. _
f ] ' [ |
P 7. P 2.
3 €
R R
¢ 5. x C 5.
€ E x
] N x
T
as. 5.
X X
X x
x X -
© M NI LB
0.18 0.3 0.45 0.6 0.7 2. 2.6 a. 2.5 4.
PULSE VIDTH (USEC) , DELAY (USEC)

FIGURE B-4. MTPA TEST 2 SUMMARY SHEET (2) (SHEET 1 OF.2)



o1-4

100._

1089,

100._

5.

- Z M O ™M v

as.

.15

1086, 1090, 1095.
FREGUENCY (MH2)

0.3 0.46 0.8
PULSE UIDTH (USEC)

ATCRBS REPLY TESTY - 2

NGo24KsR 1.5 FT -49 D
FREQUENCY =+ 1096.87
DELAY - 2.869
uIDTH e 0.362
x
x
*x
x
1108.
100 .
r 1
P o,
€
R
¢ 5.
€
"
T
ss.
x
‘!(
O-M—‘m
.75 a. 2.5 3. 3.6 4.
DELAY (USEC) '

FIGURE B-4. MTPA TEST 2 SUMMARY SHEET (2) (SHEET 2 OF.2)



24K NO POWER SEN. #1
ATCRBS MODE ACCEPTANCE TEST (POSIT) - 3

: 100.

s |

-
| S

T
7.4

MODE 3/A P1-P3 (USEC) NODE C P1-P3 (USEC)

R s | TR R Y S Ao e A i s e

T
7.4

"

_———
1.6

1.5 FT -49 DB

a2.2

T T 1 T T L e
8. 8.6 9.2 18.7 20.3 el. 21.86

MODE 3/A P1-P3 (USEC) MODE C P1-P3 (USEC)

FIGURE B-5. MTIPA TEST 3 SUMMARY SHEET (SHEET 1 OF 2) °



N6024K$2 | 1.5 FT -49 DB

ATCRBS MODE ACCEPTANCE TEST (POSIT) - 3
100.

% 75.
R

€
P 0. /

Nhmiiunn-nege

: o. T ¥ ¥ ORIOKIOKKK
8. 8.6 9.2 18.7 20.3 1. 21,6 e2.2
NODE 3/A P1-P3 (USEC) : MODE C P1-P3 (USEC)
4.
R R
€ a5 €as.
L L
D D
£ 3.4 . € 3. .
A A
2.5 - 8.8
4
ao T T T ) .. T T T e ey
6.8 7.4 8. 8.6 9.2 19.7 2.3 a1, 21.6 2.2
NODE 3/A P1-P3 (USEC) NODE € P1-P3 (USEC)

FIGURE B~5. MTPA TEST 3 SUMMARY SHEET (SHEET 2 OF 2) .



¢1-4

24K NO POVER SEN. #1
ATCRBS MODE ACCEPTANCE TEST (P.W.) - 4

T i

1.5 FT -49 DB



71-4

NOOBAKEE TCRBS MODE ACCEPTANCE TEST (P.u.) - 4
x 75.-{ mxx‘xm % x xx b
R ‘x44¢¢;

MODE 374 P1,P3 P.U. (SEC)

R
€as.
L
D
E 3. v,
L it gttt £ Tttt
A

a.sd
v

2.
1 L LIS L
0.3 0.6 0.9 1.2 1.8

NODE 3/A P1,P3 P.U. (SEC)

FIGURE B-6. MTPA TEST 4 SUMMARY SIEET (SHEET 2 OF 2)

1.5 FT

-49 DB



e1-d

24K NO POUWER SEN. #1
MODE C ALTITUDE VERIFICATION - 99

100._

% 75..]
R
€
P
L
59..]
v
250—1
°.
-1000. -500. 0. 500. 1000,
ALT OFFSET
STANDARD TRANSPONDER = 900. FEET 100. X VALID REPLY
TEST TRANSPONDER = 0. FEET 0. % VALID REPLY

@. REPLY 0. X BRACKET REPLY

FIGURE B-7. MTPA TEST 99 SUMMARY SHEET (lst RUN) (SHEET 1 OF 2)

1.5 FT -49 DB



91-4

< ~ O M DD »

Neo24KE2
MODE C ALTITUDE VERIFICATION - 99
100._
5.
0.
s,
0 N I
~1000. -590. o. 500. 1000.
ALT OFFSET
STANDARD TRANSPONDER = 900. FEET 100. % VALID REPLY
TEST TRANSPONDER = 0. FEET ®. % VALID REPLY

@. REPLY 0., % BRACKET REPLY

FIGURE B-7. MTPA TEST 99 SUMMARY SHEET (1lst RUN) (SHEET 2 OF 2)

1,5 FT -49 DB



L1-4

24K NO POUER SEN. #1 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - 15

P1 LEVEL (-DBM)

60 50
P1-P2

15 o 100
12 o 100
9 o 100
6 o
3 ¢ 3
() o o
-3 L
-6 o (]

FIGURE B-8. MTPA TEST 15 SUMMARY SHEET (SHEET l QF 2)



81-4

NEO24KE2

SIDE LOBE SUPPRESSION TEST - 15

P1 LEVEL (-DBM)

60 50
P1-P2

15 ¢ 5
12 ¢ S3
9 o S8
6 o ,57
k) & 83
o ¢ 13
-3 L 0
-6 o 0

FIGURE B-8.

