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EXECUTIVE SUMMARY 

The Mobile Tr~nspcnder Performance Analyzer <MTPA) was used to collect 
data on gen~ral aviation aircraft transponders in the Atlanta, 
Georgia, are:. The data were collected at three different airports 
<Fulton County, Peachtree/DeKalb, and McCollum> i;-, the Atlanta area. 
The data were collected on 154 transponders at a distance of 250 to 
400 feet frotn the taxiway being used by the aircrat't. The pilots were 
as~ed to hold their position on the taxiway while the tests were 
conducted. 

Data were collected which describe the interrogation d~coding 

char~cteristics o~ the transponders as well as their reply 
characteristics. A total of 24 parameters were c~ecked during the 
test which required approximately 1 minute per transponder. Altitude 
data reported by the transponders· was also compared to that received 
from a calibrated altimeter which is a part· of the MTPA. 

The most frequently failed parameter was the requirement to reply at 
90 percent rate during the side-lobe suppression CSLS> decoding 
accuracy test when the P2 pulse is outside the prescribed limits for 
suppression. Only 41 percent of the transponders tested passed this 
test compared to 65 percent when these data were collected on general· 
aviation transponders at Philadelphia in 1983. 

Seven transponders out of the 154 tested passed all 24 parameters 
tested. Five additional transponders passed .all parameters. but 
replied with "brackets only" to. the Mode C interrogations and were 
failed by MTPA for that parameter. Thus. approx1mately 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 
de(:oding accuracy test and/or were "!:l'i'ackets 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. 
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INTRODUCTION 
OBJECTIVE. 

The abJectiv~ of this proJect was to collect dd~a describing the 
per·rormance of transponders of general aviation aircraft based in the 
Atlanta, Georgia, area. Of special interest were the side-lobe 
suppr~ssion- ISLS) characteristics and the accuracy of the transponder 
reported altitude data. 

BACKGROUND. 

The Federal Aviation Administration <FAA> Tachnical Center was 
requested to provide support to the Headquarters FAA Air Traffic 
Control Radar Beacon System <ATCRBS> Anal~sis 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 operation o~ the Traffic Collision Alert System 
<TCAS) is dependent on the accuracy, reliability. and integrity of the 
transponder reported altitude data from TCAS intru~ar aircraft. The 
air traffic control <ATC> ground-based system normally interrogates. 
the aircraft for their 4096 code identity and Mode C altitude for use 
in the ATC system. The TCAS interrogates the transponders for Mode C 
altitude for use in the airborne TCAS logic to develop comm~nds for 
evasive maneuvers. Importance of accurate, reliable altitude 
information cannot be overemphasized for the safe operation of the 
TCAS. 

The Mobile Transponder Performance Analyzer <MTPA> was used to collect 
large volwmes of data in a relatively short ~~riod of time in an 
operational environment. 

The MTPA is a system designed and fabricated at the FAA Technical 
Center to analyze performance characteristics of all known types of 
aircraft ;~rveillance transponders. The system is mounted in a bus 
which has its own ~ngine generator for system power requirements. The 
system is fully so~tw~re controlled. It includes a PDP-11/34 computer 
with p~~ipherals, two low power programmable transmitters, and 
receiving and decoding hardware so that the format and protocol 
chang~s necessary can be implemented without hardware modifications. 
Digitally controlled phase shift keying <DPSK> mod~lators, pin diode 
modulators. and variable attenuators are used for control of the radio 
frequency <RF) interrogations. The maximum RF power for interrogation 
is approximately one watt. A parabolic dish antanna with 
approximately a 10-desree beamwidth is mounted to the side of the bus 
for ramp testing. The system will operate at anu distance of up to 
200 ruE>ters ;rom the aircraft being tested. 

The t;anspo0der parameters are compris~d of two bas1c categories. One 
set cont3ins the transponders waveform and signal =haracteristics such 
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a s p fJI.U e r , s e n s i t i v i t y , p u 1 s e amp 1 i 1; u d e , p u 1 s e w i d t t, , p u l s e fl r e q u en c y , 
spacing, etc. The second set is message content and response to 
cert~in stimuli. These functions are primarily for Mode S 
transponders, but the suppression tests and the ~ode C altitude data 
P a 1 1 i n t •:l t h i s c: a t ~ g or y f or a l 1 t ran s p on d e.r s . 

The MTPA software resides in both computer random access memory <RAM> 
and on disk. Required routines are overlayed in memory as necessary. 
Software control is broken down into sets and ssquences of tests to 
provide maximum ;lexibility fo~ operator control. interactlon, and 
test time. On-line recording of data is done on ~isk; a real-time 
summary of test 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 
idle loop· interrogations <monitored by an A scope presentation), the 
tests can begin. Tests are nominally conducted at 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 reduced from the 
keyboard in 1 decibel <dB) steps until the interference dis~ppears. 

prior to sta~ting t.he test. 

RELATED ?ROJECTS/DOCUMENTATION. 

1. "ATCRBS Transponder Data from Dayton, Ohio Airshow - 1983, 11 

DOT/FAA/CT-TN83/53. 
2. "Mobile TranspondeT Performance Analyze·r. Volume 1. ·system 

Description," DOT/FAA/CT-TN83/05. 
3. "ATCRBS Transponder Data from Initial Field test of MTPA, 11 

DOTtFAA/CT-TN83/04 
4. "Summary of Transponder Data for Atlanta, Georgia, Area," 

FAA-CT-80-39. 
5. "Summary of Transponder Data June 1977 through August 1978, 11 

FAA-RD-79-56. 
6. "U.S. National Standard for the IFF Mark X <SIF>/Air Traffic 

Control Radar Beacon System Characteristics, 11 FAA Order 1010. 51A. 

MTPA FIELD CALIBRATION. 

The MTPA has previously been calibrated for the bench mode of 
operation. The only difference in ramp operat1on are the path. losses 
<transmit and receive> and the time difference for ~he RF signal to 
travel to and from the transponder. 

This transla~ion i~ easily accomplished by a two-step process. A 
transponder is first connected to the calibrated laboratory cable and 
tested so that its power, sensitivity, and delay ~haracteristics are 
known. This "calibrated" transponder is then plac~d in a vehicle with 
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an antennB mQunted on- its roof and driven down tMe taxiway to be used 
during the test~. Continuous power, sensl~ivity, ar:d delay 
meastJrements are made on the transponder during this trip. As delay 
char~cteri~tics of most tran3ponders vary with received signal 
strength. the int~rrogation signal 1s varied across the antenna 
pattern in order to maintain a -50 dBm signal at coe vehicle antenna. 
<This is only possible since the transponder outpct characteristics 
are known; i.e., if the reply power is 60 dB down from that achieved 
on the calibrated c~ble, the path loss would be known and pow~r of the 
next interrogation would be adJusted so that approximately -50 dBm 
would be seen at the transponder on the next interrogation. ) 

The MTPA antenna pattern also has a vertical component which must be 
con3idered. The RF coupling is significantly better at 5 feet <the 
approximate height OT the rooT o~ the car) than it is at 1 Poot The 
system contains a lookup table with offset values as a function of 
antenna height and distance. Prior to the test, t~e operator enters 
the approximate antenna height of the aircraft under test (i.e., 
3 feet); the transmit power is automatically increased by the offset 
value so that a level of -47 dBm is achieved at the.aircraft's 
antenna. <The measured sensitivity will also ~2 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 wher~ the power was down 
appruximately 3 dBm from that at the nose of the beam.> 

Measurement accuracy c~ power and sensitivity is n~rmally about plus 
or minus 3 dB using 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, 
(Fulton County. Peachtree/DeKalb, and McCollum~ 

scenario was used at each of the airports. 

Georgia, 
The same 

area 
test 

As communications were available with the pilots of the aircraf~ under 
test, the pl~nes were stopped during tne conductio~ of the tests. The 
planes were taxied into position on a taxiway <approximately 400 feet 
away from the bus) so they were in a positioM approximately 3 to 6 dB 
down from the nose of the MTPA interrogation pattern. They were 
instructed to have their transponder and altimeter on as they taxied 
into position. The test scenario was then run while the pilot held 
this position. He was then instructed to taxi past a cone which 
designated the opposite edge of the interrogation beam. CQntinuous 
power. sensitivity <Modes A and CJ, and delay measurements were made 
as he taxied past. The maximum power and sensitivl~Y values achieved 
and the minimum delay value achieved were saved as ~he true p~rameters 
for the transponder. 

3 



Each of the ~hree sites presented its own data collection problem: 
Figure • shows the site plan of the Fulton Coun~y Airport with the 
MTPA bus po;ition. Reflections from the Administration Building 
ac~oss the taxiway area were a minor proble~, but this site was 
?refa~abl• tc one further to the left where the taxiway dropped off to 
a level 3 to 4 feet below the bus. The t~xiway used for data 
coll~ction was approximately 250 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 inter*erence from planes 
taking off 3nd landing on the runway directly in our interrogation 
beam. Power ~eduction of interrogation signals was an effective means 
of minimizing the problem. 

Figur~ 3 is 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 reflection problems when parked 
parallel to the taxiway. The problem was solved by turning tne bus so 
that the antenna pattern was centered at the intersection of the two 
taxiw~ys shown. This caused a slight error in t~e delay data Conly a 
few nanoseconcs) if the tests were allowed to continue past the 
intersection. 

TEST SCENARIO. 

The test scenario selected for use required approximately 1 minute for 
completion. Since SLS amplitude and altitude jata characte~istics 
were of special interest, two separate tests for each parameter. were 
incl4ded Table 1 lists the tests in the order they were conducted. 

The system was calibrated each morning prior ~o start of data 
collection. A run was also made each morning to verify the antenna 
pattern prior to the start of data collection. A set of data on our 
"standard" transponder was also collected at the !tart 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 
Peachtree/DeKalb Airport is included in appendix A. Also included is 
the first ~un from the calibrated transponder af~er the calibration 
pr•:lcess. 
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FIGURE 2. DATA COLLECTION SITE PLAN - PEACHTREE/DEKALB AIRPORT 
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TABLE 1. TEST SEQUENCE FOR THE ATLANTA TESTS ·<ATLl> 

:e:;t MTPA Test 

Se qt;enc: e Te;t MTPA Duration 

No. No. Test Description <sec) 

1 2 Reply Characteristics 0. 5 

2 ·":) -· Mode Acceptance--Spacing 4. 0 

·"'71 4 Mode Acceptance--Pulse Width ..... 2. 0 

4 99 Altitude Comparison 0. 5 

5 15 SLS AMP Characteristics -50,-60 dEm 3. 0 

6 6 Dead Time 1.5 

-, 7 Suprassion Time I 1 . 1,) 

8 8 Reply Rate Limiting 4. 0 

9 12 SLS Mode Acceptance Spacing 10. 0 

10 13 SLS Mode Acceptance Pulse Width 10. 0 

1 1 14 Mode A and Mode c Sensitivity 1. 0 

12 5 SLS AMP Char. "'-40 to -75 dBm 16. 0 

(3 dB steps> 

13 99 Altitude Comparison 0. 5 

14 to •7-••? 14 Mode A and Mode c Sensitivity 1. 0 
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TEST RESULTS. 

Tests were conducted on a total of 154 ~ifferent aircraft 
transponders. Some were tested more than one e, il ut the res•J 1 ts were 
included only once in these data. There were cas3~ when all tests 
were not successfully completed (the transponder may have been turned 
off by the pilot prior to completion or inter;erence from another 
plane invalidated the data from a particular test>. In these cases 
the data are not included in the summaries. Tne 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 measures the characteristics of the ~eplies. This 
test produced data on the following parameters .for 154 transponders: 

1. Reply Frequency. Figure 4 shows the distribution of tne reply 
frequencies from the 154 samples. The frequencies range from 
approximately 1086 to 1096 megahertz CMHz> with approx1mately 
9 percent outside the limits of 1087-1093 MHz. 

