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A STUDY OF THE ATR TRAFFIC CONTROL
RADAR BEACON SYSTEM CHARACTERLSTICS

STMMARY

Tnis report presents the results of s*vdics and tests made to define
characterictics of the Air Traffic Control Radar Beacon System which

are necessary for adequate cystem operation., 411 date presented is

based on the prerdse that this system must be compatible waith the

military beacon sysiem and discussiens are limlted to thcoe characteristics
that can be chanpad without affecbing the feature rf compatibility.

Nominal operating frequenciec, transmitted psw=rs, pulse lengths, and

palre spacing «re acsepted as basic system requirements, This work was
perinrmad under Air Nevigatlon Development Board Project 6.2.4

INTRCDUCTION

The performance of the ATC radar beacon system depends on adcgrate
srgnal levels in the interrogation and reply paths. For optimum
performance at all participating sites, the effective radiated powers
and recelver sensitivities of ground ard alrborne equaipments must be
heid ‘o close tolerances. Appreciable increase of interrogation power
at one site may result in mmsaticfactory results at nsarby faciiitaes,
Under conditions of neavy interrogation, service mey be denied to one
site wien zn adjacent facility radiates ercessive power. Excessive
interrogaticn power or high trangsnomder receaver sensitivity increases
interrogation by ground antenna side lobes and unnecessary fruit
results, Coaversely, inadequate inbterrogation power or low transponder
sensitivaty will result in unreliable performance at medium and long
ranges.,

The use of several types cf ground interrogator antennas having

ditferent beamiidths and galns can either cause excessive or insuffi-
clent system gain unless compensations are made, The length and type

ol antenna transmission line can be selected to offset the higher

antenna galns so that the effective radiated powers are held within
liomts., Narrow-beam antennas cannot be rotated too rapidly else the
number of replies per scan may give marglnal performance when de-

frulting equapment 1s used, When fast scanning is a necessary operational
requirement, a smaller antenna with a wider beamwidth may be required

to provide reliable performance at the expense of azimuth resolution.

The siting of the ground equipment is most important for satisfactory
system performance. Reflections of energy from the ground and buildings
produce well-defined vertical lobe structures and cause false targets.
This factor must be considered carefully before any permanent installa-
tion 18 made,

The signal level variations due to the airborne antenna radiation
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pattern can be equal to, or greater than, those due to the vertical
lobe strueture, Wing shielding, which may occur during aircraft turns,
causes complete loss of targets. The pattern directivity of the alr-
borne anterma can cause intermttent performance at medivm and long

rangas.

Side-lobe interrogations by the ground antenna are very severe ab

short ranges. 4 carefully adjusted SIC ( sensitivity-time-control)
applied to the ground receiver can be effective only 1f all the airborne
trancponders trananil, replics of equal power, Weak replies result in
unsatisfactory targets while transponders havang transmitted pcwer

absve limts can caure intolerable side-love clubter and confusicn on

he ATC display. The use of improved ground antcnnas with lower side-

lobe power would permit relaxalion of the tight control of system gain.

The ATC Radar Beacon System 1s ar. amplitude censitive system. In such
a system 1t 18 irmperative that amplitude varizwuions be held eg close
to zero tolerance as is practicable.

Thas report contains the results of tests and studies coanducted on the
ATC Radar Beacon System to date, Although all the majer results of thrs
wo~k are contained an thif rsport, some of the tests are covered in more
detail in other reports. —?

TESTS AND CALCULATTIONS

System Range and Sens t:ivety Considerations

The present ground interrogator, ANDB Type 2.3NSl, delivers a minimum
peak output power of 1000 watts at the antemma Jjack. If the conditaions
listed 1n Table I are assumed to represent an average installation, 2
transponder interrogation sensitivity of -70,6 dbm 1s required for
interrogation at the renge of 200 nautical miles under free-space
propagation condiiions.

1Dav1d S. Crippen, Tirey K. Vickers, and Marvain H. Yost, "Initial Tests of
the Secondary Radar System in Typical Terminal-Area Traffic Operations',
Report No. 268, Techmical Develcpment Center, September 1956.

201a1r M. Anderson, David S. Crippen, Joseph E, Herrmann, Jr., and Francis
M. McDermott, "Tests of the Traffic Capacity of the ANDB Radar Beacon
SystemM, Report No, 281 (Classified), Techmical Development Center,
December 1955.
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TABLE I

INTERROGATION PATH GAINS AND LOSSES ¢

Interrogator output power 1000 watts £0.0 dbm
Transmission line loss -1.5 cbw
18-foot antenna gain 21.5 db «
Anterma filter loss -0.5 db
Reduction of antenna gain to half-power points -3.0 db
Space altemuaticn for 200 nauticel miles at 1030 mes. -1lhu.l db*
Signal level at 200 nautical mles -67.6 dbm
Effective aircraft antenna gain 0.0 db
Aircraft trensmission line loss -2.0 db
Required transponder scasitivity -70.6 dbm

The space attenuatzon 1s calculated from the formalas
a= 36,82+ 20 log £ + 20 log d

Where: f = frequency 1n megacycles

d = distance in statute mles
a2 = gtitenuation i1n db

a = 14,1 db for 200 nantical miles at 1030 wcs.
a = 14),.6 db for 200 nautical miles at 10%0 mcs.

The specified peak output power of the ATC Tramsponder, ANDB Tyme TIT,
15 500 watts at the antenna jack. BHRepresentative reply path gains and
lpsses are listed in Table IT.

TAZLE IT

REPLY PATH GuINS AND LOSSES

ATC Transponder output power 500 watts 57.0 dbm
Aireraft transmissaoon line loss -3.0 db
Effective aircraft anmtenna gain 0.0 db
Space attenuation for 200 nautical mles at 1390 mes -14h,5 db
Signal level at 200 nauticel miles -%0.6 dbm
18-foot antenna gaxn 21.5 db
Antenna tilter loss -0.5 db
Reductaon of antenna gain to ha2lfi-power peints -3.0 db
Transmission line loss -1.5 db
Required IR receiver sensitivity -7L.1 dbm

From the caleculations, the level of the signhals abt the interrogator umt
will be -Th.l dbm when an aircraft range of 200 nautical mles and
frec-space propagation are cssumed. The anterrogator-recciver sensitivity
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muzt be such that the signal plus noise-to-noise ratio wrll be at least

% to L when the signal level 25 -7L.1 dbm since the Video Intercomnection
Urit, or vecoder, requires the above signal conditrons for satisfaciory
rerformance.

Arzamuth Resolutiong

The CAA Survelllance type radars operating in the ten-cenlimeter band
have narrow antenna beamndths. The charscteristics of three different
antennags are showm in Table 1IT,

TAELE IIT
ATPORT SURVEILLANCE RADAR ANTENNA
CHARACTERISTICS
ASR-1. ASF-2 ASR-3
Half-pewe:
Beamqdth 3,07 2,2° 2.5°
RPM 26 25 25

The ATC radar beacon system operates cn the wave length of approxzmately
29 cm, whicn ig almoat three twmes that of the surveillance radars.

for antennaes of equal s.zc as the radar antennas, the beamwi:dth of a
beazon anterna 1s approximately *three times wider at the half-power
points.

