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EVALUATION OF THE RHO/THETA TRANSPONDER SYSTEM* 

FOREWORD 

the kr ~evlgation Development Board (ANDB) was established by the Departments 
of Defense and Commerce m 1948 to carry out a uufied development program aimed at 
meetrng the stated operational reqmrements of the co-on mr,itary/clvll BIT navigation and 
traffic control system. Tbrs project, sponsored and financed by the ANDB. 1s a part of that 
program. The ANDB 1s located wlthir, the adrmrdstrative framework of the Civil Aeronautics 
Admimstration for housekeeping purposes only. Persons deszrrng to commurdcate with ANDB 
should address the Director, A,r Navigation Development Board, Clvrl Aeronautics Ad-s- 
tratmn. W-9, Washmgton 25, D. C. 

SUMMARY 

Th,s report describes the apera~onal and technical evaluation by the Techmcal 
Development and Evaluatmn Center of the Civfi Aeronautics Administration of an au-traffic- 
control ud known as the Rho/Thete Transponder System. The system components were 
developed and constructed by several contractors under contracts wvrth the Bureau of Shrps and 
the Bureau of Aeronaut,cs of the Navy Department. The contracts were sponsored by the Air 
Navlgat~on Development Board. 

The urborne comporrents of the system are mterrogated by extber S-band alrport- 
s~velllance or X-hand precismn-approach radars. One or more reply pulses are trmsmitted 
for each ground-radar mterrogation pulse, and the replies are recerved by a responsor installed 
at the radar site. The video output of the responsor 1s mixed with the radar video signals, and 
the combrned slgnals are &splayed OP the radar mdxator. When iurcraft are eqvlpped with 
transponder uruts, the reliabihty of corresponding targets displayed by the radar tic&or ia 
improved and aircraft ldentticatron is possible. Range-codmg idenizfication is provided when 
the airborne transponder transmits two or more pulses for each mterrogation pulse recerved. 

Two models of zurborne equpment were evaluated. The reply frequency of the first model 
was 1375 MC. and the reply frequency of the second model, referred to as Mod. II, was 2927 MC. 
Except far reply frequency, the two models were szmilar. Evaluation of the first model was 
Imuted, because the modified ASR-2 antem,a required to receive L-band transponder replies 
was not available. Also, because the video mterconnection uut requred to mix transponder 
and radar qideo signals was not avarlable, it was necessary to construct substitute uats at the 
Technical Development and Evalutron Center. 

Evaluatmn of the system and of Its components was pa&ally completed when the Au 
Navzg&on Development Board requested that the work he termmated. Th,s request wes made 
1n accordance wltb recommendations of the Air Traffx Control and Navigation Panel of the &r 
Co-ordinatmg Committee to the effect that evaluatmn of the Rho/Theta transponder system 
should be dxcontmued and that an air-traffic-control beacon system sutable for military and 
Clvll use shoula he developed and evaluated. 

Results of the evaluatmn tests wh,ch xvere completed mdicate that the Rho/Theta trans- 
ponder system IS beneficral from the standpomt of terrmnal-area traffic control except ,n areas 
where several S-band radars ere operated. Other radars m the area may ather “capture” or 
overinterrogate the transponder. Certam m,provements in equpment and components would be 
requred to zmprove r&ablMy of operatmn. The tests which v,ere made mclude deterrrdnatmn 
of capture effect, coverage, effects of aircraft attitude and headxng, effects of automatic 
sensltlvity-control provlsmns. and possiblhty of display of second-tune-around responses. 

*Manuscript suhrmtted for publxatmn Octobpr 1953. 
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INTRODUCTION 

Primary radar, such as alsport-survell1ance (ASR) and precx.mn-approach (PAR) 
radars, 1s bemg used at some of the ma,o= aIrports to speed the handlmg of aarcraft zn the 
termmal area. For the safest and most efficient hsndlmg of traffic, the radar must provide 
mformat~on that pernuts trnffic controllers to track aircraft cantmuously. The alrcraft Lsrgets 
&splayed on the radar mndxators should be dxstmctly vlslble for all weather conditions regard- 
less of the type of mrcraft surface, axcraft size, ground speed, headmg, or‘ attitude. Posl+.,ve 
aircraft ~denWxatzon 1s needed to elxnmate present ldentlfrcation-turn procedures whxh csuse 
some delay. 

Although the use of prxnsry radar has done much to speed the handlmg of aircraft and to 
reduce delay txme, It has been found that such radars fal to satisfy all the reqlurements because 
of the followmg disadvantages 

1. The performance msy be sermusly degraded by preclpltatron mterference 
2. The target-echomg areas of small arcraft, su h as Jet-fighter types o= the prlvste-flyer 

types which have fabric-covered fuselages, sre so small that the targets may not be vrslble at 
all trmes. 