2. Bracket Spacing. 
spacing for the 154 
microseconds ( J.IS) 

outside the allowed 

~igure 5 shows the distribut1on of F1-F2 bracket 
samp 1 es. The times varied from 20. 12 to 20. 55 
with six transponders or approximately 3 percent 

range of 20.2 to 20.4 J.IS. 

3. Pulse Width. Figure 6 shows the pulse width distribution from the 
154 transponders. Variations from 0.35 to 0. 625 J.IS were found with 
5 percent outside the limits of 0.35 to 0. 55 J.IS. 

4. Code Pulse Offset. Figure 7 shows the code pulse offset 
variations from the 840 code pulse sampies from the 154 transoonders. 
~1gure 8 shows the maximum code pulse offset <the deviation from the 
nominal position of the code pulse which is 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. 

5. Repl~ Jitter. Figure 9 shows the distribution of re~ly Jitter for 
the Atlanta sample. No planes fell outside the ~rescribed limits of 
plus or minus 100 ns. 



...... 
0 

20. 

" 
0 15. 

c 
c 
u 10. 

R 

R 

E 5. 

N 

c 

FULTON COUNTV~PEACH TREE AND MCCOLLUM AIRPORTS 
154 SAMPLES 

--------. 

E 0 11111111111111111111111111111111111 II II • I I I I I 

1080. 1085.· 1090. 1095. 1100. 

FREQUENCY 

FIGURE 4. FRE~UE~CY DISTRIRITTION - ATLANTA SAMPLE 



..... ..... 

40. 

% 

0 30. 

c 
c 
u 20. 

R 

R 

E 10. 

N 

c 

FULTON COUNTV#PEACH TREE AND MCCOLLUM AIRPORTS 
154 SAMPLES . 

,--- I 

E 0. I I I I I I I I I I I I I I I I 
. I I I I 

20. 20.15 20.3 

F2 SPACING 

20.45 20.6 

FIGURE 5. BRACKET SPACING DISTRIBUTION - ATLANTA SAMPT.E 



40. 

% 

0 30. -
c 
c 

...... 
N u 20. 

R 

R 

E 10. 

N 

c 
E 0. 

0.15 

FULTON COUNTV~PEACH TREE AND MCCOLLUM AIRPORTS 
154 SAMPLES 

I 

0.3 

I 

-

r-- r-

n 
I 

0.45 

PULSE l.JIDTH 

r-

I 

. 

rL I I 
I I 

0.6 0.75 

FIGURE 6. PULSE WIDTH DISTRIBUTION·- ATLANTA SAMPLE 



40. 

" 
0 30. -

c 
c 

...... 
u 20. 

w 

-
R 

R 

E 
10. -

N 1-

c 
E 

0. 
0. 

-

FULTON COUNTY-PEACH TREE AND "CCOLLUM AIRPORTS 
8-40 SAI'IPLES 

I 

r--

r--

-

-
r--

-n r--1. 

0.05 0.1 0.15 e.a 

CODE PULSE OFFSET 

FIGURE 7. CODE PULSE OFFSET DISTRIBUTION - ATLANTA SAMPLE 



FULTON COUNTY#PEACH TREE AND MCCOLLUM AIRPORTS 
154 SAMPLES 

40·.---------~----~ 

" 
0 30. 

c 
c 

~ u 20. 

R 

R 

E 10. 

N 

c 
E 

I I I 0 I I I I I I I I I I I I I I I I I • I I 

0. 0.05 0.1 0.15 0.2 

MAX CODE PULSE OFFSET 

FIGURE 8. MAXIMUM CODE PULSE OFFSET DISTRIBUTION - ATLANTA SAMPLE 



-V1 

FULTON COUNTV~PEACH TREE AND MCCOLLUM AIRPORTS 
154 SAMPLES 

60·.-------------------~ 

" 
0 

c 
c 

45. -. r--

u 30.­

R 

R 

15.-

1-

I--

E 

N 

c 
E 

0. II I ~ I I I 

0. 0.05 0.1 0.15 0.2 

JITTER 
FIGURE 9. JITTER DISTRIBUTION - ATLANTA SAMPLE 



MODE ACCEPTANCE -- PULSE SPACING. This test varies the spacing 
between Pl and P3 o~ the mode interrogation pulses to ascartain the 
acceptance/rgJection characteristics o~ the transponder. Twenty 
interrogations are made in 50 ns increments from the nominal M~de A 
and Mode C spacings minus 800 ns to nominal plus 800 ns. The reply 
rates for the group o~ interrogations at each point are saved. 
Figure 10 shows an analysis o~ the 154 samples ~rom Atlanta. The 
shaded in portion of the ~igure shows the dafined area of the 
specification. Samples ~ailing in this area are out of tolerance. 
For example, the interrogations spaced at 7 ~s resulted in 153 
transponders not replying at all and one which reolied at a 90 oercent 
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 wh4 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 ~s rather ~han the nominal of 
8. 0 and 21. 0 ~·s. Seven were skewed so bad 1 y 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 differences in delay for 
the Atlanta data. Seven planes or about 5 percent failed to meet this 
criteria. Only 147 samples are included because t~e 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 examin1ng the 
individual tests. In general. the c.ause was a single data point in 
the shaded <out of tolerance> area of the data plot. The nominal 
<O. 8 ~s) point was compared to the results of the oulse position test 
which used the same interrogation parameters. After this analysis two 
transponders or approximately 1 percent were out of specified limits. 
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DEAD T!t1E Thi:. ttHt determines how long a tra;1sponder is "dead" 
after respond1ng to ~n ATCRBS interrogation. An interrogation is made 
to solicit an ATCRBS reply. A second interrogation is then moved in 
time from 20 to 140 ~s after the first. The reply rate to the second 
interrogation is used to determine dead time parameter of the 
transponder. It must reply at a 90 percent rate no later than 125 ~s 

following the end of the firit reply. Eighteen transponders 
originally appeared to fail this criteria. They were investigated 
individually to get a better idea of tlleir charac1:.:ristics. 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 11TPA and the transponder which could not maintain 
the 90 percent threshold. Most transponders r5ise 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 conducted. two interrogations were made on tne same interrogation 
sequ~nce which is repeated at a 500 hertz <Ht> rate. giv~ng an 
ef~ective rate of 1000 interrogations per second. If this triggered 
the reply rate limit1ng circuitry. the rece1ver threshold was 
incrt!a.sed. If the coupling was marginal <for whatever the reason,. 
i.e., shielding, poor sensitivity, etc.), it may r.o longer be possible 
to retain tne 90 percent reply rate for the duration of the test. In 
the real ATC environment, the transponder does not receive more than 
about 50 interrogations from the same interrogator in a burst. Thus, 
the situation created with the dead tim~ test was not a reali:tic 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 
chardcteristics o; a single sample showing the effect of the reply 
rate limit1ng on the output of this test. The reply rate limiting 
test of all samples which exhibited this character1:tic were examined. 
If the reply rate was less than 100 percent during this test and iP it 
were 100 percent during the preceding test, it ~as assumed to be in 
reply rate limiting. It was then assumed the dead time to oe the 
point at which the transponder first replied at a 90 percent rate. 
Applying this criteria. only one plane failed to r~spond within the 
limit$ 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 repl<J delay. 
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ATCRBS SUPPRESSION TIME. The suppression time te~t is essentially the 
same as the dead time test except the first interrogation consists 
only o~ a suppression pair <Pl and P2> and, thus, requires no reply. 
The second interrogation is moved away from the r1rst to see how long 
the suppression period (initiated by the first interrogation) lasts. 
The reply 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 
outside the limits of 25 to 45 ~s. 

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 Pl and P3. The spacing batween P1 and P2 is 
then varied in 50 ns increments from 1.2 to 2. 8 ~s. This was t~e 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 than 1 percent (the suppression area--1.8 to 2.2 ~s), and 
<2> the area where it should reply at greater than a 90 percent rate 
<see figure 18>. Eighteen <approximately 11 percent> failed the first 
category while 91 <approximately 59 percent> failed t~e second. 
Detailed investigation of the test results showed that cne 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 accP.ptance 
characteristics of the transDonder. Nominal pulse positions and 
widths are used 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 is set to be 3 dB greater than P1 and P3. 
Widths from 300 ns to 1. 5 ~s 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, althouqh four of these 
failed to suppress altogether. 

SLS AMPLITUDE/DYNAMIC RANGE CHARACTERISTICS. Two 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 powar ratio. The other. 
<MTPA test 5) was run throughout the entire dynamic range capability 
attainable at the transponder <norm~lly the range was from -75 to 
approximately -39 dBm>. 

Test 5 was per~ormed in the ~allowing sequence: the power level of P1 
and P3 were set to -75 dBm. Sets o~ interrogations <100 per point> 
were then made where the ratio of P1 (and P3> to P2 was 15, 12, and 
9 dB <Pi and P3 are greater than P2>, to which the transponder should 
reply at least 90 percent. Interrogations were thP.n made at ratios of 
6 and 3 dB, where the performance 1s unspecified, and at ratios of 
O, -3,and -6 dB where the transponder must reply less than 1 percent 
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(suppress). The reply ratio at each point is saved. The power of the 
group is then increased by 3 dB <-72 dBm> and t~e process repeated. 
This is done at 3 dB increments until the max1mum power output 
capability of MTPA is reached. 

Test 15 performed the groups of interrogatio~5 only at -50 and 
-60 dBm. Figure 21 is a summary of the data from test 15. It shows 
that at an interrogation level of -60 dBm, only 116 transponders 
responded at a rate greater than 90 percent, while at -50 dBm, 149 
reached this level. Since the transponders had not reached minimum 
triggering threshold <MTL> which is defined as the signal level which 
produces a 90 percent reply rate. the specification cannot be aoplied. 
It was used, however, in conJunction with test 5 where MTL can be 
determined. 

The transponder producing the data for figure 22 <the result~ of an 
individual test 5) shows definite SLS problems. At a P1-P2 ratio of 
+9 dB the reply probability drops, as confirmed by test 15 <see figure 
23) which was run at -50 and -60 dBm. The anai4sis program searches 
the "must T'eply" aT'ea <see figure 22> of each individual test 5 for a 
T'eply rate of at least 90 peT'cent. This def1nes the MTL l~vel .PoT' 
this tT'anspondeT' <-54 dBm for this case>. Data from this column 
<MTL>, -51, -48, -45, and -42 dBm <MTL + 9 dB>, are then saved roT' 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 r'!'ferenced to MTL. Figures 24, 25, 26, and 27 aT'e plots· 
of the SLS amplitude characteT'istics from the Atlanta sample at MTL, 
MTL + 3, MTL + 6, and MTL + 9 dB, respectively. The "reply rate" axis 
is not completely linear on these plots. The first row contains reply 
T'ates of 0 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 -6 dB, 91 percent of 
the transponders replied at a T'ate of 1 percent or less. 3 percent 
replied at a T'ate of 2 to 10 percent, 1 percent replied 10 to 20 
peT'cent, 1 percent replied 30 to 40 percent, 1 percent at SO to 90 
percent, and 3 percent T'eplied at 90 to 100 percent. 

The ''must suppress" chaT'acteT'istics apply at all signal levels at MTL 
+3 dB and above. FailuT'es of the specification are indicated by an 
"x" on figuT'es 25, 26, and 27. A total of 10 transpondeT's failed this 
specification with 4 of those failing to suppT'ess at all. 