The primary radar tranrmits a narrow beam and receives a raflection of
the same relative magnitude using the same antenna for both operations.
The iwo-way operation of the antenna system results in an effecltave
narrowing of the pattern upon reception of a reflection. Thersfore,
the w.dth of the radar targets displayec are usually slightly wider
than the half-power beamwidth of the antenna.

The beacon system, which deces not operate on the reflection principal,
has an effective beamridth wnich 1s usnally greater than the half-power
beamwadth., The interrogaticn paih gain must be adegnate for cperation
when the aircra®t range 1s 200 navtical miles. At shorier ranges there
13 a considerable amcunt of reserve 1n.errogabion path gain so that the
effective antenna interrcgation beamwidth 1s broadened. Tests conducted
at the TDC show an effective beamndth of 180 degrees when the aircraft
range 15 ten nautical mles. Tnerefore, as the range 1s reduced from
200 nautical m.les, the i1nterrcgation beamwidth increases from that at
the three db points. Interrogat.ion 1s possible at points of the radiation
pattern which are 30 db down from the nose of the beam when the air-
craft 1g ten nautical miles from the ground facility., The character-
rstics of two presently available beacon antennas are shown on the

next page.
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TABLE IV
BEACON ANTENNA CHARACTARISTICS

9-foot antemnz  18-fool antenna

Seawidth, 3 db dcwn 7.0 uegrees 3.5 degrees
Peammmdth, 10 db down 1.0 degrees 6 0 degrees
Side lobe level -26 db -2y cb

The control of target width aad the display of side loke 1esponses is
accomplianed by controlling the gain of the interrogsvor recelver.
Althosgh the airborne equipnent 1s anterrogated (and repliing) over a
wide bean angle, usasily Jreater than that at the hsal:-power points of
the antenna petterr, the replier can pbe attenuated by a reduction of
raceiver sensitivaty, This 19,1n effect, a m2ans or narrowaing the
nutten of the bezcon antenna and rejectung icplies to side-love
irterrozatioas, However, 1f this mean:s iz to be effectave for 21l
airerafs, the transpoader-radiated power rmst be wathin close toler-
ances. TIne length of tranemission lines ard thus the atienuatrion at
any ground or aircraft installation can mcdify the system gain., In-
nozing close tolerances on the equipment culput power and sensitavaty
7111 be zneffective 1f wide varistions exzst between transmissicn iine
instwallations,

Charecteristics of several coaxaal cables are fivenh in Tahle V,
IABLE V
TRANSIISSION LINE ATTENUATION

Attenuation
db/100 f. at 1000 mes,

1. Suyroflex:
3/8% aiameter 3.9
1/2" diameter 2.8
3/4" diameter 1.8
5

2. Andrew Heliax 7/8" diameter 1.55
3. Phelps-Dodge Foamflex 1/2" diemeter I
. RG-8/U 9
5. RG-17/U L

The sensitivity of the interrogator receiver must be carefully con-
trelled when aircraft are near the interrogator to prevent the display
of side lobes and, at the same time, provade a degree of reserve gain
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to campensate for signal fadinz. The causes of signal fading wll be
discussed 1in later paregraphs. The 18-foot antenna s.de-lobe signal
levels are 21 do less than those at the half-pcwer points of the bean.
thus, 1f the maxumum reserve gainh exceeds ¢1 db, 3 de-lobe respunses
w11l be displayed. The gaan of the interrogalor recziver can be set
to provide a norumal ressrve gain of ten Ik, Sighal varistions frem
plus 11 db to minus ten db may occur before tne dienlay of side

lobes or a signal fade will be noted, Normal replies under free-
space propagaticn conditions will then be digplayed over the beamadth
of the antenna ten déb aown from the half-power pornts. This con-
ditzon 18 showm in g, 1 and a switable STC ecurve 1s shown 1n Fig. 2.
If hetser azimuth resolution is a reguairerent for iraffic conurol
then larger antennas are necessary. The physical size of a narrow-
beam beazcon antsnna impoeses mechanical rotation and supporting
proolems. IF larger beacon anvennas are to ks attacaed to the precent
radar pedestals, 1t 13 quite probable inat additionsl reder antenna
and tower bracing will be necessary. Installation of dual rotaiy
Joints for each S-band racar antenna 3o equiponed w:ll be reguired.
Separate towers for mounting beacon anuvenna pedestals are ancther
alternative. This arrangement permits a larger degree of flexi-
brlity ain siting and antenna height and may be a definite requirement
at some locations. However, the phiysical separation of individual
towers creates a display problem which can be selved by'thi use of
time-shared sweep cirguirbtry or dual gun cathode ray tubes. If the
darpleva are modafred Lo rnecludo time-ghared sweep eircultry or dual-
gun tiwocs, tie radar and beacen ontenras may rotate at different
speeds, ihis may prove to be of zdvantage from an eperational stand-
peant,

Interference

The large reserve gain at short ranges results in excessive side-lobe
interrogat-cn of the transponoers. Table VI shows the reserve gain at
several ranges. The following conditions are assumed:

IR output power 1000 walts peak £0.0 dbm
Transmissiocn line loss -1.5 db
18~foot antenna gain 21.5 db
Reduction of gain to half-power points -3.0 db
4irtenna filter loss =0.5 ab
Alrcraft antenna gain 0.0 &b
Adircraft transmission line loss -3.0 db
ATC transponder sensitivaty -74,0 dbn

. William E, Miller and Lawrence B. Ii, "PPI Presentation of Time-
Shared Videos Havang Synchromized or Unsynchronized Antemna Potation
Rates, " Report No, 290, Techmmcal Development Center, June 1957
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TABLE VI

RESERVE INTEGHOGATTON GAIN

Rangze Reserve Interrogation
Yaut-cal Miles Gain-db
1 La.4
5 35.h
10 29 .4
18.6 {s-de lobe range) 21;,0 (s1de lobe lavel)
50 15 4
100 9.4
200 3.

The side Jcbes of the 18-foot aatenna are 2l db dewn from the nose of
the beam., As can be scen from the reserve gein table, ilne side lcbes
will interrsgate the transronder at ranpes less then 18.6 nautzeal
tiles. This added interrogation results in tne generation of inter-
rerence to other facilities, and 1s referred to as fruit. Alsc, due
to the effects of vertical interference pattern lotes whaich will be
discussed in another paragraph, the side lobe interrogation range can
exceed 30 mles, If a facility was only interested in aireraft within
£0 mles, then a 12-db reduction of interrogator power output would be
useful, OSuch a reduclion in power will reduce the interrogzation
radiug by a facter of four and the i1nterrogation area by a Tactos of
16. The effective elimination of fruit in an area where several
ground installations are opercted can be accomplished only by the uss
of additional eguaprment referred to as a defruiter. This 13 a coine
cidence comparing device that depends on at least two successive
syachromzed replies for single-defruzting actzon or three successive
synchionmized replies for double-omefruiting action. It 1s quite
wnportant that over-interrogation conditions be aveided to pravent
lese of targets, especially when defruiting equipment 1s usaed. When
the reserve interrogation gain 15 great enough to permt side loce
triggeringe, the transponder duty cyele increases rapildly and the
cperation of oniy a few ground interrogators will ceuse over-interrogalion
effects so that the airborne equipnent will not reply to every in-
terrcgation., If cone reply is lost, then no output is obtained from the
defruiter until either two or three successive repliss are success-
fully recerved.