3. Fixed targets o= obstacles cm the ground may reqlure the use of moving-target-ln~cator 
(MTI) clrcurts to remove the correspondmg clutter from the radar mdxcator, Movmg-target 
quality IS lmpex-ed when the arcraft course 1s such that It causes a zero rate of closure with 
the radar ante- n= when the ground speed approeches o= IS equal to any of the radar blmd 
speeds. Furthermore, the MT1 subclutter-v,sxbllzty characterlstrcs of some radars da not per- 
rmt r&able display of movmg targets when the,= range and azxnuth comclde with those of 
ground objects havrng large target-echomg areas. In some mstallatrons, the radar antenna IS 
tllted upwards to reduce ground clutter and resultmg MT1 problems As a result m-urn 
radar range at the lower altitudes 1s reduced. 

4. The vertxal-coverage cha=acte=lst,cs of radar antenna are such that the &splay of tar- 
gets cannot be assured when the aircraft are at certain vertxal angles and ranges with respect 
to the antenna. 

5. The character of all aIrcraft targets 1s sim~la=, so that 1dentlfxatl.m of mdlvldual al=- 
craft o= of &ffe=ent types of rurcraft IS zmposslble. 

The Rho/Theta transponder was developed to overcnme these deflclencxes I,, accordance 
with the or,ginal recommendations made by the AI= Traffxc Control and Navlgatlon Panel of the 
Au Co-ordinatmg Commzttee. Thzs partrcular form of safety beacon was developed to obtam 
il workmg system as expedztmusly and economically as posszble and to obtam operational exper- 
lence with the use of safety beacons ,n a~= traffic control. Other forms of safety beacons, 
mcluding mdependent seconddary-radar systems, have been developed. Generally, these systems 
were-more complex, reqmred extensive mo&flcatmn of the primary-radar eqrupments, o= 
could not be released for clvll use because of nulxtary-security c1assiflcatlc.x 

Evaluatmn of the Rho/Theta transponder was not completed. Ln March, 1953, the A,= 
Navigation Development Board requested that evaluatmn of the eqrupment be terminated m an 
orderly manner and that a report be made of the results of the evaluation tests. This request 
was made zn accordance wltb recommendations made by the Al= Traffic Control and Navlgatmn 
Panel of the A,= Co-o=d,n&ng Commxttee, in a letter dated February 24, 1953, to the AI= 
Navrgation Development Board. This letter also transmitted proposed cha=acte=>stxs of an 
ax=-traffic-control beacon system for mclusmn in the reqlurements of the Common System, 
requested development of eqlupment to meet the characteristics of such a system, and =ecom- 
mended that previous efforts assoczated with beacon systems be dlscontmued. The characterls- 
txs of the al=-traffic-control beacon system have been approved by the Jomt Communrcatmns- 
Electronics CommIttee of the Joint Ch,efs of Staff and are expected to pe=m,t c,v,l D= mllttary 
alrcraft to operate w,th c~v11 and m,l,ta=y x=-control and surveillance-radar systems v,,th 
reasonable compatlblhty and without the reqmrement for two separate beacons 

Accordmgly. evaluatmn tests have been d~scontmued and results of operatmnal and 
techmcal studies and tests that were completed have been mcluded in thLs report 



Fig. 1 Rho/Theta Transponder (S-Band Reply) 

EVALUATION OBJECTIVES 

The evaluatmn objectives were to 

1. Determne the effect of the transponder on the range, accuracy, and resolutron character- 
IstIcs of the ASR-2 and PAR-l radars when the transponder is mstalled n-, a representative 
sample of amcraft havmg dxfferent headmgs and attitudes and when It 1s operated under good 
and adverse weather condltmns. 

2. Determne the mmmum useful ranges obtamable wrtb the ASR-2 and PAR-l when the 
automatic-seasltivity-control (AX) arcnits of the transponder are &sabled as compared to the 
mrarnurn ranges when ASC 1s operative. 

3. Determme the magrutude of the capture effect when the transponder ASC zs operative and 
two radars are in use I,, the area, the varmtlon I,, capture effect as the relat,ve power outputs 
of the radars vary between one and ten. and the magmtude of the capture effect when the trans- 
ponder ASC 1s operative and two PAR eqrupments are n, use n, tbe area. 

4. Deterrune the stab,llty hmtatmns, the test-equpment needs, the degree of relmblhty, 
and the mau,tenance needs of the transponder and of assocmted ground equpment 

5. Determme the effect of the transponder on the utllxty of the ASR-2 as a traffic-control aid. 
Particular attentxm IS to be pad to the effect of bloomer Identity, of four Identities m eddxtmn to 
the bloomer, of extended range of the ground radars, of mtermmglmg transponder-eqrupped end 
non-equxpped arcraft, of capture by other ground radars, and of extraneous triggering by other 
ground radars. 