FiguT'e 27 is a plot of the data fT'om all the SLS amplitude 
chaT'acteristic tests at a level of MTL + 9 dB for each tT'ansponder. 
Only 141 samples passed the thT'eshold of MTL + 9 dB <pooT' sensitivity 
or shielding of the antenna caused a reduction of dynamic T'ange of the 
MTPA interrogations). The maximum signal capability <at the antenna 
of the aiT'cT'aft undeT' test> vaT'ied fT'om site to si~~. but was normally 
in the area of -39 dBm. 
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The "must reply'' area of the SLS specification applies when the signal 
level reaches MTL + 9 dB, so that the P2 pulse <if present> ~ould be 
above the receiver noise. ·Failures to reply at a ~0 percent rate or 
greater are indicated by a "check" on figure 27. A total of 12 
transpond~rs failed this criteria. 

Figures 28, 29, and 30 are typical examples of transponders which 
failed to pass "must reply" portion o.P the SLS amplitude 
characteristics test. Normally, there was a "hole" of- some sort in 
the pattern <see circled areas on the plots>. 

ALTITUDE COMPARISON. In this test <MTPA test No. 99) Mode S 
interrogations are made to our MTPA transponder in order to get the 
proper Mode C altitude data from our calibrated altimeter. These data 
are then compared to that received from the t~ansponder 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 run twice for each transponder. 
The number of samples is 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 o~e or the other of the 
tests and using that for the characteristic of tne transponder being 
tested. It shows that 107 tests (approximately 38 percent> replied to 
Mode C interrogations with "brackets only" or no altitude data. Of 
the remainder which did reply with altitude information, 27 
<~? percent> replied at a rate less than 90 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 wa~ erroneous. 

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

i. Reply Delay Data. The former algorithm used ft3r 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 o~ other. parameters. Figure 32 shows a typical example 
where delay is a function of interrogation pulse spacing. This 
transponder obviously does its timing of.P the P1 culse and the delay 
is set to the nominal value of 3.0 ~s at· cne middle of the 
interrogation acceptance window. As can also be seen from these data, 
this particular transponder had the interrogation acceptance window 
offset from the nominal interrogation spacinq <8.0 and 21.0 ~s for 
Modes A and C, respectively). In .Pact, this transoonder did not 
respond at all at the nominal 21.0 ~s Mode C spac1~g. 

In order to get reply data which would be _meaningful in the sP.arch for 
ATC system problems, the following change was maae to the algorithm 
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which determined the delay data ~or our sa~ple. Since the 
interrogators' pulse characteristics are ti9htly controlled, the 
assumption was made that the interrogators were al~ays at the nominal 
position for all variables during a particul~r test. Thus, even 
though a test varied a parameter on botn sides of n~minal <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 values <one 
from each ·test taken when the variable is ~t 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 samp 1 e. Nine transp enders. or approximate 1 y 
5 percent, were outside the limits of 2. 5 to 3. 5 ~s. 

2. Reply Power Data. Figure 34 shows the distribution of reply power 
data from the 154 samples. After applying ~ 3 dB allowance for 
measurement error due primarily to the reflection environment 
discussed previously, 33 transponders <approximately 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 
fell into this category. 

3. Sensitivity Data. Sensitivity tests <MTPA test No. 14> were run 
continuously as the aircraft taxied past the nose of the interrogation 
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 as the sensitivity of that transponder. The reply power of 
each group was also used as an input to the power analysis above. 
Figures 35 and 36 show the distribution of sensit1vity for Modes A and 
C,respectively. After allowing a plus and minus tolerance for 
measurement error, 39 transponders c~25 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-nLne 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 resoond to at 
least 90 percent o~ the interrogations to a rate cf at least 1.000 
interrogations per second. <Transponders of a1rcraft designed to 
operate above L 500 feet must respond at least 90 percent to a rate of 
L 200 per second.) Figure 37 is a plot of! the reply rate data flrom 
Atlanta. As shown, 10 percent failed to respond at least 90 percent 
at 1,000 interrogations per second. Approximately 5 percent showed no 
reply rate limiting at all at rates up to 2.000 interrogations per 
sec and. 
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DL1:r.n?A00.005 H15101 KIIIG KT78 2.0 fT --47 DB '* I 1111 • I II I II 1111 3 
~I 11CD260f,OOJ NJBNR HflJCOPTfR ON WAGOII 3.0 FT -47 Drt II I 1111 I I '* I II Ill I 
OLJICD:!?OB,OOt 016a?6 ARHY H~LICOPTER 5.0 FT -47 DB II I 111111 $Ill I II II II 
Dl11C0270B.002 11~020 KT76A L-R -2,5 FT -47 DB II I II I Ill lilt I II 1111 
DlliCD27Dfi,OOJ 21510 ARI1Y IIELICOPTER 2.0 FT -47 DB I I II II II till I II I *I I 2 
~Ll IC0::07[1(1,006 N4355T NARCO AT150 ATO 2.0 FT -47 Ort I HOOII lilt I .,)() 1111 2 
PI 1 lCl<::!EIDfi,OOl ti47UC COI.LINS H•R90 II 2.5 FT -47 118 I t(h)OO II lilt llf•OOC• ltll 3 
111.1 :CE<:-'8[1(1,()02 ti4711C I':OLI.II4S H•R 90 12 5.0 FT -47 DB I 10000 I lltl toooo 1111 :! 
111.1 :crc~9[o,,,f103 H62 II FAA 2.5 FT -47 08 I 1111 I 1111 1111 uu 3 
~Lt:CE<29DA,004 1162 t2 FAA 621A I':OI.I.IHS 2.5 FT -47 DB I 1111 '* tltl • 1111 It II " ·' ~1.1 ICB:!9lo[c,001 tllOlRS No\RCO AT5iltt 2.5 FT -47 fort I I :tf•O II lilt UiHl II U ·I 
~LIII':Ii:'9DC,001 N181Rl IIARCO AT 2.0 FT -47 DB UtI 1111 II "'* 1111 lUI ;> 
r•U :n:JOO;,,OOI tii42BE 300X TIIR 5.0 FT -47 liB Ill II I $i1f1 I ;f: Ill* uor. IU 5 
hl111':R10DC.001 2:-'560 APX100 ARI1Y 5.0 FT -47 DB Ill I 1111 II I ttl 1111 tU ::; 
Ul.llCll30[o[I,OOt tiA0489 ARC 300 TRANS, 4,0 FT -47 DB Ill I UOO II Jill ltOO IU 3 
Oil lCE<JO(of.001 ti4.H76 RT-J59A ::0.5 FT -47 D8 IU I UOO II Jill ltOO Ill 3 
Ill 1 :r:trJOUE. 00::0 tJ.l6:!9S 1\ T76A 2.5 FT -47 DB Ill I 1111 II IIU II II Ill 1 
[IL .tll:lc10hf ,001 2::0~51 Af'X44 BOTTOH ANT, 5.0 FT ··47 D8 Ill I 1111 II II I* 1111 ... 4 
Ill 1 lt:l:JOUf' .003 22251 Af'X44 TOF'AIH, RIJLI. 8,0 FT --47 DB Ill I II II II Ill$ Ill I Ill 
01 liCiilODii.OO~ 112110n KING 76A 2.0 FT -47 D9 Ill I 1111 II IIU 1111 Ill 1 
fii.11PT::OO~ .001 24K NO POWER SfN. Jl 1.5 FT -49 DR Ill I 1$000 II Ill$ HoOO U::. :'i 
UL11PT~DA .002 116024KI::O 1.5 FT -49 DB tllll • * ltolOO tt tiUI tooo Ill y 
nLtlPl~OD .001 Nl932N I\JNGKT76 2.0 FT -47 DB lltll ltlllllllllll IIIII 1111 Ill 2 
lll.l IF'l2flfl ,003 114341 1J 211(1 TI11E UITF:RFFRFUCE ON e2 AI T TEST 2.5 FT -47 D8 *1111 1111111111111 I lUI '"* Ill .. .. 
rot I :1' f::'IIE• , 005 N735 Kf~ Sf.CONF1 lR,. n:f>SII.; 3(10 TRANSF'ONOFR 2.0 FT -47 DB IIIII IIIIIIIHH111t t.IUU I :t:C•<"• Ill 6 
IILIIPT2~~ .OOA 1153~40 CESSNA 2.0 FT -54 DO IIIII IIIIIUiiOOIII IIUII 1000 IU ,. .. 

FIGURE 38. ATLANTA INDIVIDUAL TEST DATA SUHMARY - (SHEET 1 OF 3) 
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.I I.U F: (, 'I~ '• ''I :;". It S II. S 99"'1L .·.t: 
fWEL L C till f,l I I. E U SS I. till IH 111· 

rTiT AI; r Oflf:l; s~-:; •· F 1 9 s 1111111\ EOS~i 
f;f(o 0 ro rofii<HI [1 F' 0 Jor•r-:rn IIJFE 
EFTSF f'f'l f' H .. ,. 'I F'f· f· E f I r o'tE lltl 
ll~HPF ~~f U RID~r 01 r T ss u r.r:urr ·, H:s 

~lliPI~h~ .001 3R11Y kiNG :!,(, fl -~.:· roll 1 II II II F•OIIIII Ill* II I 4 ur. I~ I I I .i 
Ill I lf'T2(1C .002 Hl23S6 fiFTA 5000 TF::HI!'if'IIIIIIFR 2.0 FJ --52 [tit I lUI I I h•\11 I I I I II II II UO\o 1111 2 
ltl lli'T2111: • 003 HIR99ol 1\ Ull; TRolNSF'ntHIEr< :!.0 fr --17 ltfl I Ill 1111-tlllll II It II Ill. 1111 :! 
ltL t: f' 12ltC • 004 llb-lO'i'O K ltiG t; T 7 6t't 2.0 FT --17 rol.t * Ill 1111111111 II It II I II I I .f. II 3 ... DLIIPT~IIC ,006 9~~5U TAXIING AUAY ~.o FT -47 DB * Ill II H•OIIIII lilt II 1111 II II 3 
ULIIPT3[1A .001 82335 COLLINS 2.0 FJ --'7 ltJt I Ill 1111111111 I U I II 1111 uu ~ 

,J 

ltt.l H't:liiA .00~ ti5443U I:FSSIM 300 Xf'lltiJoER 2.0 FT ·-!'it roB I Ill I IIIII I lilt I 1111 Ill I • IIL11PT3DA .005 401SL NAF:CO AT-1~0 2.0 FT -55 1'111 I uo UM•ftl I II I* I H•OO II_. .. 
[tl.liPHlH:t ,001 11461>96 Rl300 TRAIISF'OIUIER 2,0 FT -48 Ft8 I Ill 111111 I t II I 1111 I 
rtl.t:F·r3t•l< .002 475Jtt r:ou IllS 5.0 fT -47 ltl'l I Ill 111111 I I .. I Ill I I 1 .,j DLJIPT3[1[1 ,003 475Jtl COlliNS TIIR90 Slf:ONII TRANSPONDFR 5,0 fT -52 Dl'l I Ill 111111 I I II I Ill I I 1 
[tll IP13ftft .004 :!34fttl Xf·OtHtfR 1 3,0 fT -47 Jill I Ill 111111 I I II I 1111 I f• 
DL11PTJ[I£t .005 234AH XPOtlllfR, COLIJIIS 3,0 FT -47 Dll I Ill 11111111 I I II I 1111 I (, • DLIIPTJIIC .001 -l553F NARCO AT150 1, 5 FT -50 D8 I Ill IIHOOI I I I* I I. \Hi I I :! 
DLIIPT3[1C .003 777Al WILCOKS 8141'1 11 X~OIIDFR 2.5 fT -47 DB Ill ... II IIIII * I I* I IIIII * .. 
[IL11PT3~0 .001 9A9~U HARCO AT~8 XPOHDER 2,0 FT -47 DB II Ill I I lt.•l•) I II I 1•oro~ I I ~ ltLIIF'lHtA .001 Hti1510J 101111 I\T78 5,0 FT -5? I'IB II II* I $1lf•i•OI It 1*000{•1 I 3 
ltll lf'T4~A .002 SF.:SSHA 400 XPONltfR 48356 TAILI 2,0 FT -!'jO liB 1111 111111 II II Ill I (i 
DL11PT4[1A .00-1 TAILI 8?08A TEST2 2.0 fT -47 Dll 1111 111111 I* IIIII I 2 .,.. 
DL11PT4DA .006 TAIII n555Y TFST~ XPOND~R KING 76A :?,5 FT -50 DB 1111 111111 It I IIIII I l 
ltLIIPT4[1A .007 TAJI.I 645RJ XPONDFR COlLINS 950 2.0 fT -47 DB 1111 11 •oot I Ill IUIO I 2 
lti.11PT4DA .008 TAIII 20360 XPOND~R COLLINS 950 2.5 FT -47 08 1111 111111 I Ill 1111 I I) • W.liPT4DA .009 TAILI 704PF XPONDFR SFSSNA 300 2.0 FT -47 DB 1111 IIH10I II Ul 1*0(1 I 2 