Pulse Recurrence Frequenzy

The maxomum ground interrogation rate of the system 15 limited by the
raxamun range of the eguipment. For 200-nautical-mile operation,
allowing ten per cent for indicator recovery time, the maxamum prf is
365 pps. In order to synchronize the interrogator pulse repetition

rate wath the ASE-2 and ASR-3 radars, a countdown of four-to-one results
in the prf of 300 pps. Table VI shows the number of hits per scan for
various repetition rates and antenna rotation speeds.
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TAELE VIT

HITS PER SCAN

9-foot Antenna 18-foot Antenna
PLF 15 zpn 25 rom i5 rpm 25 rpu
100 15.5 53 6.7 L
150 23.4 1L 10 6
200 31 18.7 13.3 8
250 3 23.3 16.7 10
300 hé.5 28 20 12
350 sh.5 32.6 23.L 1k
LoO 52.2 a7.h 26.7 16

The forrmia for deraving the numbar of h.is per sc.n 18 given by:

' 6 ¥ rpm
The bearmudth 1z exvcressed as the wadth at ten db points in
degrees.

Reflections

Signal reflections from the sides of buildings or from other objscts
near the grovnd facility are fregrently seen on the PPI. The sigrals
to and from the alieraft are reflacted “rom nearby objects when the
ground 1nbterrogetor anteans 18 peanting at such objects, The signal
strength over tnis reflected path 1s often suffieient to provade a
false targel which may appear equally as strong as the real target.
Under some ccnditions, the false target 1s actually stronzer. This can
occur waen tire positron of the aireraft i1s in a nuvll of the vertical
lobe structure as seen over the direct Transtzssion path. Eowever,
when vieved over the reflected path tne aircraft may be In a favorable
antenna lobe and stroager signals result., Usually the buildinges or
obiects which cause trouble are within a mile of the antenna, GCareful
consideration must be given to selecuion of an interrogator site to
avoird this condition, The location of an exasting ASR antenna may not
be surtable for beacon operaticn due to this condition.

Vertical Lobing

The ATC beacon should provide strong reliable repllies at all distances
within the range of the system, Jctually there are several deficiencies
in the sysztem which result in occasional fades and weak signals., One
canse of serious fading 1s the energy which is reflected from the sur-
face of the earth. Thrs enerzy mixes with the direct signal and

caugses a pattern of interference to be set up in space. If ths svrface

of the earth was a perfect reflector, the amplitude of the infterierence
pattern would vary from twice the normal free-space sigazl to completle
fade-out. MNormally, the reflection iz act that intense but does cause
si1gnal level variations of plus five db to mnus 20 db when the reflecting
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surface 15 flat ground. A typical interference pattern in the vertical
plane is shown in Fig. 3. The angles of the lobe maxima and nulls in
the 1nLerference pattern are given by the formula:

szn B = ng—-—-?;— - dl
-2
Where: n =1, 3, 5, =---- for lobe maxima
ne=0, 2, lj, —--= for nulls
A = wavelength 1n feet
n]. antenna height above ground in feet

Lin?
1 expressed in nautical miles

ni

d w

This formula is essentially correct for either horizontal or verfical
polarization when the grazing angles are less than five degrees.

Figure I shows the angies of the first three nulls for various antenna
heights above ground. The phase of the reflected cnergy from the suirface
of the earth 1s reversed 100 degrees at all angles of aincidence for
horizontal polarization. However, 1n the case of vertical polarization,
the phase shift gradvally approaches zero as the angle of incidence 1s
increased., This 18 shown in Frg. 9. The position of the lobe maxima

and nulls 1n the interrerence pattern is likewise gradually reversed,
W1th herizontal polarizetion the magmitude of the reflected energy 1s
alfected only slightly with changes 11 the angle of incidence and the
resulting nulls are deep at all vertical angles. However, the magnmitude
of the reflected energy for vertically polarized waves 1s greatly affected
by the angle of incidence. For small grazing angles the reflected energy
18 grzatest and produces deep nulls, A curve of the marmitude of the
reflection coeflficient plotted against grazing angle is shown in Fig. 6.
The use of vertiral pclarivation, therefore, 1s a definite advantage if
the effects of the interference pattern are to be mummized. Fig. 7
shows the calculated field strength relative to free space lor an antenna
25 feet hagh over a smooth sea. The maxarum depth of nulls in this case
1s -10,5 db. However, for similar conditions over smooth rich soil the
nulls are considerably deeper. TFigure & is the result of a test flaght
made over the Indianapolis axrpors, while the calculated interference
pattern over smooth so1l 1s shown in Fig. 9. Table VIIT gives the values
of lobe maxama and nulls for several reflectaon coefficients.
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TABLE TIIT

EFFECT OF REFLECTION COSFFICIENT
UPON SIGNAL LLVEL VARTIATION

Reflecticn Depth of Lobe Maxamum Signal Level
Coelficrent 1HNulls - db Maxama -3b Varation - db
1.0 Inf. 6.0 Inf.

0.9 -20 5.53 25.58
0.8 -13,98 5.1 15.08
0.7 -10.4h h.6 15.04
0.6 - 7.96 .08 12.0n4
0.5 -£,02 3.52 9.,5h
Ou}-l- —-!43’48 2.92 ?.JJ

0.3 -3.1 2.28 5.39
0.2 ~1,52 1.56 3.5

0.1 -0.,9 0.82 1.72

The point of reflecticn nn the surface of the earth has mch to do with
the resulting interference patterm. This point can be determned by:

q o h Where: h is the antenna height above ground
— s=ne 8 15 the angle of aincidence

d is the distance from the antenna
to the peint of reflection

Actually, the reflection tales placs over an ellipiical area surrounding
this point as shown in Fig. 10. For low antenna heights the reflection
area is close to the antenna while for higher antennas the reflection
area may extend for several mles, Figure 11 shows the reflection poant
distance from the antenna for targeis in the center of the farst null
and for different antenna heights above ground. As the reflection point
moves away end the reflection area increases, the surface irregularities
and earth's curvature tend to reduce the depth of the nulls. Improved
performsnce due to a less sharply defined interference pattern should

be expected with a high antenna unless the surface remains level over
most of the reflection area. If a low antenna is used at airports the
amooth surface of tha airports will produce well defined and severe
mills. The question of whether a surface is smooth or rough can be
determined by use of the Rayleigh criterion:

h sin x A for the surface to be smooth
g where X is the grazing angle cof

the signal expressed in degrees.