6. Deternnne the techmcal dxfferences between S-band and L-band reply paths. 
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Fkg. 2 Rho/Theta Transponder (L-Band Rq ,lY) 

Fig. 3 S-Band Reply Transponder (Cover Removed) 
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DESCRIPTION OF EQUIPMENT 

The ma,~r components reqmred for a complete S-band reply-transponder system and 
the dxplay of transponder repbes on ASR mdlcators are as follows 

1. Rho/Theta transponder mstalled m axcraft. 
2. TR modificatmn lut Installed in the radar wavegude precedmg the m&o-frequency mixer. 
3. S-band rece,ver (responsor) connected to the TR modlflcatmn lut. 
4. Video interconnectmn umt (rmxer) to mix responsor and radar-receiver ~nformat.~on, 

When the L-band reply transponder 1s used, the equpment reqmred IS the same as just 
noted except that an L-band feed and double-rotatu,g ,ou,t must be added to the surveillance- 
radar antenna-and-pedestal assembly, the TR modlficatlon lut 1s ehrmnated. and an L-band 
responsor IE substituted for the S-band responsor. 

The mayor components requxed when &splay of transponder replles on the preclszon- 
approach-radar indxators 1s deslred are 

1. The Rho/Theta transponder Installed in the aircraft. 
2. A fixed antenna installed on or near the radar bmldmg. 
3. A video r,terronnection umt to - responsor and radar-receiver video rnformatxr,. 

Rho/Theta Transponder. 
The alrborne transponder w&s developed and manufactured by Westu-,ghouse Electrrc 

Corporahon under Bureau of Aeronautics Contract NOa - 12186. The foUov,xnS components, 
shown I,, Fxgs. 1 and 2, are requred for x,stallatmn in the urcraft 

Flp, 6 TR Mod,ficatlon Iclt Installed a,, ASR-2 Eqlupment 
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1 Receiver-transmitter umt (S- or L-band reply) 
2 Control umt 
3 S- or L-band transmrttrng antenna 
4 S-band recelvmg antenna 
5 X-band antenna 
6 X-band preamplltler 

Five AN-type power connectors. two BNC-type connectors, and four m-type connectors 
are requrred Type RG-62/U cable 1s used for transmlssmn of video signals from the X-band 
preampllfler to the receiver-transmitter umt, and RG-B/U cable 1s used between the S- and 
L-band antennas and the recexver transmitter umt The total weight of the S-band reply- 
traneponder components. excludmg connectors and mterconnectmg wirmg, ~8 approximately 
18 50 pounds The dxnen~mns and approximate welghtl of mdivrdual components are lIsted 
m Table I 

umt 

Transmitter-reccrver 
umt wrth shock 
mountmg 

Control box 

X-band preamplrfler 

X-band preselector 

X-band antenna 

S-band antenna 
(two reqmred) 

TABLE I 

RHO/THETA TRANSPONDER COMPONENTS 

Hslght Width Length 

(inches) (inchca) (mchen) 

9 l/S 6 l/.9 14 1/2 14 5 

4 5 3 5/a 1.5 

4 4 6 11/16 15 

2 5/16 2 5/16 2 s/e 0 25 

3 (dla 1 4 5/a 0 50 

2 l/Z (dm ) 3 3/4 0 25 

External power reqmrements lrsted by the manufacturer are 0 9 amp at 115 volts, 400 cps, 
and I 05 amp at 26 5 volts d-c 

Primary performance characterlstxs are given m Table II 
Figure 3 1s a view of the S-band reply traneponder with the cover removed A further 

description of the components and therr operatmn 1s included 1n Appendix I 

S- or L-Band @sponsors 
Fxaures 4 and 5 show the S-band reswnsors. The L-band responsor r-f components are 

larger, &herwlse. the appearance of S-b&d and L-band respowora 18 the came The re- 
sponsors were developed and manufactured by Westinghouse Electric Corporatmn under Navy 
Department Bureau of Ships Contract No NObsr-49232 

The responaors were desrgned to receive signals from the transponders m aarcraft and 
to deliver video outputs of approximately 2 volts across a load rearstance of 68 ohms The 
S-band and L-band responsors are xdentlcal except for the r-f preselectors, local oscxllators. 
and r-f rmxers Modlfxatmn klts reamed to convert from S- to L-band and from L- to S-band 
operatron were furnIshed 

S-band responsors can be tuned to receive r-f srgnals m the frequency range of 2900 to 
2950 MC, and the L-band responsors can be tuned to receive signals m the frequency range of 



F,g 7 Photograph of TR Modlfzcatron Kit 

1365 to 1450 MC Normally. the S-band responsor 1s tuned for operatmn at 2927.5 17 5 MC, 
and the L-band respcnsor 1s tuned to receive signals at the frequency of 1375 *7 5 MC It 1s 
necessary to ad,ust the local-oscillator frequency and the r-f preselector ,f operatmn at other 
frequenaes 1s desired 

The responsors consist of an r-f preselector, a local oscillator. an r-f nnxer, an 
lntermedrate-frequency amplifier strzp w,th detector. a video ampkfrer. sensltlvlty-tme- 
control (STC) crrcuts. and the power supply The ma,or characterlstlcs llsted by the 
manufacturer are 