V1 OlllPT411A .OtO TAIII 73nLFXPONDfR KING AT76A 2.0 fT -47 JIB 1111 111111 I Ul 1111 :t-Ill 2 .... Ill llf' rHo;, , 012 tiRIIL 10 NO KT7R 1,5 FT -54 Jl8 IUO 1•ooo1 I Ill tOOO I ~ '* 5 • DL11PT4[1A .~13 TAII.I 387111 KING XPONDER I ,5 FT -60 OB II IIIII I I Ul 1111 ltU 5 
LOU ll·'l5M .002 TAJLII\5019J Xf·ONDER 1\TU.A 2,5 FT -47 JIB I II 111111 I Ul 1111 1111 
ltl11PT5~A .004 TAII.IRJ41F XPONDFR KING 2.0 FT ·-47 D8 II Ill I* I I 111*1 II I* 1111 ::> 

~ IILllf'TSltA .005 TAJI.I NJ5361 XPONJJFR KINA I\T7R ·?,0 FT -47 JIB II IUOOI I IIIII uoo 1111 1 
ltl-1 lf·JSilB ,,)01 TAII.I N45FF.: !(f·ONDf.R lONG KT75R 2.5 FT -47 JIB II 111111 I IIIII 1111 I II I (j 
JoLIIPTSOB .002 TAILI 6569H POtiDER fFSSNA 300 2.0 FT -50 1'111 Ill r11111 I IIUII IIIII 1111 1 • ULIIPT5[1£t .004 TAILI N4302Y XPONDf.R NARCO AT5CIA 2.0 FT -47 1'18 I 111111. *'*I • 1111 1111 4 
lOLl lf'T5ltJt .005 TAll. I 4355W 2,0 FT -47 DEc I II tOOl I 1111 1•oo 1111 
IIL11Pl5[1[1 .006 TAJII 80173 XPONDFR KINA KT76 2.0 FT -47 r•B I IUf•OUI 1111 1400 II II 2 II) ltL11P15Dft .007 TAII.I N941R6 XPONDFR CFSSNA 300 2,0 FT -47 Dl.l I 11*00111 1111 I *00 II II I 
ltl llf'TSDB .008 fAill!i319P XPotiDER rFSf>NA 300 2,0 FT -47 I'IB I II IUiHtlll Ill U I tOO II II 3 
OLIIPT61lA .001 TAill 620JH XPONDFR KINA KT76A 2,0 FT -53 DB I I 11111111 I* 111111*11 2 .... liLt I Pli.[IA , 002 TAIL I N139C XPONDFR KUlA KT 76A ;:>,5 FT -51 PB I I ltOCIIII .. 1*-001 Ill 2 
DLliPT~DA .003 TAI1.142JCW XPONJIERl 2.5 FT -47 DB I I IIIII II .. 1111 I Ill I 
ltl11P16[1A .004 TAIL14:?1CW X~ONOER2 2,5 FT -47 Dll Ul I I IIIII II I* II Ill IU 4 ~ ltll I f·T !,ftf.t , O!"•A TA 1'- l57259 X PONDER KINA I.-:J76A TF:ST2 1.5 FT -48 D8 IIIII l II IIIII .. IIIII til 2 
ltll lf'Tblto't .001 1Aill?8967 XPONJIFR COli HIS HtR950 :>.o FT -47 JIB IIIII I I tOO Ill II 1•oo1 Ill I 
~LliPI611A .oos lAIII IIBANS XPOND£R NARCO AT50A 2.0 FT -47 DB IIIII I II IIIII It IIIII ... 3 ;lJ DL11Pl6DA .010 lAILI 3438E XPONDFR CFSSNA 300 TFST2 ?,0 FT -47 DB IIIII I IIIII II II IIIII Ill 0 
ltL11~T60A ,011 TAIII 57620 XPONOFR NARCO ATSOA 2.0 FT -47 DB* 11111*1 I I tOOl II It ltOCII IU 6 
ltl11Pl6[1A .012 TAII.I JOJ5L Xf'ONDFR KJNG KT78A ;>,O FT -49 Dll I II IIIII ... 111*111 .. I lUI Ill :> d ~LtiPT6DA .OtJ TAII.I R9J5H XPONDfR ~FSSIIA 300 2,0 FT -~J DB I IUIUO II tOOOIII I* tOOOI II* r .. 
DL11f'f6(o(a .014 TAitt 5lo408 XF'IItlltfR NARCO AT15() 2.0 FT -54 Dll * 1111111 II IIIII II II 1111 I Ill 1 
Ill I lf·J!,(IA .Ot5 TAII.t 201CLJ XPONitF:R KJUG 76A 2.0 FT -47 Dtr I IIIII II II IIIII II 1*1.1 II II I ... 3 e ltl.l lf'16[t(l .016 fAll t 4006J XPONDER I\Jtl6 2.0 FT -47 DB 1111111~1 II IIIII II 1111 II Ill Ill 0 
ltlllf'l?rtta .001 TAII.IRR4311 XPONJif.F: AT50A 2,0 FT -47 DB tllllllll II ltOOIII 1111 ltOOI Ill 2 

• 
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VI 
N 

Jolt :F·J?ro;, .00:> 11111 tii91H:!I XPONfoFR 1\ING 
fiLIIHC90A ,001 Tllllt~076U XPONOER KIN~ KT7A~ 
DL1111~9DII ,00:> TAiii~R~47 XPONOFR NIIRfO 1\TlSO 
DLIII1~9fl~ .001 TIIILIN94709 XPONDFR 1\lNR ?A~ 
Jot l:llf:•,·ro~ .001 Trtll.t79411:! Xf'ONJoFR &Fl{t !')000 
JoLt:tU:90[o .001 TtHll140739 XPONOFR rcrtHilX TFST:! 
loll :u • O<ll tl97t:>ll lfARt:O ATSOA 
IOU 111 .00::! tlfl:!58fl Kltlr. 'KT7lo 
blliG ,003 Na::!a:!Z KING KT7611 
Olll& .00~ N8274T CfRSNA 300 
lolliG .005 N64S3H KJNG KT7611 INTFRfERENCE 
DLliG .006 ti7~7HC CFSSNA JOO 
lol11MC10[11\.00J TAJII93~0N 

DlliH~toro~.OOl TAILIA340P XPONDFR ~FSSNA 300 
OLJIHCJO[II\,004 TAILI6:!2BC XPONDER KING KT76A 
DlliMfiOfiA.OO~ TAll t9441~ XPONDFR CESSNA 
JoLt 111C10lti\,006 TAJI l-t937H XPONDER CESSN~ 300 
DlliMClODI\,007 TAll 1~:!19Y SHlEI.OINn PRO~. 
Hl..t 111C10tcJo,OOl N7HWR RT 35911 fUEL TRIIJ:I\ I Hfll, 
HL11M~IOD8,004 N221AH HELICOPTFR 3RO TRY 
1111 ltiClOlo[o,OO:'i tf:::0791 T 1\JNG I\T7611 ll TR~NS, 

Dl11HftOIIB,006 H279tT REOFNCY ~2 TRANS. 
I~ 1111C10DD.007 TAJLI2777Y XPONDER 1\JNR Kf76 
Ill liMCilDI\,001 ti7026P NARCO IIT50A 
DUIUCllOA.OO::! TAILI0876X XPONDFR KINO KT76A 
Dl11HC1tDA.OOl TAili8961U 
roU:IIC1Hc,·,,o04 TAJL165740 XPONDFR CF.SSNA :100 
Dllii1~11DI\,005 N44979 NIIRCO 
Dl1111C11DI\,006 N9265fl KING KT7R 
DL11HCJ2DA.001 N6707H 
Dl.1111CI2DA.002 N5555Y PARSFD ~EAH 
lll.lii'IC12DA.003 N990AR KINO KT76A 12 
DlliH~l2fiA,OD4 N990AR TRANS, 11 
OL11HC12DA.005 TAILI5389Q XPONOF.R CESSHA 300 
DL11HCJ~nA.006 Tl\11164136 XPONDFR CFSSNAlOO lNTFFERENCE SfN, 
Dl11HC120~.007 TAilt538HC COlliNS l 
toll IHrtnc.\,00~ TATtt:nBHf: COI.LINS 2 
IOU li1Cl2to;,,010 TAll 150711C Hfl I, f.OILJtiS 
Dll1Hf:12nA,Oil N3949~ KING 78 NO SENS. 
lll.1 lllt:12Joio.012 TAILI7026P tiii~CO Al58 

. rculllr.t:•n,,,ot3 ti2524Y 
fllliHCl2lt~.001 N~55FC KT76A 
DlliHCl3JoA.OOl Tl\11.152806 XPONDFR R23511 
DL11HC13DI\,002 TAJLIA1177 XPONDFR KJNO ~T76A 
HI INCt:nc;,,oo4 TAll t4621R COU INS 
DLIIHClJDA.005 TAIII3598J NARCO 111150 
Dllll1~1lDA.007 TAIII63-t4V CESSNA 300 TES:! 
IILliHC13D~.008 TAJLI47fl50 KJNG KT76A 
OlliHCiliiU.OOI N~34~T KINA lNC. TEST 
[Ill ltiC13toC,OOl JAJI l:'i:'iii1W tiARCO All 50 
DLIIHCl~Jo~.oo~ N26076 KINO KT76 

.,; 

f''l'f' .. t,•r: ';'':···· ~5 

J "" f II 99'1''1 'i'i Jo S Ll. 
lWEI. I. C Htl IH I I. I II SS 

FTlT Af ~ OO~k ~iII P 19 
RTD o ro rou~rn 11 r o 
EFTRF PPI P Fl )f PP 
Qfdlf'F SSf L1 r.rnrr 0 I T T !iS 

I* I II II II II f,llO I II II II II I 
Ill 111111 ltHIIII llllltl 
Ill II II II lit nc, II I II II 1*1 
Ill 111111 11111111 llllltl 
II I I* *0 II Uo)OI) 1t. I II II U I 
II 111111 IIHollt 1111111 
II lit. I I~ tiO Ill 1111111 

I 1111 1111111 IIIIUI 
II II If 0(, lt.l II 111$1 
1111 1111111 IUIUI 
1111 1111111 llllltl 
I I I I • oo I I I I I *I I* 
I II UC•Iol II Ill Ul 
I II UOOIII lltlll 
I II 1111111 IIIIU 

tl UOOIII IIIII 
I ltOOIII ltll* 
I IIIIIU IIIU 
1 1•oo11 Ulll 
I 111111 IIIU 
I 111111 IIIU 