The results of this eriterion at 1030 mcs are shown in Table IX.
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TABLE IX
REQUIREMENTS FOR SMOOTH PEFLECTING SURFACES

Mazomem Height of Irregularities

Crazing Angle Degrees for o Smnoth Surfzce
1 6.82 fest
2 3.i2
3 2.28
L 1.71
5 1.36

A test flight was made Lo measure the effect ol rough ground upon the
interference pattera. The beaccn antenna was mounted 25 feet above ground
wnich nlaced the firss null at 1.02 degrees, The rough-ground criteiion
for this grazang zngle is 6.62 feet, The anlerna was aimed over a group
of steel and cement block hw ldings approximately 20 high so that the
reflection surface was rough. The results of the test flight made over
this surface are showm in Fig. 12 and 1t 1s evident that the vertical

lcbe struclure 1s free from the deep interference muils.

The varration from free-space signal level due to ithe interference
pattern over smooth grcund is frequently as great as 20 db, If the in-
terrogator receiver sensitivaty 1s adjusied to proveat side lobe
break-through when the aireraft i1s in maxmmna, then there will be un-
preventable fades due to ths nulls, The use of antennas with lower side
lobe levels would obviously improve this situation.

The first two vertical nalls in the pattern are the most ssvere and have
an important effect on the performance of the system. The position of
these nulls over smooth ground have been calculated for severszl altitudes
and are shown in Figs, 13 through 16. A study of their effect upon
system performance when transpondzr sensitivity and power cutput are
varied has been made., The interrogation path and reply path have been
examined separately and the results shown in tables T and XI.



TABLE X
Effect of First Two Antenna Nulls upon Interrogation
Path Coverase to Line-of-Sight Range

Aireraft Iane of Trangponder Calculated Fade-out Calculated Duraticn of
Altitude  sight Sensitivity Taime Withain Line-of  Maxzmum Fade in

feet  Distance ~ dbm sight Distance % Range Frst iull
n.n. IlJle n.m,
5,000 93 78 6.13 87 0 mles
nau.mileg 77 6.45 86.5 0
76 7.31 86 0
75 7.5h 85.5 0
Th 5.38 B5 0
73 8.93 84.3 0.3
72 10,2 83.5 0.5
73 11.1 83 0.6
70 12.28 82.3 1.2
10,000 129 78 6.2 172 0.%
77 6.78 121 0.75
76 7.75 120 1.0
75 8.92 119 1.5
Th 9.88 118 1.75
73 10.L7 117.5 2.0
72 11,22 117 2.5
71 2 116.5 3.0
70 13.2 115.5 3.5
20, 000 180 78 6.11 171 2.0
77 6.94 170.5 3.0
76 7.5 170 3.5
75 8.33 169 .0
Th 9. 148 5.0
75 11.1 167 6.0
72 1...5 166 7.0
71 14.9 165 8.0
70 16.1 163 9.0
30,000 217 78 6.85 209 5
i §.22 208 é
76 9.6 206 6.5
75 10.% ~05 7
7h 12.3 203 8
73 13.7 202 9
72 15.5 201 11
71 15.9 200 12
70 18.¢ 198 14

18-foot antenna 25 feeb above smooth rich soi1l. IR transmitter power 1000
watts,
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TaBLE XT

Effect of First Two Antemnna Nulls Upon Reply Path Coverage
to Taine-of-Sight Range

Aircrafs Line of Transpender Calculated Fedas-out  Calculated Dursation of

Altitude Sight Output Time Witnin Line-of-  Maxamum Fade 1n
fezt Distance Pover Sight Distance __Hdanze First Ml
5,020 93 mles 500 watts 129 81,5 miles 2.5 mles

-1 db 13 gl 3

-2 db 1L a3 3.5

-3 db 16 82 L

-4 db 15.5 81 4.5

-5 db 20 80 5

-5 db 22 79 £.5
10,000 109 500 watts 9.75% 121 3

-1 db il 119 i

-2 gb 12.75 118 5

-3 éb 1h.78 117.5 5.5

-4 db 16.5 117 6

-5 ab 18 116 6.5

-6 db 19 115 7.5
20,000 180 500 wotts 7.25% 172 L

-1 éb 8.5 171 £

-2 ab ©.5 170 6

-3 db 11.5 169 7

-h db 13 168 8

-5 db 15 167 g

-6 db 17 166 10
30,000 21¢ 500 watts 8% 211 |1

-1 db 9.5 210 6

-2 db 10 209 7

-3 db 11 208 8

-l db 13.5 207.5 9

-5 db 14.5 207 10

-6 db 16.% 206.5 11

18-foot antenna 25 feet above smooth rich soil. IR receilver maximm
sensitivity -84 dbm.
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The airborne antenna pattern 13 not as well deiined as the ground pattern
but 1z a complex system of variat_ons. This is due to thke many curved

and discontinuous suriaces on the fuselape of the aiicraft. Engine
nacelles, wings, wheels, etc. all contribute many sources of reflection.

A typical pattern of a belly stub antenna mownied on a DC-3 1s shown 1n
Fig. 17. The variations in signal level exceed 16 db, When this variation
is combined wath the ground entemma interfeience patierm a signzl fluctua-
tion of over L1 db 15 possible. This 18 a maxamum i1nc..ase of mine db and
a decrease of -32 db from the calculated fres-gpace level. Wirz shrelding
of the belly antenna during turns also resulis in signal loss and target
fade~out. Improvement of the a.rborne radiation pattern 1s poscible by
uze of a combilnataion »rse andé tail antenna SYStsm.g Alchougn the in-
etallation 1s complicaled by lonz transmission lines and zdditional
mechanical difficulcies, the resclting pattern is greacly improved ard
wing shielding is eliminzted,

Second -Tme~Around TargFets

The signals from distaut sircraft withan line-of-sicht can appear on the
PPI at closer ranges if the pulse repetition cate 1s too high for the
system reserve power. The STC circuit in the ground receiver will be very
gffective 1n removing the distant replies from the display 1f they ar
recerved withan the first 20 mles of the sweep, However, i1n cases where
ihe range ¢f the second-time-around tarsget 18 greater than 20 miles, the
STC has little effect ca interrvogator-raceiver gain and a false larget
w1ll be displayed. The curvature of the earth can be effectively used
against this condition. If the pef of the interrogator i1s low enough,

the replies of all aiccraft wathin line of sight to one interrogation

w1ll be received before the next interrogation i1s transmtteu and belfore the
next display sweep 1s startea. Figure 106 1s plotted to show the relation-
ship of range, altitude and pulse repetition frequency required to cbtain
or prevent second-time-around conditions.

Receiver Noise Figure

The minimum noise power in a rece-ver having a 15 mes bandpass which is more
than adequate 15 given bye
kTB

where: k = 1.38 x 10-23 joules/degree
T = 251°K 6
B = 15 x 10° cycles/second
1L

This noise power is equal to 6.03 x 107~ walts.

Federal Telecommunication Laboratories, Ommidirection Alrplane Antenna
Study, Department of the Navy Contract NOa(s)-12212
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The signal power received from a transponder ih an aircraft at 200 nauvtical
miles can be calculated Ifram the range formnlas

2. (2 )% (Pctor )
{Lljr) Fr K

Where: 2 = 200 nautical mles = 200 x 6080 feet

A 27,5 @ = 0.902 feet (1090 mcs)
v = 500 wetos
Gt = Aireralt anteana gzin equal to 1
Gr = 18-fgot antenna gairn equal to 1Ll
¥ = Line loss and antenna gain correctlon ecual to 6.3
Solvirg the abcve equation for Pr, the rzceived power 1s 3.8L9 =z 1o~11
watte.