Mmmmm dlscermble signal 

Over-all frequency bandwldth 

Appronmately -115 dbw 

15 Mc between response pornts 
6 db down with respect to 
passband response 

TABLE II 

PERFORUNCE CHARACTERISTICS RHO/THETA TRANSPONDER 

Frequency Sensltlvlty Pulse Width Dead T,me Peak Power 
Band Below 1 watt 
(MC) (db) ( +sec) ( P =c) (watts) 

S-band mterrogatmn 2700 - 2900 74 05 to20 250 app 

X-band mterrogatmn 9000 - 9180 69 025tolO 250 app 

R-F output 2900 - 2950 10 * 02, 100 lnm 
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Fig 8 Block Diagram of TR Modlhcatmn Kit and Connectmns 

1-f ampllfler frequency 

1-f amplrf1er selectlvlty 

60 MC 

25 MC from center frequency 
at response pants 60 db down 
with respect to passband 
response 

Video output Manmvm of i2 volts across 
68-ohm load 

STC trigger requirement 

r-f rnput mpedance 

r-f mpllt connector 

Video and trrgger connectors 

External power reqmred 

Dunensmns 

1 to 20-volt posrtlve pulse of 
1-rmcrosecond duratmn 

52 ohms 

Type N 

Type BNC 

90 watts at 115 volts. 60 cps 

12 mches high. 16 l/lb Inches 
wde. and 20 7/0 mcbes long 

Weight 81 5 pounds 

Operatmn of the responsors 1s described m Appendix II 
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TR Modlfxatmn Kit 
The TR m”d,flcatlon k,t was developed and manufactured by Maryland Electromcs 

Manufacturmp Corporation under Navy Department Bureau of Ships Contract NOsr-57070 The 
kit was desIgned for mstallatxm on the ASR-2 transmitter-modulitor assembly for connectIon 
between the waveguIde-shutter and signal-mixer assemblies The function of the lut 1s to 
separate radar and transponder r-f signals so that the ASR-2 antenna can also be used for 
reception of transponder signals Flgure 6 1s a view of the kit mstalled on the ASR-2. and 
Fig 7 1s an “bllque wew of the assembly A block dmgram 1s shown m Fig g 

The TR modification-kit Input connection 1s a waveguide-to-caalrlal-line transItIon 
assembly 
UG-107B/U 

The transltlon assembly 1s connected to the center connection of a T-connector, 
One end of the T-connector 1s connected to filter assemblies whxh pass signals 

from the transponder The output of this sectton of the kit IS connected to a Type-N receptacle 
marked BEACON The other end of the T-connector 1s connected to filter assembhes which 
pass ASR-2 signals The output of this sectIon 1s connected to a c”axzJ-to-wavegulde transxtlon 
assembly and thence to the ASR-2 szgnal maer Each filter se&on conszsts of three coaxial 
resonant cavltles Individual cavltxs may be compared to a three-quarter-wavelength short- 
clrculted coax4 line with a lumped capacitance ac+“ss the “pen end Power 1s coupled Into 
and out of the lndlvldw.1 cavltles by couplmg loops Coaxial conductors are used for cavity 
l”terco”“ectlo” 

The camties are tuned by slugs which move up and down mslde the cavltles as the tuning 
knob 1s turned A tonmg knob and a counter are provided for each filter section Three worm 
gears are pro-.ed to the shaft which 1s rotated by the knob. and the worms are geared to spllned 
shafts on the md~vtdual cawtles As the knob 1s turned, the sphned shafts control the expansxon 
of bellows whxh are sealed over the cavity center conductors so that the effective length of the 
center conductors 1s varxd Each of the splmed shafts was bored and threaded mternally so 
that mdlvrdual canty-tumng screws could be mserted These e.crews press on the bellows, and 
their adJustment provides ~nd~vldual trumnmg of each cavity The kit was constructed and 
calibrated so that the readlog of the counter connected to each tumng-knob shaft Indicates the 
approxmxate frequency to whxh the filter se&on 1s tuned To adJust a filter sectIon for “per- 
atmn at a partxular frequency, the knob 1s rotated to “btam the counter reading mdxcated by 
the callbratlon chart Then, the mdlvldual trxnmlng screws of the three cavltws of the filter 
se&on mvolved are adlusted for mazamum output 

The center frequency of the ASR-2 filter section may be adJusted from 2700 to 2860 MC, 
and the bandwidth 1s at least 5 Mc The center frequency of the transponder or beacon-filter 
sectlon may be adjusted from 2905 to 2950 Mc. and the bandwldth 1s at least 15 Mc Other 

- ------ -_- - 
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character,st,cs. as publrshed by the manufacturer, are ,sclation agarnst crosstalk, not less 
than 40 db. lsolat,on of output of one sectmn from local osallator of rece,ver connected to the 
other se&on, approx,mately 50 db, ,nsert,on loss for s,gnals hav,ng frequenc,es ,n the pass 
band, less than 3 db, we,ght. 39 5 pounds, and over-all d,mens,ons (exclud,ng wavegmde 
proJect,ons), IO 9/16 Inches h,gh. 6 5/E ,nches w,de, and 24 l/16 ,ncbes long 