*1111 I 1*0011 IIIII 

2.0 FT -47 hE< 
:.>.o.rT -~7 1o1c 
2.0 FT -47 roB 
?.o FT -47 reB 
:!.0 fT -4-1 DJo 
:>.o rT -44 r•B 
5.0 FT -37 rotc 
2.0 rr -H rorc 
2.0 FT -44 r•ll 
:.>.0 fT -44 DB 
2.0 FT -44 Dfl 
2.0 fT -~:! DB 
:!.0 FT -47 DB 
2.0 fT -47 DB 
2.0 fT -47 Dfl 
:!.0 FT -47 Dll 
2.0 fT -47 DB 
2.0 FT -44 DB 
2.0 fT -47 DB 
3.0 fT -47 DB 
.2.0 fT -47 DB 
~.0 FT -47 DB 
2.0 fT -47 DB 
2.0 fT -47 DB 
2.0 fT -47 DB 
2.0 fT -47 DB 
2·0 fT -47 D~ 
2.0 fT• -47 DB 
2.0 FT -47 Dfl 
2.0 fT -47 DB 
2.0 fT -47 [lfl 
2.5 fT -47 DB 
2.5 fT -47 DB 
2.0 fT -47 [lfl 
2.0 FT -47 DB 
2.0 fT -47 DB 
2.0 fT -47 DB 
J,O fT -47 Dfl 
5,0 fT -47 DB 
2.0 fT -47 DB 
2.0 fT -47 DB 
2.0 FT -47 DB 
2.0 fT -47 DB 
2.0 J;T -51 DB 
2.0 fT -47 DB * 
2.0 fT -47 DB I 
2.0 FT -47 Jo(l I 
2.0 fT -47 roB * 
2.0 FT -47 Jc(l I 
2.0 fT -50 foB I 
2.0 FT -47 na 

I II II t lt.OO I I I I II I 
IIIII II UOilll lllltl 
IIIII II IIIII* IIIUI 
IIIII II UOO II Ill Ul 
IIIII II 111111 UIUI 
IIIII II 111111 IIIUI 
I I Ill U* I U*O I I II I Ul 
I I I I I I I I I I •oo I I It I I I 
llllt ItO tOOOit II ltl 
tllll Ill 1111111 II Ul 

Ill Ill lllllltl II ltl 
Itt tiO ltttOitl It Itt 
til Ill U•iOIII I Ul 

Ill 1111111 I Ul 
Ill llllltl I Ul 
I I I lttlO I I I I I I 
1101 UclOIII I It 
I I I I UOO U I I It 

lttOI tOOOI*I I II 
IIIII 1111111 I I* 
11111.1 ltOOIII till 
111111 1111111 IIU 
111111 ltOOIII 1111 
111111 1111111 IIU 
111111 IIIIIU *Ill 
111111 ltvOIII lilt 
111111 1111111 *"* 
111111 UOOIII 1111 
I I I I I I I tOO I I I I I It 
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ANALYSIS OF THE FAILURES AND THEIR EFFECT ON THE ATC SYSTEM. 

A program wa~ written to examine all the data colle~ted ~or the entire 
sample and output a summary sheet containing the parameter<sJ ~ailed, 

if any, for each of the transponders. The summary output o~ this 
program is shown in ~igure- 38. An 11 * 11 indicates a ~ailure o~ the 
parameter at the top o~ the column < L e., the i!irst entry "Beechcra.Pt 
twin" ~ailed to reply at least 90 percent to the SLS pulse spacing 
test at all required points>. A "0" indicates that, ~or some reason. 
the parameter was not tested. As an example, aircra~t "019017 11 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 t~e effect on the ATC 
system. The failures will be discussed by paramet~r. 

1. Frequency. Approximately 9 percent o~ the transponders tested 
f~ll outside the allowable limits of 1097 to 1093 MHz. As the reply 
pulse frequency .deviates ~rom the center ~requency <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 signi.Picanc. The 
pulse will be attenuated approximately 2. 5 dB and stretched to about 
550 ns, compared to an input pulse at 1090 MHz which would produce the 
proper pulse width of 450 ns. As the frequenc~ deviation reaches 
beyond appro xi mate 1 y 4. 7 MHz, how ever. the distortion o~ the output 
pulse becomes severe. Beyond this point, in addition to more 
attenu~tion, the pulse splits into a pulse pair approaching a limit of 
1 / b and w i d t h o fl t h e r e c e i v e r or a p p r o x i mate 1 y 0. 12 5 n s. T h e one sam p 1 e 
encountered at a frequency o~ 1096.9 would almost surely not survive 
the thre$holding process o~ the digitizers as the video output of the 
receiver would be attenuated by approximatel4 i5 dB and eacn pulse 
would appear as a pulse pair approximately 250 ns wide. 

The pilot of! this plane had received a letter ~rom the FAA indicating 
a potential problem with his transponder. The data from his complete 
test is furnished as appendix B. This transponder never raached a 
90 percent reply rate in any o~ the tests. If this transponder uses 
the transmitter ~requency source as the local oscillator ~or its 
receiver Cas many designs do), the problem ofl oulse distortion would 
occur in its receiver and could account for the overall poor 
performance because of only this one Cflrequency> parameter. 

The receiver of the MTPA system has a bandwidth of 20 MHz, so the 
distortion due to the MTPA receiver of the o~f frequency signal is 
negligible. 

2. Bracket Spacing. The ground system bracket det~ctors are normally 
set to accept bracket pairs spaced at 20. 1 to 20.4 ~s in order to 
accommodate out of tolerance transponders. As a result of this 
widened acceptance zone, of the six transponders out of the specified 
limits only one would have probably not been detected a~ its spacing 
was 20. 55 ~s. 
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3. Pulse Width. Most of the ground systems contain "pseudo-lead 
edge" logic, •JJhich inserts extra lead ed:J-'S into the code 
determination logic when the input pulse exceeds a certain value. The 
assumption is that a wide pulse is really the result of the 
overlapping of code pulses from two ATCRBS replies, so one lead edg~ 
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 "garble or 
overlapping" situation. This parameter is normall•J site deoendent, 
but a normal value is approximately 600 ns. Some of the tran~ponders 
with wide output pulses would probably trigger tnis pseudo-lead edge 
mechanism and may result in the declaration of two targets where only 
one really exists <split targets). 

4. Code Pulse offset Transponders which fai1ed this specification 
would probably be detected with the wrong code. Depending on the 
sampling point of the code pulses on each reply, the correc~ code 
could occasionally be decoded, but the validity of the code data would 
be low. 

One transponder replied with the wrong code during the test. At 
that time we were not requesting the pilot to reply 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 5777. In this way we could at least ascertain if most code 
bits worked (if the bit were always "on" we still wculd not know it). 

5. Mode Acceptance--Pulse Spacing. The transponoers which failed 
this parameter will perform at a level which deoends on the accuracy 
of the interrogator timing. Even if the transmitte~s aTe exactly at 
the nominal spacing. seven transponders would not reply to Mode C 
interrogations. In addition to the loss of =ltitude data, the 
probability of detecting the target at all wculd suffer if the 
detection algorithm uses the Mode C data. 

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

7. SLS Acceptance--Pulse Spacing. Since this ~est was the most 
frequently failed <only 41 percent passed), it deserve$ special 
consideration. This compares with 65 to 70 percent <in the ar~a where 
90 percent replies are required) as measured in the Philadelphia 
sample taken in 1983. As stated previously, the a•:ceptance aTea of 
the transponder was usually too wide or skewed to one sirle or the 
other. Most of the transponders still suppress~d wnen tne P1-P2 
spacing was 2. 8 liS. If there is any Mode 1 activity, these 
transponders would see this interrogation as a suporession pair and 
suppress. It is also possible that some other RF activity with a 
pulse width of approximately 3 liS <a rise time of about 100 ns or less 
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is also reqYlred) produces a pulse pair in the receiver output of the 
transpcnJ~ri j~causa of tne off frequency chaTacteristi~s of a 
banawidth l 1m1ted receiver. If this signal were an omnidir~ctional 
r3diating 0a~~~~n. the suppr~ssion time of this group of transponders 
wowld Je ;-eatly increased, which would cau~e a drop in the 
oronabil1~y ~f a reply when interrogat~d by the AT~ system. 

8. SLS Amplitude Characteristics. The primary problem here appeared 
to be sm3ll ranges of signals where tne transpon~srs did not respond 
at a 90 ~erc~nt rat~ when required <especially at ~ P1/P2 ratio of 
9 dB>. Thi~ could lead to spotty coverage as those signal levels are 
encountered during the flight. Those which did not suppress at· all 
would p!'ObBbly result in "ring around" targets when near the 
.i.nt~r<"ogator in range. 

~ Altitude Comparison. Approximately 38 percent cf the transponders 
were not ",:~ltitude equipped" as they replied with only brc;ckets to 
Mode C int~rrcgations. The 5 percent with altitude errors p~esent a 
~erious p!'obl~m to both TCAS and the ATC system. 

10. Reply Delay D3ta. Since so many transpon~ers' reply data were a. 
function of the interrogation pulse spacing. i~ 1s important that 
the~e pul;es be maintained at their nominal value (this is espP.cially 
true for the TCAS interrogators) to avoid range errors. 

11. Sensitivity 3nd Power. Failure of these t~o parameter5 
result in a reduction of the range of co\·erage from .~ne 

int~rrogator, or in an increased loss of replies when the aircraft 
in the process of making a turn. 

will 
ATC 
is 

The r~main1ng pc;rameter measurements compare reasonably ~ell with 
those collected previously. Thus, if the Atlanta area is experiencing 
more problems than normally encountered, it may well be the activation 
of the more ~asily triggered suppression mechanism of the transponders 
based th~"'e. 
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RECOMMENDATION 

In g~neral. tne· failure rates of the transponders tested in Atlanta 
are comparabl"= with those previously tested (i.e., Philadelphia and 
Dayton) with one exception. That is the susceptibility of the 
Atlanta-based transponders to suppression initiation. Only 41 percent 
passed the SLS pulse spacing tests compared· to a 65 to 70 percent pass 
rate at Philadelphia. <This is the only data available on this 
parameter. ) 

If the ATCRBS problem is more severe at Atlanta, the parameter 
discussed above is a candidate as the possible cao3~ as it is the only 
one significantly different from the previous data. 

It is important to say that the tests only . show a vulnerability to 
suppression initiation. The main problem is supp~ession action as a 
result of interrogations which should not ~e recognized as a 
suppression pair. In order to cause a problem for the ATC system, 
something in the environment must initiate a suopression by some 
interrogation. 

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 o.P the receiver <i.e., a 2. e I.IS pulse with a 
fast rise time at a frequency of 1020 MHz will e~it the receiver as a 
pulse pair at 2. 8 J,IS). The maJOrity o.P the Atlanta transponders could 
then be suppres~ed by the s~ngle pulse. 

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

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

A total o; 154 different transponders were checkeci at three different 
general aviation a1rports in the Atlanta, Georgi.a, area. The planes 
were stopped at one edge of the ~TPA interrogation where the tests 
were conducted. The pilots were then instructed to taxi across the 
interrogation pattern while power, ~ensitivity; and reply delay 
measurements were made. 

Figure 39 gives a summary of the testing of the Atlanta sample. As 
indicated, the most failed parameter was the requirement to reply at a 
90 percent rate in tne 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 oarameters 
tested. Five additional transponders passed 3!1 parame~ers, but 
replied with "brackets only" to the Mode C interrogations anu were 
failed by MTPA for that parameter. Thus, approx1mately 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 parameter.s. 
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HOllE C PULSE Sf'ACIN6 .1.3 OUT OF 
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liELAY DIFFERENCE A-C 7 OUT OF 

HOllE ACCEPTANCE PULSE WIDTH 

liEAD TIHE 

SUPPRESSION TIHF. 