This 18 spproxdmately £00 times the mnim.m noize porrer or a noise figure
of 28.06 db. It is, thereciore, well watmin the reach of practical receiver
design to produce a suitable ground receiver having sufficient sensitlvaity
under free-space propagation conditions., The sensitivity requirewents for
the interrogation pazh or transponider receiver sirnlarly is well within
practical design limts.

if'requaney Tolerances

It 15 logicel to impose close tclerance limitations on the ground equapment
so that the airberne equrpment nay be simplified. For a given transponaer
recelver bandwidth the frequency stability requirements may be relaved az
the ground transmtter freguency stability is tightened. For interrogation
of an airborne transponder, the required receiver RF bandpass can be deter-
mned by:

= 4
B ~p—
Where B = bandpass 1n mes
a=1.5
T = pulse duration in usec.

For interrogation pulses of 1 microsecond duration, the minimuwm bandpass is

given py: 5 - 1.5 = 1.5 nes.
1.0

Additional bandpass 15 necessary to allow for irequency drift in both the
airborne receiver and the interrogator twransmmtter, For example, 1f the
frequency stability of the ground transmitter was 1 mes and the transpender
receiver was held to '2.5 mecs, the required rf bandpass would be 8.5 mes.

The table 1n Fag. 19 lasts various interrogation frequency tolerances of
the ground and airborne equipments and their effect on the required trans-
ponder receiver bandpass.
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A similar condition exists in the reply path. However, the ground receiver
15 regmirad to reproduce the envalope of snorter pulses with high fidelaty
for maximm performance of the decoder eguipment. The mirnrmm vadeo
bandpass of the grouna receiver 1s given by:

Where; B = video bandpass in mecs,
a = 0.35
T = pulce rise time in ucec.
equal to C.1l
wnlch 18 equal to 3.5 mes for pulses with a rise tame of 0.1 microsecond.

The ri bandpass cf the grcund receiver must be twice that of the video
bandpess o1 7 mes, Addityznzl bandpsaz rmst be added to this value to
allow for the insuvability of the airborne trancmilter and ground receaver.
The vable in Fig. 20 lisuvs several reply freguency tcler-onces of the
round and airberne equ pments and their assccirated effects.
o

Power and Sensitivaty Tolerances

The interrogation path gain af allowed to vary over wide limits can eizher
result in overinterrozation of nearby arrersaft or the inabality to inter-
rogate distant transponders, A tight tolerance on the power output cf the
lanervogator will minimze the sensitivity tolerance of tne sirborne units
which 1s desirable from thes airborne equipment maintenance standpoint.
Figure 21 shows the effects upou interropation range when the interrosator
power outpuit 1s varied., The side-Ilcobe interrogation range 1s alsp preaented
for the same degree of power variation, If the interrogator power outnut
was held to 1,000 watus with no varration, and the transponder receiver
gensitiviby was held to -7L dbm *0 db, the effects of the vertical lobe
structure could vary the interrogation path gain from -19 to 5 db or vary
marimam interrogation range from 33 miles to 524 miles. The side-lobe
interrogaticn range could also vary from 2.08 miles to 33 mles due to the
leobing effect. The wide variestion an interrogatlion field strength due to
the lobe siructurs makes i1t impractical to transmt sufficient power for
100 per cent interrogation at 200 nautical miles. Anh increase of interro-
gator power over the 1,000 watt level or an increase of the beacon receiver
sensitivity would also increase the side lobe interrogatson range. This
would be undesirable as the side lobes are capable of excessive interrogation
range, Improved antennas with reduced slde lobe energy would permt an
increase in the interrogation path gain without increasing the side lobe
interrogation. This would provide more reliable interrogation and should
be considered 1f 1mproved antennas become available.

The signal variations due to the aircraft antenna patftern are more un-
predictable due to the constant motion of the aircraft. In general, they
can be 1gnored 1n determimng the signal level as they will seldom cause
fades lasting for more than a few moments., (This 1s not true when the
fade 15 due to wing shielding which may oeccur during turns.)
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If both the ground interrcgator power output and the airborne transponder
sensitivaty are permatted to chanze *3 db in addicion to tne looe variation,
the interrogation range wall vary from 16.5 miles to 1,048 miles. This

15 double the wvariation which was atlributzd to tne vertical lobe structure
alone.

It is apparent that signal fades will be urnreventable even with maxdimunm
control of the interrogator power and beacon sensitivaity. The field
strength variation due to the interference pattern can ce much greater
than the effect of most egquapment tolerances. The loc:tion of the 1n-
terrozator antenna can, therefore, be more i1mporianl in scme locations than
the equipment parameters. The ideal lccataion for an inferrogater antenna
would be free from zlr ground reflection., In practlce thms location would
be sither a hilltop, rough ground, or sea water in that preference order.
Smooth ground such as fouad at alrports should be avolded. Thare 1s some
indication that the use of a cmunterpoise below the interrogator ancenny
nay reduce the depths of the nulls at the lower elevaticn angles znd the
possibility of using counterpcises shouid be investigated.

Transponder Output Pcusr

The transponder trensmitter output power must be held to close limts

so thai interrogator STC provisions will be effective in preventing the
display of replies to side lobes. The table in rfig. 22 shows the signal
change required to cause sade lobe breakthrough on the PPI or target
fade~-out for various power and sensitivity variations. The lobes in tne
antenna pattern may increase the field strength by a maxamm of six db.

If sade lobe break-throuzn 1s to oe prevented, the sirx db rncrease should
be zllowed for in the "signal increzse" column, For example, tne 500-watt
*+3 db power output and ~8L dbm #3db interrogator sensitivaty condations
can cause side lobe breakthrough and shculd be rejected for use. The nulls
in the vertical lobe structure can exceed 19 db and are so severe that
target fading cannot be prevented. An improved ground antenna with lower
side lobe energy would be one means of reducing signal facing since the
improved antenna would permat a reduction of STC actaon and the use of
greater reserve sensitivity in the ground receiver without increasing
display of side lobe repliss.

Figures 23 and 24 show calculated interrogation path signal levels when
the reflecting surface is sea water and smooth soil.

Pulse Position

The common system ATC transponder replies waith pulses that have a duration
of 0.35 te 0.55 usec, a rise time of 0,1 usec or less, and a decay time of
0.2 usec or less., The number of transmitted pulses can change from two to
nine pulses depending upon the reply code and are spaced in multiples of
2., usec, According to the code selected at the decoder control box, each
2.9 usec tap on the decoder delay line will erlher be connected to a
coineldence circwat for decoding or to a killer eircurt for the rejecticn
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of a false code., Codes with few 1nformation pulges are more susceptible
to kalling because more Laps ol the decoder delay line are connected to
the xiller carcurts.