The manufacturer’s curves show,ng ,nsertlon-loss varratlon w,th frequency have been 
replotted and are shown by F,gs 9 and 10 

V,deo Interconnectron Un,t 
A video ,nterconnect,on un,t. or m,xer, is requ,red to rn,x v,deo srgnals from the pr,mary- 

radar recerver and responsor so that the camb,ned outputs may be d,splayed on the pr,mary- 
radar ,nd,cator In add,t,cn, ,t ,s necessary to delay the radar ,nd,cator sweep and video 
,oformat,on to compensate for delay ,n the transponder triggermg and oscillator c,rcu,ts A 
unit was developed by General Electr,c Company under Navy Department Bureau of Ships 
Contract No NObsr-49278 It was not available durmg the evaluat,on tests, and the mrxers 
used were constructed at the TDEC 

The schematic diagram of the nnxer used to mix video s,gnals from the PAR-l rece,ver 
and the responsor ,nstalled at the PAR-l s,te ,s show,, ,n F,g 11 The m,xer was ,nstalled ,n 
a rack near the PAR-l ,nd,cator console A spare RG-13/U cable ,nstalled ,n the ducts between 
the PAR-I transrmtter-rece,ver bu,ld,ng and the ,nd,cator console was used to connect the 
responsor v,deo output to the m,xer The m,xer was deslgned for ,nput and output v,dec-s,gnal 
amplitudes of at least 2 0 volts The bandwuldth ,s such that 0 5-rmcrosecond pulses are not 
appreaably attenuated or d,storted 

The PAR-l v,deo 1s connected to the connector labeled V,deo No 1, and the responsor 
v,deo 1s connected to the connector labeled Video No 2 The delay 1,ne connected to the V,deo 
No 1 mput c,rcu,t ,s a un,form delay lme, General E1ectr.c Company Catalog No 5111891 
The length of the lrne ,s 3 feet, and the total delay ,s 1 5 microseconds The characterlst,c 
impedance of the line IS 1100 ohms The frequency pass band IS from 0 to 2 0 MC V,deo s,gnals 
are mixed by V-l and ampl,f,ed by V-2 Tube V-3 ,s connected as a cathode follower tC feed 
the v,deo cable to the mdrcator console The delay 1,ne delays the PAR-l v,deo to compensate 
for delay introduced by the transponder tr,gger,ng and osc,llator c,rcu,ts Sweeps for the lo- 
mile and 3-mile ,nd,cators are delayed the same amount by adJustment of the sweep delay 
adJustment in the 3-m,le sweep ampl,f,er un,t and the IO-m,le sweep ampl,f,er unit 
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Fig I1 Schematic Diagram of Video Mixer for PAR-l 

Fxgure 12 1s a schematx diagram of the unit whxh was used to mix video signals from the 
ASR-2 receivers and the responsor Two plan-posltmn-mdlcator (PPI) consoles were used 
durmg the tests The mformatmn on one mdlcator wag photographed The other mdlcator was 
observed by engmeers and traffic-control specialists 

The ASR-2 video and trigger signals were connected to one Input receptacle, while the 
responsor video-output signals were connected to the other Input receptacle The combined 
signals of the responsor, ASR-2 trigger. and ASR-2 video at the plates of tubes V-5 and V-6 
were connected to the tranamlsslon lme which normally conveys ASR-2 ndeo and trigger 
loformation to the line-compensatmg ampllfler in the equrpment assembly rack near the remote- 
mdxator console Mixmg of the slgnals m this manner elmunated the need for another video 
transmission kne between the zndxator and the transmitter-receiver rooms and elunmated the 
need for addltlonal lme-compensatmg components 

The second lndlcator was located an the ASR-2 transmitter-receiver room and was con- 
nected to the receptacles marked VIDEO OUTPUT and TRIGGER OUTPUT It was not necessary 
to delay the ASR-2 video and tngger mformatmn since the total delay m the ASR-2 equipment 
was approximately equal to the total delay In the transponder system 

Fured S-Band Antenna Characterlstrcs 
The S-band antenna which was used to receive transponder rephes durmg lnterrogatmn by 

the PAR-l 1s shown m Fig 13 This antenna was deslgned and constructed by the Glenn L 
Martm Company under Navy Department Bureau of Ships Contract NObsr-49267 