SLS PULSE SPACING <l% 
SLS PULSE SPACING >90% 
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Figure A-1 i; a copy of the screen after the calibration process has 
beeP c0mplata~. It shows a histc~y of the events during the run. The 
na.n~ ·:>P ~h~ MTFA program is "COUPLE." The name of the calibration ·Pile 
for the .ja•~ is "PT2." The sensitivity, pow:!r; and delay data were 
collected twice on the calibrated cable to check for repaatability 
prior to moving the transponder to the car for the calibration run on 
the· ramp. FtJnction "2" <Transponder in Remote J_ocation) was then 
selected and the c~r was positioned at o~a of the edges of the 
interrogation pattern. Data were then collected as the car ~as driven 
through the p3ttern to the opposite side. The couple program searched 
these dat.:1 lo•:>king for the maximum power, sensitivity, and the minimum 
delay. <The arrowJ in the left hand column indicate that one of these 
par-ilmaters was updated during that set of tests.) wl'\en the power and 
sensitivity have both de~reased by 10 dB from the maxim~m value 
achieved duri"g the run, the file is then closed by selecting function 
a3" and entering the approximate distance for use in the vertical 
offset table ;election. 

Figures A-2 through A-6 are the data from the pattern run after 
calibration. The values of power, sensitivity, a~d delay which would 
be used as the true parameters for that transponder are c1rr.led on­
figure A-2. When compared to those from the c~librated cable <see 
figure A-1), it is saen that the sensitivity and dP.lay values are very 
close but the power is off by about 1. 4 dB. Tna plot of the power 
data (figure A-3) shows a dip where the maximum should have occurred. 
This could have been caused by a number of reasons <reflections, 
interference, etc.), but is well within our tolera.,ce. 

Figure A-7 is 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 limits. 
The arrows be;ide "Mode S reply rate" merely mean that the tran;ponder 
in MTPA which supplies the calibrated value for tna 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 value of delay which occurs during any test. 
(Some of the tests affect the delay.) 

· A-1 



o!J 
eaf,h,J-41 
a~ble 

~ COUPLE 

M. T. P. A. COUPLING PROGRAM 

~NTER CALIBRATION FILENAftE *PT2 

1 - TRANSPONDER ON CALIBRATED CABLE 
2 - TRANSPONDER IN REMOTE LOCATION 
3 - DATA COLLECTION CO"PLETE 

ENTER . FUNCTION (L_),_, . 
CAL SEN •-77. POU • 57.9 DEL • 3.185 

1 - TRANSPONDER ON CALIBRATED CABLE 
~ ~~~ td~2 - TRANSPONDER IN REftOTE. LOCATION 
"-' ffd tpr-a 3 - DATA COLLECTION COMPLETE 

"able . - . 
c ENTER FUNCTION /i) :.._ / 

CAL SEN • -77. POU • 57 .\f DE.l/ • 3. 182 

) 

-) 
-) 
-) 
-) 

-> 
-> 
-> 
-> 
-> 

SEN 
.~ SEN 

SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 

REMOTE 
SEN 
SEN 

•-57. POU • 53.3- DEL • 4.103 
•-57. POU • 53.5 DEL • 4.10 .. 
•-57. POW • 53.5 DEL • 4.103 
•-58. POU • 53.5 DEL • 4.102 
•-58. POU • 53.7 DEL • 4.1~0 
•-58. POU • 54.5 DEL • 4.099 
•-58. POU • 54.5 DEL • 4.104 
•-58. POU • 5~.6 DEL • 4.102 
•-58. POU • 55.0 DEL • 4.1~4 
•-58. POU • 54.6 DEL • 4.103 
•-58. POU • 54.1 DEL • 4.105 
•-57. POU • 54.5 DEL • 4.108 
•-57. POU • 54.2 DEL • 4.109 
•-56. POU •· 53.5 DEL • 4.111 
•-56. POW • 53.0 DEL • 4.113 
•-55. POW • 51.9 DEL • 4.112 
•-54. POW • 51.2 DEL • 4.118 
•-52. POU • 49.8 DEL = 4.120 
•-51. POU • 49.0 DEL = 4.128 
•-50. POU • ~8.0 DEL • 4.131 
• -~9. POU ·-.--.f-?-;-5" DEL = 4. 133 
•-48. ·'pou .'• 46.7 DEL • .f.135 
·~4~. POW·· 45.5 DEL • 4.1 .. 0 
•-58 .. POW • 55.0 DEl • of.09 

f'~o/flff~ 1 - TRANSPONDER ON C•ALIBRATEJ/ CABLE 
,)e/etf"'"(_ 2 - TRANSPONDER IN REMOTE LOd(ATION 

3 - DATA COLLECTION COMPLE1E 
- .J,&o/7 1 - TRANSPONDER. ON CAll BRA TED CAE. LE 

ENTER FUNCTION (!/.Je.~ ~2 - TRANSPONDER IN REMOTE LOCATIOU 
EXTRACT DATA <N•0) 3 - DATA COLLECTION COMPLETE • 

run 

-H,hrl 
s.-.kef/o d ' 

. -~--~------------- ~ ( <CR> UHEN READY ENTER FUNCTION (=!) /- -- f'-O~'dJ~ 
ENTER DISTANCE < 100- > 80~-) ( .. '-''-'-(117 /oo.k<jP __ . 

lAUSE 

t,~ -> &lib~ =~ 
~u(l -) 

-) 

-) 

-> 

SEN ·-~9. POU • ~6.2 DEL • ~.121 
SEN •-51. POU • ~8.1 DEL • ~.120STOP 
SEN •-53. POW • ~9.5 DEL • ~.11~ 
SEN •-5~. POW • 51.3 DEL • ~.109. 
SEN •-55. POU • 52.~ DEL • 4.107 
SEN •-56. POU • 52.6 DEL • ~.104 
SEN •-56. POU • 53.0 DEL • ~.106 

FIGURE A-1. SAMPLE FIELD CALIBRATION DATA RUN 
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ENTER DATA FILE NAME *PATPT2 38 SEN• 74. POUER• 55.2 DELAV• 3.182 
1 SEN• 54. POUER• 37.0 DELAV• 3.293 39 SEN• 74. POUER• 54.5 DELAV• 3.179 
2 SEN• 54. POUER• 36.9 DELAV• 3.294 40 SEN• 73. POUER• 53.9 DELAY• 3.186 
3 SEN• 54. POUER• 37.0 DELAY• 3.294 41 SEN• 72. POUER• 53.5 DELAY• 3.182 
4 SEN• 54. POUER• 37.0 DELAY• 3.292 42 SEN• 72. POUER• 52.3 DELAY• 3.181 
5 SEN• 54. POUER• 37.0 DELAY• 3.295 43 SEN• 71. POUER• 51.2 DELAY• 3. 184 
6 SEN• 54. POUER• 37.0 DELAY• 3.293 44 SEN• 70. POUER• 49.8 DELAY• 3.193 
7 SEN• 54. POUER• 37.0 DELAY• 3.294 45 SEN• 68. POUER• 48.7 DELAY• 3.193 
8-SEN• 54. POUER• 37.0 DELAY• 3.293 46 SEN• 67. POUER• 47.3 DELAY• 3.194 
9 SEN• 54. POUER• 36.9 DELAY• 3.294 47 SEN• 66. POUER• 45.7 DELAY• 3.199 

10 SEN• 54. POUER• 37.0 DELAY• 3,302 48 SEN• 64. POUER• 44.6 DELAY• 3.205 
11 SEN• 53. POUER• 37.0 DELAY• 3,303 49 SEN• 62. POUER• 41.4 DELAY• 3.215 
12 SEN• 53. POUER• 35.7 DELAY• 3.300 50 SEN• 60. POUER• 38.6 DELAY• 3.225 
13 SEN• 53. POUER• 34.3 DELAY• 3.297 51 SEN• 58. POUER• 36.9 DELAY• 3.236 
14 SEN• 54. POUER• 33.7 DELAY• 3.285 52 SEN• 58. POUER• 35.9 DELAY• 3.239 
15 SEN• 55. POUER• 35.7 DELAY• 3.256 53 SEN• 57. POUER• 35.3 DELAY• 3.246 

:r 16 SEN• 59. POUER• 39.7 DELAY• 3.240 54 SEN• 57, POUER• 34.9 DELAY• 3.250 
17 SEN• 61. POUER• 42.8 DELAY• 3.228 w 
18 SEN• 63. POUER• 45.2 DELAV• 3.!1~ 
19 SEN• 67. POUER• 46.6 DELAV• 3.20 
20 SEN• 68. POUER• 48.1 DELAV• 3.202 
21 SEN• 70. POUER• 49.8 DELAY• 3. 197 
22 SEN• 71. POUER• 51.5 DELAV• 3.195 
23 SEN• 72. POUER• 52.3 DELAY• 3. 194 
24 SEN• 73. POUER• 53.3 DELAV• 3.194 
25 SEN• 74. POUER• 53.7 DELAV• 3.189 
26 SEN• 74. POUER• 54.5 DELAY• 3.191 
27 SEN• 75. POUER• 55.0 DELAV• 3.189 
28 SEN• 75. POUER• 55.5 DELAV• 3.188 
29 SEN• 76. POUER• 55.8 DELAY• 3.187 
30 SEN• 76. POUER• 56.3 DELAV• 3.186 
31 SEN• 76. POUER• 56.4 DELAV• 3. 186 
32 SE~OUER• 56.2 DELAY• 3.184 
33 'SE • 77. OUER• 55.7 DELAV• 3.182 
34 SE • • POUER• DELAY• 3. 185 
35 SEN• 76. POUER• ELAV·~ 
36 SEN• 75. POUER• . DELAV• 3.180, 
37 SEN• 74. POUER• 55.5 DELAV• • 

FIGURE A-2. SAMPLE ANTENNA PATTERN RUN 
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:r 
00 

F. A~ A. TECHNICAL CEHTER TRAHSPOHDER SUft"ARV 

THIS TEST DOES HOT PRECLUDE TRANSPONDER CERTIFICATION 

5.0 FT -47 DB PTSHK1 

PTD2 .001 02-APR-85 08109132 

CODE 5252 
FREQUENCY 1090.5 "HZ 
JITTER 0.018 USEC 
PULSE ~IDTH 0.~52 USEC 
BRACKET SPACING 20.310 USEC 
MAX COD~ PULSE OFFSET 0.010 USEC 
MODE A ACCEPTANCE. CPS> 7.75 -> 
MODE C ACCEPTANCE CPS> 20.75 ~> 
DELAY DIFFERENCE CMODE A-C) CUS> 
ATCRBS· ACCEPTANCE CPY> 0.~25 -> 

-) MODE S REPLY RATE 
P1-P2 RATIO <REP >• 
P1-P2 RATIO CREP <• 

· e.e " I 
90'C) I -50 DBt'i 

1"> I -50 DBM 
130.0 USEC 
26.0 USEC 

100 " 
68 " 
50 " 
~9 " 

8.~0 USEC 
21.~0 USEC 

0.007 
0.925 USEC 

1090 +/- 3 
NTE .100 USEC 
.450 +/- .100 USEC 
20.300 +/- .100 USEC 
NTE .100 USEC 
<7.8 -> >8.2 USEC 
(20.~ -> 21.2 USEC 
NTE .200 USEC 

15 ** 12 ** 9 ** ** ** )•9 ** -6 ** -3 ** 0 6 3 (•0 
NTE 125.0 USEC 
35.~ +/- 10 USEC 

-> DEAD TIME 
SUPPRESSION TIME 
REPLY RATE (1000) 
REPLY RATE <1~00) 
REPLY RATE C1700) 
REPLY RATE <2000> 
S.L.S. ACCEPTANCE 
S.L.S. ACCEPTANCE 

CPS> ( < 1" ) 1.75 -> 2.30 USEC <1.85 -> )2.15 USEC 

-> MODE S REPLY RATE 
REPLY DELAY 
REPLY POIJER 
MODE A SENSITIVITY 

• MODE C SENSITIVITY 

(p~) 0.300 -> 1.500 USEC 
0.0 " 
3.167 USEC 

56.5 DBM 
-77 DBM 
-77 DBM 

3.000 +/- .500 USEC 
45.5 - 60 DBM 
66-80 DBM 
66-80 DBM 

FIGURE A-7. SAMPLE TEST SU~Y SHEET (CALIBRATION VEHICLE) 



APPENDIX B 

ANALYSIS OF TRANSPONDERS OF N6024~ 
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B-7 MTPA Test 99 Summa-ry Sheet <1st run) <2 Sl1eets> B-15 

B-8 MTPA Test 15 Summary Sheet (2 Sheets> B-17 
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B-19 MTPA Test 5 Summary Sheet <Pcuser) <2 Snests> B-39 

B-2.0 MTPA Test 99 Summary Sheet <2r:d run) <2 -31-!eets> B-41 
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Th1s aircraft had two transponders which were checked by ths MTPA. 
The summdry d3ta From each test 1s included as this appendix. 
Acc~rate p~wer and sensitivity data were not takAn on transponder 
r~o. 1 so th:at the second transponder could b~ checked. Power and 
sensitivity jata were taken on the second transpond2r after completion 
of the remain~er of the tests. 