For decoding a proper code, the pulses contained in the pulse train mus?®
ercoge from the delay line taps mumultaneously. This coincidence of
pulses proauces an output indicating a propzer code. The pulses trans-
mitted by the transponder may vary somewhat i1n pulse spacing but in no
case should the variation exceed the minimum required overlap for deccder
operation, This minoimam overlap of pulses i1s given bys

WO = -2/t

Where: 'wo = the pulse overlap required in usec

W pulse width 1n usec

Nt = positionai telerance of complote
gyslem in usec

Whon considering flat top pulses with rise times of Q.1 usec and decay
times of 0.2 useg the minimwn overlap for mexamum decoder output 1s 0,19
useec as shown i1n Fag. 25. A deccder that operated in tnis manner would
allow a system tolerance of 10.08 usec for pwlses of 0,35 usec duration.
This tolerance may be considercd as "system slack" and all pulses may vary
this amount w2 thout additive effects. However, any variation above thais
value razpidly reduces decoder output and the root-mean-square method of
swiming tolerance may be used. If a decoder output which 1s 6 db lcss

than maxamum 1s considercd as the minimum acceptable performance stendard,
then the required decoder overlap 13 reduced to O usec as shown in Fig, 26.
A total system tolerance of #0.175 is possible for 0.35 usec pulscs but
due to additive effects the individual pulse tolerances must be lamited
below this wvalue. If all eight pulses are transmitted the indivadual pulse
tolerance 15 *3,12 usec as determined from the equationss

2

red !
f\tan.\ta +t")L‘t-lg
ad nt s 742 tor 8 pulse cod
a v or 8 pulse codes

Where: vty = total system telerance

'\ta = total airborne tolerance

4t = total ground tolerance

=]

\tp = pulse position tolerance

A'tg (the ground equipment tolerance) 1s taken as being zere,
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In consideration of future system expansion to a maximum code of 18
pulses the individaal pulse tolerance would bes:

(f . . 2
i g'
(0.175 - 0.080) = | 1 t
Py

where: 1t = at + 0,08
p &

1
nt, = 0,028k
P

"tp w 0,025, + 0,08 = £0,11 usec

These tolerances are based on ground equivmeris thet havs zero tolerance
and are cof interest only to show the theoretical limt of the system.

In considering the system as used with practical decoders there is both
pulsc shape distortion in the ground equipment and pulse position dis-
placement introduced by thce decoder, Tosts madc of the ANDE Type
2.3NSLa eguipment show 1n Fig. 27 that the minimum requared overlap is
0.25 usec for full output. A total system tolerance of *0,0% usec for
0.35 usec pulses 1s allowable with no output reduction. II the decoder
outpub reduced by 6 do from maximum 1s considered as the minimum accepteble
performance standard,then the measured required decoder overlsp is 0,03
usec., This allows a total system tolerance of #0.15 usec., However, duve
to the summing of tolerancecs, all tolerances above 0.05 usec must be
determned by the root-mean-square method of surming. The total ground
tolerance including all circuitry in the receiver, video amplifiers,
remoting equipment, dcecoder, and delay line can be estimated at approxi-
mately 0.1 usec., The total airborne equipmeni tolerance 15 then
calculated asg

e ———— ————— .

1t BU’\t 2+ FA% 2
5] 24 a2

(0.16 - 0.05) = |/ (0.10 - 0.05)" + .

At = 0,098

4%, = 0,098 + 0.05 = 0,148 usec
vhere ﬂts = total system
Atg = total ground tolerance

At, = total airborne tolerance = ta + 0,05
1
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If all eight pulses are transmitted by the airborne transponder the
indivadual pulse spacing tolerance 15 given by:

- g
at, = 74ty

{(0.1%8 - 0.05) = L'7 g tpl

2

L0006 = T Bpl

where z;#p = individual pulse tolerance

s at_ 4+ 0,05

Py
2 00%6
At = Q070 e 00137
Py 7
4] =
tpl 037

f\tp = ,037 + 050 = +0,087 usec

ture system expansion to 15 pulse codes would require individual pulse
spacing tclerance of

gt
4% = Ylh 9t
oy

s 2
(0,118 - 0.05) = U At
Py
2
1h 4t = L0096
Py
At =V oooods =
o V' .00069 0.0262
r)tp m (0,026 + 0,050 = 0,076 usec

A table in Fag, 28 shows the tolerances of pulses for various conditions.
Data for a ground equipment tolerance of #0.05 usec is also presented.
Tigure 29 presents the maxzmum pulse position tolerance allowable for

70 per cent decoder output.

K1lling Effects

To prevent false code information on the PPI, the decoder equmpment is
designed to reject or kill ocutput information when an extraneocus pulse
appears at an incorrect but properly spaced position., For maximum freedom
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from knlling or garbling due to extraneous pulses, the deceder selectavity
must be designed to fully utilize the pulse position accuracy of the
transponder pulses. The selectivity of the killer taps on the decoder
delay line depends upon the pulse duration and spacing tolerance. The
length of the garble area 1s 2.8 nautical miles 1n range centered on each
aircraft position. When aircraft transmt the ceboose pulse for the
identification of position function, the length will be increased an
additional 0.7 nautical mle., The wadth of the garble area is equal to
the effective beamwidth of the beacon antenna. The code selected at the
deceder determines the number of killer taps that can cause killing of the
output video, Code 00 connects all six taps to the killer circult while
Code 77 removes all taps from the killer ecircuilt. Considering all codes,
the average number of krller taps in 4,6, The width of the killer slot is
equal tot

Wk =W + Ws

where: W = pulse duration an usec
Ws = killer tep selectivaty in usec.

Figure 30 shows the killer caircuit selectivity for several pulse widths.

In order to reject false cedes, the killer slot aannct be more selective
than the decoding coincadenee circuit, Table 31 shows the pereentage of

k1lled replies for different decoder selectlvities,

Tests made on the present decoder show that the killer selectivity is 1,0
usec with 0.55 usec input pulses and a corresponding killing of 26,4 per
cent of replies, average for all codes when the aircraft separation 1s such
that garbling can occur.

The selectivaty of the decoder coincidence circult could be decreased by
means of pulse stretching techniques to permt relaxation of the pulse
position tolerances of the airborne equupment. However, the associated
wide selectivaity in the kailler circuit would lnerease killing within the
garble area, If maximum performance is desired of the decoder under
reply garbling conditions, the selectivaty of the doccoder and the pulse
tolerances must be kept to close limits.

System Tolerance

The maximum system pulse position tolerance is determined by the shortest
pulse duration and the minimum required pulse overlap, With 0.35 usec
pulses a mmmrmmm overlap of 0,078 usec 15 required allowing a maximum
system tolerance of +0.136 usec. An overlap of 0,078 usec glves a coin-
cidence selectivity of 0,54 usec for 0,35 usec pulses.