The antenna was designed to receive vertically polarlaed szgnals m the frequency range 
of 2900 to 2950 MC and to be mounted on the roof of the PAR-1 huildmg The antenna 1s an off- 
set fed, cyllndrlcal-parabola, reflector-type radmtor Provlsmn was made -or adlustment of 
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Fig 12 Schematx Diagram of Video Mmer for ASR-2 

the aexnuth and elevatron of the reflector-and-feed-horn assembly relatzve to the support 
assembly The elevatxon adJustment posrtron 1s mdxated on an elevation scale calibrated from 
rnl""S 30” to plus 30’. and the azimuth adJustment posItIon IS lndxcated on an aemnzth scale 
calibrated from m,nus 40’ to plus 40” The feed horn was designed for 52-ohm coaxial input 
terminated m a Type N receptacle The characterlstlcs of the antenna as published by the 
contractor in the final engmeermg report are 

Verkcal-plane. half-power beamwidth 

Honeontal-plane. half-power beamwxdth 

Relative side- to man-lobe power I” 
vertical plane 

Relative s,de- to man-lobe power ,n 
horizontal plane 

Voltage standmg-wave rat,” 

Gam relative to ,sotrop,c radrator 

Total weight 

11’ at 2925 MC 

29 5’ at 2925 MC 

-21 db ma,umum 

-26 5 db maxm,urn 

129 at2925 MC 

t20 0 db 

94 pounds 
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Fig 13 Fixed S-Band and L-Band Antennas Used at PAR-l Site 

Flxed L-Band Antenna Characteristics 
The L-band antenna which was used to receive transponder replies durmg mterrogatmn 

by the PAR-1 1s shown 1x1 Fig 13 This antenna also was desIgned and constructed by the 
Glenn L Mart,,, Company under Navy Department Bureau of Ships Contract No NObsr-49267 

The antenna was deslgned to rece,ve vertxally polarized signals I,, the frequency range 
of 1365 to 1450 MC The antenna 1s an off-set fed, parabolic-reflectos-type rad1at.x Prov~smn 
was made for ad,ustment of the elevatmn and aemnuth posrtmns of the reflector-and-feed-horn 
assembly with respect to the mountmg assembly The orlentatmn may be vaned 360’ ,n azmnuth 

Fig 14 Photograph of ASR-2 Antenna 



Fig 15 Hor~eontal Pattern of ASR-2 Antenna Frequency 2900 MC 

and at least ~40. ,n elevatmn, The azm,uth posltmn scale 1s calibrated from m,nus 40’ to plus 
40’, and the elevatmn scale IS calibrated from minus 30’ to plus 30’ The feed horn was 
deslgned for 52-ohm coaxial Input and 1s termmated an a Type RN receptacle Characterlstws 
of the antenna as publxshed by the contractor m the fmal engmeermg report are 

Vertical-plane. half-power beamwrdth 12’ 

Horizontal-plane. half-power beamwldth 22 5’ 

Relative side- to n-awn-lobe power na 
vert1ca1 plane Less than 26 db 

Relative side- to mam-lobe power m 
honsontal plane -21 5 db maximum 

Voltage standmg-wave ratm 11 

Gam relative to lsotropxc radiator +2, 6 db 

Total weight 115 pounds 
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Fig 16 2900 MC 

ASR-2 Antenna Charactenshcs 
Figure 14 1s a mew of the ASR-2 antenna. which IS vertxcally polarmed Ma~or mechamcal 

and electrIca characterlrtlcs &ted by the manufacturer, General Electrrc Company, are 

Horizontal-plane, half-power beamwldtb 2 3’ 

Vertical-plane. half-power beamwldth Appronmately 4 0’ 

Vertical-plane pattern Follows cosecant-squared 
pattern at 10,000-foot con- 
tour mto an angle 30” above 
the hormontal plane 

Relative side- to man-lobe power xn 
horxzontal plane -27 db maxnnum 

Gam relative to sotropw radrator t32 db 

Reflector dmnensxons 10 feet wide by 12 feet high 

Reflector tilt AdJustable from 0’ to +5’ 

Antenna rotatmn rate 25 rpm 

Figures 15 and 16 show the hormontal and vertical patterns of the antenna 



Fig 17 Installatm” of Rho/Theta Transponder X-Band Antenna on Nose of DC-3 ry,. AIrcraft 

PAR-l Antenna Characterlstlcs 
MZ.JO* characterlstxcs of the PAR-I antennas according to data furmshed by the manu- 

fact..rer, Gllflllan Bras , Inc , are 

1 Elevatm” Antenna 

Palarlzatm” 
Half-power vertical beamwIdth 
Half-power horzzontal beamwIdth 
Cam relative to xsotropzc radiator 
WaveguIde, array, and sand-load loss 

2 Aernuth Antenna 

verttca, 
0 6” 
3 a- 
40 db 
2 8 db 

Polarlzatlo” 
Half-power horroantal beamwxdth 
Half-power vertxal beamwIdth 
Gam relative to zsotroplc radiator 
WaveguIde, array,a”d sand-load loss 

Hor>eo”ttal 
0 9” a 
:Pdb 
2 7 db 

TECHNICAL EVALUATION AND RESULTS 

Evaluatlo” of L-Band Reply Transponder 
It was not posszble to make extensive tests of the system when axport-surveillance radar 