The figt;res ~or transponder No. 1 a~re all label~d "sheet 1." The 
companion figures for transponder No. 2 are label~d "sheet 2." Figure 
B-1 is the test matrice ~or the two transponders. Figure B-2 is the 
summary. 

Transponder No. 1 shows only two problems: (1) it has no reply rate 
limiting, and <2) it did not reply to the Mode C interrogations or the 
altitude tests. This is somewhat puzzling, as it answered 100 percent 
to the interrogations of the Mode C acceptan:~ spacing test <see 
Pigure E-5). The 1nterrogations of thP. altitud~ test are nominal 
spacing and the same interrogation power as those of test 3. 

Tr-ar.~;ponder 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. I~ 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' 
receiver. This would certainly result in attenuation and distortion 
of the interrogation signals. The reply rate on most of the tests is 
less than 100 percent, as is evidenced by any o~ ~ne test figures for 
tran~ponder No. 2. Apparently, there was much antenna sheUding 
during the tests as the power readings gathered d:Jring test 15 show a 
reply power of 26. 5 dBm. test 2 shows 27 or 28 dBm, and the true power 
was 51. 5 dBm. Thus, the signals were between 20 and 25 dB down from 
the maximum during the tests. The reply power o~ tTansponder ~o. 2 
was also about 4 dB lower than that of transponder NO. 1 according to 
figures B-3 and B-10. 

The ~ummaria$ of the sensitivity tests with the reply power above 
40 dBm are li~ted in the following table: 

B-1 



TABLE B-1. ATCRBS SENSITIVITY TEST RC:SULTS 

r1ATR IX N:J. p, SENS. A DEL. c SENS c DEL. rwWER (A) PC~·!ER (c) 

71 -58 2. 661 -59 2. 662 .40 43 
72 -64 2. 638 -62 2. 646 45 47 
73 -62 2. 617 -66 2. 628 49 51 
74 -68 2. 603 -69 2. 616 51 51 
75 -69 2. 599 -69 2. 618 51 51 
76 -68 2. 606 -67 2. 622 50 50 
77 -67 2. 611 -66 2. 631 49 47 
78 -65 2. 615 -6S 2. 632 47 46 
79 -64 2. 618 -65 2. 638 46 47 
80 -64 2. 621 -64 2. 641 46 47 
81 -63 2. 630 -62 2. 646 47 45 
82 -63 2. 634 -63 2: 654 44 43 
83 -64 2. 639 -63 2. 661 43 43 
84 -62 2. 646 -62 2. 665 42 42 
85 -62 2. 659 -62 2. 679 41 40 

As indicated, the nose of the interrogation beam w~s crossed by tne 
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 approximately 20 dB down from the nose, the maJority of the tests 
were conduct~d at or near the MTL of the transponders. This makes the 
data of some of ~he tests somewhat questionable <all tests which 
require a 'tO percent reply rate, i.e., dead time, suppress1on time), 
but all reply characteristic type tests are valid. 

8-2 



24K HO POUER SEH. 11 1.5 FT -49 DB 

02-APR-85 08151146 

TEST "ATRIX 

1 2 3 4 5 6 7 8 9 

2 3 4 gg. 15 6 7 8 12 
10 13 14 5 99 14 14 14 14 14 14 
20 14 14 14 14 14 14 14 14 14 14 

t;J:I 30 14 14 14 14 14 14 14 14 14 14 I 
w 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 e e 0 e e e e e 

100 0 0 0 e e e e. 0 e 0 
110 0 0 0 0 8 8 8 e 0 0 
120 0 8 0 8 e 8 0 0 0 

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



H682-4KI2 1.5 FT -49 DB 

ei:!-APR-85 08&54127 

TEST riATRIX 

1 a 3 4 s 6 7 8 9 

a 3 -4 99 15 6 7 8 1a 
10 13 14 5 99 14 ~~ 14 14 14 1'4 
ae 14 14 14 14 14 14 14 14 1-4 1-4 
30 14 14 14 1-4 14 14 14 14 14 14 

1:7;1 40 14 14 14 14 14 14 14 14 14 14 I 
+:- 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 e e e e e e e e e e 

100 e e e e e e e e e e 
110 0 0 e e e e e 0 e 0 
120 0 0 e e e e 0 0 e 

FIGURE B-1. TEST MATRIX TRANSPONDER (SHEET 2 OF 2) 
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V1 

F. A. A. TECHNICAL CENTER TRANSPONDER SU""ARY 

THIS TEST DOES NOT PRECLUDE TRANSPONDER CERTIFICATION 

24K NO POUER SEN. 11 1.5 FT -49 DB 

PT2DA .001 02-APR-85 08851&46 

CODE 
FREQUENCY 
JITTER 
PULSE t.IIDTH 
BRACKET SPACING 
MAX CODE PULSE OFFSET 
MODE A ACCEPTANCE <PS) 
"ODE C ACCEPTANCE <PSl 
DELAY DIFFERENCE <"ODE 
ATCRBS ACCEPTANCE <PU) 

1288 
1090.8 "HZ 

0.020 USEC 
0.397 USEC 

20.310 USEC 
0.0e6 usEc 
7.70 -> 

20.75 -> 
A-C) <US) 

8.525 -> 
e.0 " 

8.45 USEC 
21.40 USEC 
0.024 
1.508 USEC 

1090 +/- 3 
NTE .100 USEC 
.450 +/- .100 USEC 
20.300 +/- .100 USEC 
NTE .100 USEC 
<7.8 -> >8.2 USEC 
<20.8 -> 21.2 USEC 
NTE .200 USEC 

-> "ODE C REPLY RATE 
P1-P2 RATIO <REP >• 
P1-P2 RATIO <REP <• 
DEAD TIPIE 
SUPPRESSION TIPIE 
REPLV RATE (1000) 
REPLY RATE <1400) 
REPLY RATE <1700) 
REPLY RATE (2000) 
S.L.S. ACCEPTANCE 
S.L.S. ACCEPTANCE 

90") • -5e DB" 15 ** 12 ** 9 ** s ** >·9 

-> "ODE C REPLY RATE 
(;) REPL V DELAY L REPLY POUER 

b( \t! 
'(I ,ro) 

1") • -50 DB" ** -6 ** -3 ** 0 ** ** <·0 
45.0 USEC NTE 125.0 USEC 

.0 USEC 35.0 +/- 10 USEC 
99 " l;t~1h"1 ' 

100 1)6 tl _) 
99 
99 " <PSl 1" ) 1.80 -> 2.40 USEC <1.85 -> )2.15 USEC 

CPU) 0.350 -> 1.500 USEC 
e.8 " 
2.819 USEC 

31.0 DBJII 
3.000 +/- .500 USE; 
48.5 - 57 DBM 

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



F. A. A. TECHNICAL CENTER TRANSPONDER SU""ARV 

THIS TEST DOES HOT PRECLUDE TRANSPONDER CERTIFICATION 

N6024fKI2 

PT2DA ,002 02-APR-85 

CODE 1288 

1.5 FT -49 DB 

88t54127 

-> FREQUENCY 1896.9 "HZ 1890 +/- 3 
JITTER 8.062 USEC NTE ,100 USEC 
PULSE YIDTH 8.362 USEC .450 +/- .100 USEC 
BRACKET SPACING 20.255 USEC 20.300 +/- .100 USEC 
MAX CODE PULSE OFFSET -0.040 USEC NTE ,100 USEC 

~ "ODE A ACCEPTANCE (PS) 7.88 -> 8.20 USEC <7.8 -> >8.2 USEC 
~ -> MODE C ACCEPTANCE <PS) 20.80 -> 20.95 USEC <20.8 -> 21.2 USEC 

DELAY DIFFERENCE ("ODE A-C) <US> 0,027 NTE .200 USEC 
-> ATCRBS ACCEPTANCE (PY) 8.750 -> 1.580 USEC 
-> MODE C REPLY RATE 8.0 ' 
-> P1-P2 RATIO <REP >• 98') I -50 DB" ** ** ** ** ** ** ** ** )•9 
-> P1-P2 RATIO <REP <• 1-) I -58 DB" ** -6 ** -3 ** ** ** ** <•0 
-> DEAD TIME 148,8 USEC NTE 125,0 USEC 
-> SUPPRESSION TI"E 50.8 USEC 35.0 +/- 10 USEC 

REPLY RATE (1808) ~ 
REPLY RATE (1400) ~ 
REPLY RATE (1700) 45 -
REPLY RATE <2000) 37 -

-> S.L.S. ACCEPTANCE <PS) ( ( 1- ) 1.95 -> 2.40 USEC <1.85 -> >2.15 USEC 
S.L.S. ACCEPTANCE <PY> 8,300 -> 1.588 USEC 

-> "ODE C REPLY RATE 8.8 - . 
REPLY DELAY 2.599 USEC 3.800 +/~ .500 USE~ 
REPLY POYER 51.5 DB". 48.5 - 57 DBM 
MODE A SENSITIVITY -69 DB" 69-77 DBM 
"ODE C SENSITIVITY -70 DB" 69-77 DBM 

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



PULSE 

1 - F1 
2 - C1 
3 - Al 
4f - C2 
S - A2 
6 - C4f 

o:t 7 - A~ I 
........ 8 - 81 

9 - D1 
10 - 82 
11 - D2 
12 - B4f 
13 - D4f 
l-t - F2 

CODE • 

24K NO POUER SEH. 11 1.5 FT -49 DB 
ATCRBS REPLV TEST - 2 

p 

0 

POSITION POIJER s 
I ··~ ~ t + 

0.000 0.0 
0.000 0.0 T 

0.006 30.9 I 

0.000 0.0 0 
0.000 0.0 

H 0.000 0.0 
0.000 0.0 -8.3 0.000 0.0 
0.000 0.0 •• 4. •• 12. 16 • 

0.001 31.0 
PULSE 

0.000 0.0 , .. 
0.000 0.0. 
0.000 0.0 
0.010 31.0 p 45. 

0 

1200 " E 3e.J + + + 
R 

15. 