MIPA TEST 15 SUMMARY SHEET (SHEET 2 OF 2)

1.5 FT

-49 DB



61-49

24K NO POUER SEN. $1 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - 15
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FIGURE B-9. MTPA TEST 15 SUMMARY SHEET (DELAY) (SHEET 1 OF 2)
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SIDE LOBE SUPPRESSION TEST - 15

P1 LEVEL (-DBM)

60 50
P1-Pa

15 2000

12 2900
9 2875
6 29e0
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FIGURE B-9. MTPA TEST 15 SUMMARY SHEET (DELAY) (SHEET 2 OF 2)
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24K NO POUER SEN. 31 ' 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - 15 '
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FIGURE B-10. MTPA TEST 15 SUMMARY SHEET (POWER) (SHEET 1 OF 2)
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N6o24Ks2 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - 15 ‘

P1 LEVEL (-DBN)

60 S
P1-P2
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9 26.5
6 26.5
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FIGURE B-10. MTPA TEST 15 SUMMARY SHEET (POWER) (SHEET 2 OF 2)
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FIGURE B-11. MTPA TEST 6 SUMMARY SHEET (SHEET 1 OF 2)
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FIGURE B-11. MTPA TEST 6 SUMMARY SHEET (SHEET 2 OF 2)
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24K NO POUER SEN. 81
$,L.S5. SUPPRESSION TEST - 7
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FIGURE B-12. MTPA TEST 7 SUMMARY SHEET (SHEET 1 OF 2)

1.5 FT -49 DB
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N6o24Kse
$.L.S., SUPPRESSION TEST - 7

P2-P3 TINE (USEC)

FIGURE B-12. MIPA TEST 7 SUMMARY SHEET (SHEET 2 OF 2)

1.5 FT -49 DB
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: BS RERLVY-RATE LIMIT TEST - 8
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FIGURE B-13. - MTPA TEST 8 SUMMARY SHEéT (SHEET 1 OF 2)
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FIGURE B-13. MTPA TEST 8 SUMMARY SHEET (SHEET 2 OF 2)



6c-4

24K NO POUER SEN, 81 1.5 FT -49 DB
S.L.S. MODE ACCEPTANCE TEST (POSIT) - 12
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FIGURE B-14. MIPA TEST 12 SUMMARY SHEET (SHEET 1 OF 2)
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FIGURE B-l4. MTPA TEST 12 SUMMARY SHEET (SHEET 2 OF 2)
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24K NO POUER SEN. #1 1.5 FT -49 DB
5,L.5. MODE ACCEPTANCE TEST (P.U.) - 13
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I T T . |
0.6 0.9 1.2 1.5
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FIGURE B-15. MTPA TEST 13 SUMMARY SHEET (SHEET 1 OF 2)
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N6o24Ks2 1.5 FT -49 DB
S.L.5. MODE ACCEPTANCE TEST (P.U.) - 13
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FIGURE B-15. MTPA TEST 13 SUMMARY SHEET (SHEET 2 OF 2)
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FIGURE B-16. MTPA TEST 14 SUMMARY SHEET (SHEET 1 OF 2)
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FIGURE B-15.
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MTPA TEST 14>SUMMARY SHEET (SHEET 2 OF 2)
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24K NO POUER SEN. %1 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - S
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FIGURE B-17. MTPA TEST 5 SUMMARY SHEET (SHEET 1 OF 2)
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FIGURE B-17. MTPA TEST 5 SUMMARY SHEET (SHEET 2 OF 2)
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24K NO POUER SEN. $1 - 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - S ‘
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FIGURE B-18. MTPA TEST 5 SUMMARY SHEET (DELAY) (SHEET 1 OF 2)
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N6o24Ks2 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - &5

Pt LEVEL (-DBM)

75 72 69 66 63 60 57 54 51 48 45 42 39 36 33 30 27 24
P1-P2

15

12

FIGURE B-18. MTPA TEST 5 SUMMARY SHEET (DELAY) (SHEET 2 OF 2)
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24K NO POWER SEN. $1
SIDE LOBE SUPPRESSION TEST - S
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FIGURE B-19. MTPA TEST 5 SUMMARY SHEET (POWER) (SHEET 1 OF 2)
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N6024K$2 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - S
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FIGURE B-19. MTPA TEST 5 SUMMARY SHEET (POWER) (SHEET 2 OF 2)
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0. REPLY 0. ¥ BRACKET REPLY
FIGURE B-20. MTPA TEST 99 SUMMARY SHEET (2nd RUN) (SHEET 1 OF 2)

1.5 FT ~-49 DB
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1.5 FT -49 DB

FIGURE B-20. MTPA TEST 99 SUMMARY SHEET (2nd ‘RUN) (SHEET 2 OF 2)