ASR-2 1s used for lnterrogatlon purposes, because the modlfzcatlon components required to add 
the L-band feed to the ASR-2 antenna were not available The L-band feed 1s reqmred for 
receptlo” of the replies from L-band transponders when the ASR-2 IS used for ,“terrogatm” 

Tests were made using the preclsmn-approach radar, PAR-l, for Interragatm” and a 
flxed L-band antenna mstalled at the PAR-l transmitter-receiver buldmg to receive the trans- 
ponder rephes Figure 17 shows the aIrcraft lnstallatmn of the transponder X-band antenna, 
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Fig 18 Installatmn of Rho/Theta Transponder S-Band and L-Band Antennas on Underside of 
DC-3 Type AIrcraft 

and Fig 18 shows the ax-craft ,nstallat,on of the S-band and L-band antennas The 1 l/2-mch 
wooden block between the L-band antenna and the fuselage was removed when the test program 
was started 

Several flights were made to determme mterrogatmn and response characterstlcs 
Throughout thzs report. the transponder automatic sensrtw$r-control switch was 1n the ON 
posltmn unless otherwIse stated The urcraft was flown along the Instrument-land,ng-system 
(ILS) approach path startmg at a range of ten nautical miles Durmg the first feu flights ,t was 
found that transponder ASC was requred to prevent mterrogatmn by the PAR-I antenna s,de 
lobes The posltmn of the L-band antenna, whxch 1s used to rece,ve the transponder rephes, 
1s f,xed The hor,eonra, and vertical beamwIdths are such that the antenna accepts transponder 
replies from arcraft at any pant 1” space which 1s scanned by the PAR-l antennas Therefore, 
angular resolutmn 1s determmed entirely by characterlstlcs of the mterrogatvan path, these 
characterxstlcs mcludmg the pattern of the PAR-I antennas and transponder mterrogatmn 
sensltlvlty Display of transponder rephes to side lobes when ASC was not used caused ser,ous 
clutter on the PAR-l mdxator At txnes, It was lmposslble to determme the azxnuth or 
elevatmn pasltmns of the arcraft Dunng one approach with the transponder ASC cucults 
moperatlve, mterrogatmn by one of the eleuatmn-antenna s,de lobes started at seven miles 
Interrogatmn by other side lobes started as the approach was continued When the arcraft was 
two mdes from the PAR-I, approxxnately 1 5 m&s from touchdown, mterrogatmn by side 
lobes of both the azimuth and elevation antennas was such that the target apprared as a sol,d 
line across the azrnuth and ele\ation dxplays It was not possible to derermme the azrnuth or 
elevatmn posIttons of the aIrcraft, ?mce the intensity of the side-lobe responses was equal to 
that of the main lobes Flgares 19 and 20 are photographs of the PAR-1 ten-m,le indxcator and 
show the effect of side-lobe responses at ranges of approxunaiely three miles and one mile 
Correction for transponder delay was rntentmnally om,tted 50 that charartenstxs of PAR-1 
targets and transponder repl,es could be observed snm&x,eously 

Figures 21 and 22 are photographs of the PAR-I ten-mile mdlcator and show targets at 
ranges of approxxnately mne and five nautical miles Figure 23 1s a photograph of the PAR-l 
three-mile mdlcator showng the appearance of the targets at 0 75 mile It should be noted 
that angular resolutmn of tht transponder repl>es 15 generally equal LO, or sl,ehtly better than, 
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Fig 19 Photograph of PAR-l IO-Mile Indicator Showmg Side-Lobe Responses at 3 Mxles 
(ASC Off) 

the PAR-I resolutmn Range resolutwn 15 nnpalred because the wrdth of the pulses from the 
transponder 1s approximately 1 mxrosecand, while the pulses transmItted by the PAR have a 
width of approxmately 0 6 microsecond 

Durmg mltlal tests when the ASC was operative, there was no mterrogatmn by azimuth- 
antenna side lobes Interrogatmn by one elevatmn-antenna side lobe started at three m&s 
The transponder was mterrogated by two side lobes at the range of approximately 1 l/2 miles 
and by three side lobes at one mile 

Following the xntlal tests, the PAR-l antennas were lubricated, the toggle pomts for the 
movable sectmn of the uavegude in the elevatmn antenna were adJusted for plane-of-canstant- 
phase condltmns, and the patterns of both antennas were checked No adJUStme”t of the ammuth- 
antenna toggle pants was requred The level of the strongest aelmuth-antenna sxde lobe was 
20 db less than the man lobe, and the strongest elevation-antenna side lobe was approximately 
18 db weaker than the man lobe 