··1-------~~------~------~r-------~ 
•• ... •• PULSE 

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

12 • 16. 



PULSE 

1 - F1 
2 - Cl 
3 - At 
.f - C2 

1:1;1 
I 5 - A2 

00 
6 - C.f 
7 - A.f 
8 - B1 
9 - D1 

10 - 82 
11 - D2 
12 - B.f 
13 - D.f 
14 - F2 

CODE • 

H&8241CI2 1.5 FT -.f9 DB 
ATCRBS REPLY TEST - 2 

8.3 

p e.as 
0 

POSITION POWER 5 

0.000 0.0 
I .. , + 

0.000 0.0 T ... ~ 

-0.012 28.8 I 

0.000 0.0 0 
-e. as 

0.000 0.0 

" 0.000 8.0 
0.800 0.0 -8.3 0.000 0.0 
0.000 e.e •• ... •• 12. 1& • 

-0.040 27.2 
PULSE 

0.000 0.0 ... 
0.000 e.0 
0.000 e.e 

-0.045 27.4. p 45. 
0 

1200 " 
' 38. 

I + + + 
R 

1&. 

··~----------r----------r----------r----------, 
•• ... • • 

PULSE 

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

12. 1& • 



a••·- I I ATCUI ~LY TEST - I 
141C ItO POWER SErt. It t.S FT -49 D 

nr-..cv • ..... , .. 

: "·1 DELAY • 1.131 

WIDTH • 1.311? 

c 51. 

E 

" I J( 

T as. 
I 

J( 

b:l I \ I 
\.0 •• ..... 1115 • .. ... ·-· , .... 

fHIUDICY CNII) .... 
I I . ... , 

··-···· 
p ?5. , ?i. 
E E 

• II 

c se. J( c ... 
E E 

I J( 

" " lr 

T ' II. • •• 
J( J( 

J( 

I •* J( ......... '. ...... , ..... , • • 
'·" •• 3 ..... • •• .. .,. •• e.s 3. 3.$ ... 

PULSE WIDTH CUSEC) DELAY CUSECJ 

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



.... _ 
I I ATCitll IEPLY TEST - I 

fiiii41Ctl t.s FT -49 o 

FII .. HCY • 1111.17 

: 7&.1 DEIJW • a.ut 
UIDTH • 1.3&2 

c &1. 

E 

" I " T as. 
I 

""" 
" I. Jt 

t;d 
I ..... 1111 • IllS. ..... Ill& • ..... 

0 
fiiiUEitCY (1111) .... 
I I 

.... , ---···1 

,. 7&. , "· 
E E 

R • 
c &1. c ... 
E E 

" " T Jt T 
Jt •• 

Jt 

Jt •.....•..... , •• ~- --- ~-- I I 

1.1& 1.3 •••• • •• 1.15 •• a.& 3 • 3.& 4. 
PULSI UIDTH CUIEC) DELAY ( USEC) 

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



24K HO POUER SEH. 11 1.5 FT -49 DB 
ATCRBS "ODE ACCEPTANCE TEST (POSIT) - 3 

, ... _ ~ ~ - ~ 
~-

1ee. ~ 
lit % lit ~ -~ ~ ~ 

lit 

~ ,. 75. 

-~ 
• 75. lit 

R 
lit ~ R ·I ~ ~ lit ~ E :I E 

p 58. lit ~ p &1. .·I ~ 
L I lit ~ L ~ 

lit ~ v ~ v :· I :a as. .: ~ ~ as. lit ~ ~ ~ lit 

b::l 8 • I- ~ IISIIIISIBI S lj ~ j Ill S I I Bll I IIIJ 1. !II B Ill B IIIBIIIIIBIIj <<.,<£4' --1 --DO*QJI(J(f I 
1-' 6.8 7.4 •• • •• 1.2 18.7 ae.J 21. 21.6 aa.a 1-' 

ltOD£ J.IA PI-PJ C USEC) ftODE C PI-P3 CUSEC) 

4. 4. 

R R 

E J.S E 3.& 
L L 

D D 
E J, E 3. 

L +t t+l t+++t-Ht++ll II++ L 
I i++-t+++t++t++t++i+t 

A A a.s a.s 
v v 

a. a. 
-~---·-··-- ··-· 

••• 7.4 •• • •• a.a 18.7 28.3 21. 11.& aa.a 
~DE 3.1A Pl-P3 CUSEC) NODE C Pl-PJ CUSEC) 

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



N6824KI2 1.5 FT -49 DB 
ATCRBS "ODE ACCEPTANCE TEST <POSIT> - 3 

.... _I I- 0 
188 • 

0 

I ~ :1·:· ~ 
lk :a % ~ 

Jl 75. lie ~ - 75. ~ . ~ ... ~ R . ~- ~ E lk lk §§§ E ~ 
.w. ·I ~ p 51. --1: ~ 
L * ~ ~ .. ~ ··~. . I .. ~ y . I ·. ~ as. 

~ .. E """' II •• ';" ~ . ,. ~""" 111~1 .. ~ · .. % 
td 
I •• ....... 

N 6.8 7.4 •• a.s 8.2 18.7 28.3 
IIODE 3/A P1-P3 CUSEC) 

... ... 
R • 
E 3.5 E 3.& 
L L 

. 
D D 
E 3. E 3. 

+**++++#++++++ 
L +++++t+t++++++++t-+ L I 
A A 

2.5 . a.s 
y y 

a. •• ----- ·-··---······ .. ' 
6.8 7.4 •• a.a 8.1 18.7 28.3 21. 21.8 aa.a 

"ODE 3/A P1-P3 CUSEC) RODE C P1-P3 CUS£C) 

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



2~K HO POUER SEH. 11 1.5 FT -49 DB 
ATCRBS "ODE ACCEPTANCE TEST <P.U.>- 4 

188. 

" 75. 
JC 

R 

E 
I JC 

p 50. 

L I JC 

v 
as. 

t;1;j 
I I JC ...... 
w 

e. ,..--- I 

8.3 e.& 1.8 a.a 1.5 
ftODE 31'A P1.P3 P.U. CSEC) 

... 
R 

E 3.5 
L 

D 

E 3. 

L I t I t+t llt-+tt+t+l+tt llllllltll+llll+++llll+i 

A a.s 
y 

2·;-------~--------r-------~------~ 
8.3 1.& e.e a.a 1.& 

ftODE li'A PI.P3 P.U. (SEC) 

FIGURE B-6. MTPA TEST 4 SUMMARY SHEET (SHEET 1 OF 2) 



c:l 
I -~ 

'"· 

' 75. 
R 

E 

p 5-'· 
L ,. 

25. 

liC 

H682~KI2 1~5 FT -~9 DB 
ATCRBS "ODE ACCEPTANCE TEST <P.U.>- 4 

JC JC 
liC DlK liC liC D 

liD liC liC JC 
D liC B 

liC JCaC liC liC 

·DI 
~ 

:a 

liC 
:a 

e. 1Im I II • 1 /£~. 1 I 
0.3 

... 
R 

E 3.5 
L 

D 
E 3. 

L 

A 
v a.s 

e.& e.e a.a a.s 
RODE 3~A PI.P3 P.U. CSEC) 

+ 
...... +t .. i+t++ ...................... / ........ ++++-+* 

a.4r----------r----------r----------r---------~ 
•• 3 e.& •·• a.a 1.& 

ftODE 31A PI.P3 P.U. CSEC) 

FIGURE B-6. MTPA TEST 4 SUMMARY s·iEET (SHEET 2 OF 2) 



l;7j 
I 

1-' 
V1 

24K NO POYER SEN. 11 1~5 FT --49 DB 
ftODE C ALTITUDE UERIFICATIOH - 99 

tee. 

- 75. 
R 

E 

p 

L 

v 
58. 

as • 

••• • • • • • • • • • • • • • • • • • • • • -teet. -set. t. Stt. 
ALT OFFSET 

STANDARD TRANSPONDER • 
TEST TRANSPONDER • 

lttt. 

9ee. FEET tee. ~ VALID REPLV 
e. FEET 0. ~ VALID REPLY 
e. REPLY e. - BRACKET REPLY 

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



ttl 
I ..... 
"' 

H6e2~Kt2 
"ODE C ALTITUDE UERIFICATIOH - 99 

tee. 

" 75. 
R 

E 

p 

L 

v 
se. 

25 • 

•• !It ••••••••••••••••••• & 

-te ... -ste. •. s ... 
ALT OFFSET 

STANDARD TRANSPONDER • 
TEST TRANSPONDER • 

11M. 

90e. FEET 
e. FEET 
e. REPLY 

100. - VALID REPLY 
e. ~ VALID REPLY 
e. ' BRACKET REPLV 

FIGURE B-7. lfrPA TEST 99 SUMMARY SHEET (1st RUN) (SHEET 2 OF 2) 

1.5 FT -49 DB 



2~K HO POYER SEH. 11 1.5 FT -49 DB 
SIDE LOBE SUPPRESSION TEST - 15 

PI LEVEL C-Difl) 

ae se 

P1-P2 

15 • 111 

12 • ... 
o:t 
I ...... g • ... ....... 

& • n 

3 • 31 I 

• • • I 

-3 • • 
-& • • 

FIGURE B-8. MTPA TEST 15 SUMMARY SHEET (SHEET 1 OF 2) 



N6824KI2 1.5 FT -49 DB 
SIDE LOBE SUPPRESSION TEST - 15 

Pl LEUEL C -DIN) 

61 51 

P1-P2 

15 • 53 

12 • 53 

t;l:j 
I 

...... 
00 I • 58 

& • 57 

3 • 53 

• • 13 

-3 • • 
-6 • • 

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



24K NO POUER SEH. II 1.5 FT -49 DB 
SIDE LOBE SUPPRESSIOH TEST - 15 

PI LEU£L (-Dift) 

- ,. 58 

PI-P2 

IS 2ase 

12 aase 

Gl 8 2868 
I ...... 
\0 

& 

I 
2875 

3 

• 
-3 

-& 

FIGURE B-9. MTPA TEST 15 SUMMARY SHEET (DELAY) (SHEET 1 OF 2) 



H6824KI2 1.5 FT -~9 DB 
SIDE LOBE SUPPRESSION TEST - 15 

PI L£U£L ( -DI") 

&e 58 

P1-P2 

15 I: 12 9H 

b:l 
I 

N ' I 2875 
0 

• -· 
3 .. 
• 

-3 

-I 

FIGURE B-9. MTPA TEST 15 SUMMARY SHEET (DELAY) (SHEET 2 OF 2) 



24K HO POYER SEH. 11 1.5 FT -49 DB 
SIDE LOBE SUPPRESSION TEST - 15 

Pl LEUEL C-Dift) 

61 51 

PI-P2 

15 ~:·· 
12 .5 

b:t 
I I 31.5 

N ...... 

& 31.5 

3 

• 
-3 

-6 

FIGURE B-10. MTPA TEST 15 SUMMARY SHEET (POWER) (SHEET 1 OF 2) 



H68241CI2 1.5 FT -<49 DB 
SIDE LOBE SUPPRESSION TEST - 15 

PI L£U£L C-DI") 

61 sa 
Pl-P2 

IS r: ~ 12 5 
I 

N 
N 

I 2&.5 

& 2&.5 

3 26.5 

• 
-3 

-& 

FIGURE B-10. MTPA TEST 15 SUMMARY SHEET (POWER) (SHEET 2 OF 2) 



see. 

~ 75. 

R 

E 

p 50. 

l 
I 

v 
as. 

o:l o. I 
I'.) o. w 

... 
R 

E 3.& 
l 

D 

[ 
3. 

L 

·A 
a.s 

v 

a. 
I 

•• 
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