The width of the killer slot 13 determined by the longest pulse duration
and the selectivaty of the decoder killer circuit. The Imlier elreult
selectivity must be no sharper than the corncidence eircult aelectivity
which 18 Q.54 usee for 0,35 usec pulses. With 0.55 usec pulses the
Inller sslectivity curve increases to 0.9Ll; usec.
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Present available decoders for the in-service tests are not perfeect and do
require an increase cf pulse overiap for adequate ouipufi. Operaticn cf
the full 64 codes w.th this decader requires a transponder pul se position
acclracy within 20.08L usec, If a perfect decoder were avaxlable, the
airvorne tolerance could be relaxed to 0.1 usec, However, future pla:is
for system code expansion will reguire alrorrne pulse position accuracy
within +0,095 asec even with a perfect decoler. Based ox 70 per cent
aecoder oubtput, satisfactery syslem operaticir can be excected during the
gservice environment tests 1f the tranaspoader pulse poritiors are held to
=0.06 usec, With improved groand equipment and additicnal pulse code
asslgnment the futnre irangponders snould be held to 10.08 usec.

RECTMMENDED CHARACTERISTICS

The foliowing characterict.cs baced on the previous dzscission are
1ecommended for compatible ATC beacon egrapmeat :

A, Greaed Interrcgator

1. Transmitter Frequencys 1030 mecs 30,2 me.

2. Transmitter Power: 1000 to 2000 watts peak cutput measured
at the antenna terminal across a 5Z-ohm resastave lead at
any prf From 50 to L1O pulses per second,

3. Trensmtter Fulse Shape:

a, Duration of 0.8 *#0.1 usec as measured at 50% of the
peak amplatude,

b. Hise time of 0,1 usec or less.
c. Decay tame of 0.2 usec or less.

d. Amplatude of the two pulses shall be within 10% peak
amplitude of each other,

@. Pulse spacing shall be 8.0 0.1 usec.

i, Receiver Sensitivity: A tangential receiver gensitivaty of
not less than -20 dbm.

5. Receiver Frequency: 1090 mecs #0.2 mes,

6. Receiver RF Bandwidth: Not less than 9.5 mes at 6 db
points with present decoders, (13 mes for improved
decoders)

f. Video Responses Video output from receaver shall be a
repreoduction of the transponder pulses wlth rise and decay

times not to exceed 0.1 usec and 0.2 usec, respectively.
[
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The viden ghall be limited at 2.0 volts and sufficient gain
shall be provided it produce at least 0.5 vult of average
pesk noise outpat when the GTC 1s disabled, A signal 21

db above a signal plus nouise-to-noise ratio of 2 wo 1 snall
have no saigmificant stretchiung.

GTC: The receiver gain shall be redeced at least 75 do
belows normal gain by a disablirg gate winch occurs before
the tvanasmtter . pulsad, At 15 usw,afte-r the secend
pulce 1s tranzirtted, the receiver gain chall zeach an

ad uctable value which is between 30 and LO c¢b below a
sen~. tivaty of -90 dbm, The goan shall continue to rise
toward, rormal at the rate of 6 db each time the range is
doubied., Maximum deviation from this gain vs time curve
ghall not exceed #1.5 db at any point. The receaver shall
be enabled for an adjistable perrod from 10 per cent to
80 per cent of the prf pericd.

Anteana Gein- Minimum garn chall be 21.5 db cver an iso-
ropic radrator for 200-mile operation.

Antem.a Side Lobeg: Down at least 2L db below the level of

Effective Radiated Powers L9.5 to 52,5 dbm for 200-mile
operation. An ERP of 39 to L2 dbm 1s satisfactory for

Transmssion Line Loss: As required to meet effective
Antenna Scanming Speed: At least 10 hits per mode shall

be received during each antenna scan,

Antenna Height: As requared to manimze effects of vertical
interference patiern, reflecticns and blind areas.

Polarmzation: Vertical polarization.

Transmitter Frequency: 1090 mes plus or minus 3.0 mcs,

10.
the mzin lcoe,
13,
30-mle terminal cperaiion.
12,
radiated power requirements.
13.
1h,
15,
ATC Airborne Transpenders:
1.
2, Output Peak Power: 27 dbm *3 db.
3. Reply Pulse Shape:

b

a. Duration 0,35 to 0.55 usec.
b, DRiee time 0,) usec or less,
¢, Decay time 0.2 usec or less.

Receiver Sensitivity: Normal -7L dbm #3 db for 90% inter-
rogation, Low -62 dbm *3 db for 90% interrogation. For



10.

11.

12.

13.

1.
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interrogation rates from 1000 to 2000 per second the recciver
gensitivaitr shall rot be reduced more thar 3 db, Above 2000
per second the receiver sensitivity shall be reduccd by at
least 20 db at 2500 per sccond.

Receiver Frequency: 1030 mes +3 mes.
Receaver Bandwzdth: 8.0 mes at 6 db down,

Reply Craracteristics: Each revly pulse train shall consist

of two bra.ket pulses spaced 20,3 =0,.C6 usec apart and up to

& adaitional information pulses spaced each 2.9 x0,06 usec

frem the iirst prackct pulse, A spceral identification

cabeose wolse shall be transmtied L.35 #0.1 usee from the second
prackes polse,

Interrogatuon Characteristicse Interrogation pulse palrs

of 0.6 ..l usec duration spaced § usec =0.1 usec shall
interrogste the transponder, Clrcuitry shall be ineluded to
reject puises which have a duration of less than 0,3 usec and
more than 2,0 usce.

Reply Delay: Internal deley shall be 3,0 #0.5 usec,

Ranse Jitter: Masomum range Jitter on successive replies
shall not excced *0,1 usec.

Effective radizted Power: 24, dbm +3 dh,

Transmission Iane Loss: A nominal loss of 3 db sufficient
to meet thc ERP requirements.

Antenna: Essontially omni-directional in the horizontal
plane. Vertacal beamwndth at least 130 degrees from the
horizontal, plana.

Polamzation: Vertical polarization,
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T Transmitter Transpchoer lecelver Required Transponder

Irequency —lrequency "es, Gecelver AF Bandpgss ligg,

1030 £ 0.1 1030 £ 1 3.7
< a7

2.5 6.7

3 7.7

F4 9.7

1030 £ 0.5 1030 ﬁ 1 L5
2 845

g 2.5 745

3 8e5

4 1C.5

103C £1 1030 § 1 545
2 7e5

§ 2,5 B.5

3 9.5

4 1.5

1030 £ 2 1030 ﬁ 1 75
2 9.5

2.5 10.5

3 11.5

4 13.5

fizr, 19 Interrogation FPath Frequency Tolerances
Based on Hnimm RF Dandpess of 1.5 "ies. for 1 usec Pulse

Cal TECWMCAL
DLYVELOPMRERT CINTER
IHDANAFTILS (NDIANA



Transponder Trans~itter R Vecelver Jequired IR Feceiver

'reguency cs, I'requency cg, " 3gndpass_ cs,

1090 £ 1 - 1090 £ 0.1 G.2
0,5 10
1.0 11
2,0 13

1090 £ 2 109C £ 0.1 11,2
0.5 1
1.0 13
2.0 15

1090 £ 2.5 1000 £ 0,1 12,2
£ 0,3 13
£ 1.0 72
£ 2.0 16

1090 £ 3 1090 £ 0,1 13.2
0.5 VA
1.0 15
2.0 17

"2 20 Reply rath “requency Tolersnces Based on
finimum RF Bandpass of 7 es, for a 0,1 usec “ulse Rise Time



—  Treeo-bpgce Proppgation Interferance Patiorn over Jmooth Sail

IR Jutput Transponder Interrogation Rangs o.ide Lobs Interrogation Interrogation Range Slde Lobe Interrogation
Power censitivity Hautical 1les Range .lautlcal !Hles Nautical 'iles Range Nautiecal :ilas
lgtts dbm_ Animun  lgximgn Animum Jpdmp _dpdmn mximp _dolmim aximn
1000 =7, £ 0 db 297 294, 18.6 18.6 33 524 2.08 33

1 db 262 330 16.5 20,8 29,4 586 1.86 7.1
é 2 db 233 3n 1.8 23.4 26,2 656 1,65 41.5
£3 dv 208 415 13.2 26,2 23.3 738 1.48 46,5
£ 4 dh 136 465 11,7 29.4 20,8 825 1.32 52.4
5 db 165 524, 10,4 33.1 18.6 928 1.17 58.6
é 6 db 47 586 9.3 37 16.5 1040 1.04 65.6
1500 =74 ¢ 0 db 362 362 22,8 22,8 40,6 645 2.57 40.6
1db 323 406 20.3 25.6 36.2 702 2.29 45,5
2 db 287 455 18.1 28,7 32.3 810 2.03 51.1
3 db 257 511 16.1 32,2 28,7 906 1.81 57.2
4 db 229 572 Li.4 36 25,7 1020 1.61 64.5
5 db 203 645 12.8 40,6 22,8 1140 1.44, e
6 db 181 720 1.4 45.4 20,3 1280 1.28 81
2000 =7, £ 0 db 415 415 26.2 2642 46.5 738 2.94 46.5
1db 370 465 23.3 29.4 41.5 825 2.62 52.4
2 db 330 524 20,8 33.1 3 928 2,32 58.6
3 db 294 586 18,6 37 33 1040 2,08 65.6
4 db 262 656 16,5 1.5 29.4 1170 1.86 73.8
5 db 233 738 1.7 46.5 26,2 1315 1.65 82.5
é ab 208 825 13.1 52.3 23.3 1470 1.47 92.8

Effect of ‘ower and Jensitivity Tolerances upon laterrogation Range. 18 ft. Antenna
Slde Tohes =24 db. Interference vrattern Lobes 5 db and Nulle -19 db from Free=Space.

Fig. 21

SIVELOPMINT CERTEM
IEMANARCLIE (w0 A,



Transponder Jutpat TR Receiver Slgnal Inerease uver Signal Decreazse DBelow

“ower 'atts Sengitivity Tree-Space for Side Lobe Tree-Space for Target
Breakthrough og PPI Fade
500 £ © db -8/ dbm £ 0 db 11 db =10 db
£14db 10 db -5 db
£2db 9 db -8 db
£3ab 2 db -7 db
50C £ 1 db -8/, dbm ¥ 0 db 10 db -9 db
£1db 2 db -8 db
X2 db 8 db =7 ab
£3db 7 db =6 db
500 £ 2 dn -84 dbm ¥ 0 db 9 db -8 db
5 1db 8 db -7 db
2 db 7 db ~6 db
£3db 6 db -5 db
500 £ 3 db -84 dbmﬁOdb 8 dab -7 db
1 db 7 db -6 db
fz db 6 db =5 db
3 db "5 db -4 db
500 £ 4 db -Eb’.,dbméOdb 7 db =5 db
1 db 6 dp -5 db
§ 2 db *5 db =/ db
3db %, db =3 db

*S1de lobes wil® breal through on “PI due to pattern lobes

fr_ . 2° Lffect of Tenly ath "ower and Sensitivity Tolerances
on Target Display. 1€ ft. intenna 5ide Lobes =24 db.

|
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Yiceo

Lnterconrect_ Future Perfect Tecoder
Eguipment = .mprovec and Crourd
ANDE 2.3 ila Cecogerc Equipment g
T0€ CUTPUT
“inimum Pulse Overlap usec. 0.12% 0.10 0.078
Totel System Tolerance nusec. £0.1125 £0-13 £0.136
Total Airborne Tclerance # e
2-pLlse Code £0. 087 A0.12 £0.13 £0.1%
L-pulse Code Aelore £6-007 0.0 £0.112
B-oulse Code £0.064 £0.086 £0.09 £0.101
15-pulse Code £0.06 £0.08 40.08 £0.095
S0% “LT UT
Minimur Pulpe (verlap usec. D3 0,015 >0
Total Systen ToleTance uScc. fO.lﬁ £0.16¢ ip.lTS
Total airborne Tolarauce * e
Z-pulse Code 40,148 £0 162 [fo.168 £0.175
L=-pulse Code A0 107 £0.12 £0.12, £0.135
=lulse Goce 40,07 £C.10 0,10l £0.12
15- >ulse Code £0.076 £0.09 fo.053 £0.11

Pulee Wiath 0.35 usec Hiae Time 0.10 usec. Decey Time 0.20 usec.

# Total Crouné Lqu.pment Tolerance f 0.1 usec.

~# Total Cround Squipment Tolerance £0.05 usec.
# #% Zero Tolerance “round kguipnemt

AXTMUL PULSE TOLERA* CES
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Pulse '1dth Fequired Decoder cxoirum System Colncidence

i Ugocs 2yerlap o pog. To At L celectivity Loecg,
0. 0,25 £ 0,05 0.2
» C.19 0.08 0,32
0.125 0,113 0.45
0.078 0,136 0.544
o, 0.25 £0.1 Cady
@ 0.19 0,13 0.52
0,125 0.163 0.65
0,078 0,186 0,744
0.55 C.25 £0.15 0.6
0,19 0.13 0,72
0.125 C.213 0.85
0,078 0,236 0.944
A t - ‘J—EWQ
Pulee iidth :11ler Tap Decoder Yi1ller
W USBG. selectavity 43 Ugec, Selectavity Wk L3gc,
0,35 0,1 0,45
C.2 0.55
0.4 0,75
0.6 G.95
0.8 1.15
0445 C.1 0.55
0.2 C.65
004 0-85
0.6 1.05
0.8 1.25
0.55 0.1 0.65
0.2 0.75
0.4 0.95
C.6 1.15
0,8 1,35
Ik = + s
Tlg. U

Effects of ™ulse "1dth snd Decoder Cverlap Upom System
Tolerance and Selectivaty
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Decoder 1ller “erecent  1lled “eplies ir grbled Zone

Selectivity <ec. \verane _Tuture System Txpension
Codg 00 A1l Codeg —exdmn dverage
0.2 6.9 5.29 12,7 9.77
0.3 12,3 7,93 1.1 4.6
0.4 13.8 10,6 25.4 19.5
0.5 17.25 13.2 31.9 2y
0.6 20.7 15,9 38.2 29.3
0.7 24.1 18,5 L4 o6 34.2
.8 27.6 21,2 50.9 39.0
€.9 21.0 23430 57.3 43.9
1,0 3445 26.4 63,7 48,8
1.1 37.9 29.1 70,1 53.7
1.2 41,4 31.7 764 58.6
1.3 44,8 34ed, 82.8 63.4
Fi_. 31

Effeet of Jecoder iller Selectivity Upon “ercentage
of rilled “eplies in Carble Zome
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