It was found that the dynamx range of the transponder used dunng the mltlal tests was 
5 db greater than normal when the mput signal level was 1 mllllwatt In this report, dynamic 
range 1s consldered to be rhe ratlo. expressed in decibels, of the level of the weakest slgnal 
that can Interrogate the transponder to the level of the strongest signal received Replacement 
of V-202 amphfxer tube Type 12AT7, used in the third- and fourth-video ampllfler stages, 
mcreased wdeo-amplifter gun and restored normal dynamrc range The vldea-ampllher bias 
level developed by the ASC c~rcurts depends upon the level of the strongest sIgnal received The 
dynamic range must be large enough to permit lnterrogatmn by both PAR-1 antennas even though 
the signal levels from the antennas arc not equal, and at the same txme the range must be 
snfflclently small so that side lobes of neither antenna w11~ cause mterrogatmn These re- 
quxrements must be met at all signal levels uhlch are received by the aIrcraft at ranges between 
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Fig 20 Photograph of PAR-l lo-Mile lndlcator Showulng Side-Lobe Responses at 1 Mile 
(ASC Off) 

ten miles and the touchdown pomt an the runway Comparative sIgnal-level measurements 
mdlcate that signals from the azimuth antenna are approximately 3 0 db stronger than those 
recexved from the elevatmn antenna 

Flight tests were made to check effects of PAR-l elevatmn-antenna adJustments and of 
changxng the video-ampllfler tube m the transponder These tests showed that the range at 
whach side-lobe mterrogatlons started was reduced from 3 to 1 l/2 miles The bias level 
establIshed by the ASC cxcuts var,ed from 3 5 volts d-c for no-sIgna condltmns to 6 0 volts 
d-c when the arcraft was near the touchdown pamt Two other transponders were flight-tested, 
and It was found that responses to elevatmn-antenna side lobes occurred at ranges less than 
6 mdes 

Investigatmn of the transponders to determIne the reasons for side-lobe mterrogatmns 
showed that the dynamx range was 20 db or more when the largest signal was 1 mllllwatt The 
signal level at the touchdown end of the runway was approximately 1 mllllwatt The manufac- 
turer’s data mdlcate that the largest signal levels used dunng type tests were -5 0 dbm It was 
found that the dynamic range was effectively Increased by amplitude compressmn m the wdeo 
amplrbers Amplitude compressmn prevented signals from the mam lobe of the antenna from 
buldmg up ASC bias levels sufflclently to prevent lnterrogatmn by sxde lobes 

Llmltmg m the second stage of the X-band preamphfIer was more serious than that which 
occurred m the receiver-transmitter unit With the co-operatmn of Westmghause engmeers, 
one preampllher was modlhed to have only one stage of video ampllfrcatmn and a cathode- 
follower stage The sensltlvlty loss due to the modl:lcatmn was 2 0 db, and the maxImum dynamx 
range was reduced to approximately 10 db The smgle-stage preamplxfler was mstalled 1” TDEC 
arcraft N-183 Sat,sfactory mterrogatmn by both PAR-l antennas wrthout side-lobe mterrc- 
gatlon was obtamed durmg three test flqhts and eight approaches whxh were made for 
demonstratmn purposes 
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Fig 21 Photograph of PAR-l lo-Mile Indicator Showmg Radar and Transponder Targets 
at 9 Miles (AX On) 

Reasonably satxfactory operatmn was obtamed from the lnstallatmn in alrcraft N-181 
durmg e,ght approaches An unmod,fwd preamphfler was used in tbls ancraft, and there was 
no side-lobe mterragatmn Interragatmn by the elevatmn antenna was not reliable for a few 
sweeps when the arcraft range was none and ten miles from the PAR-1 Invest,gatmn showed 
that the 12AT7 vacuum tube used ID the f,rst and second stages of the preampllfler generated 
eYcess1”e rLo1se of an uregular nature The effect of the noise was to reduce mterrogatmn 
sensltwty, since the sqwtter control was adJusted durmg flight to hmlt trlggermg by r.o~se to 
a rate of approxnately two trqgers per second 

A new tube was mstalled ID the preampllfler, and flight tests were made usmg the 
transmitter-receiver unrt which operated satlsfactanly with the smgle-stage preampllfmr 
Installed u, arrcraft N-183 Interrogatmn by the main lobes of both PAR-l antennas was 
satisfactory durmg approaches startmg from a ma~lmum range of 10 naut,cal m&s There 
was no mterrogatmn by the az,muth-antenna s,de lobes Interrogatux, by elevatmn-antenna 
side lobes did not start until the arcraft was 1 75 m&s from the PAR-l dunng one approach 
and 1 6 m&s from the PAR-I on a second approach 

Flights were made to determme the effect of ancraft attitude upon mterrogatmn The 
single-stage preamphher was used durmg these fhghts The arcraft was flown over a pant 
nine m&s from the PAR-l an the extended centerlme of the runway The transponder rephes 
were observed on the PAR-1 ten-mile mdxator. and transponder-tnggermg multlvlbrator 
a&on was recorded on a magnetxc-tape recorder ln the ancraft Table III summarizes the 
mformatlon obtamed for various a,rcraft headmgs 

The mformat,on >n Table III lndlcates that the charactenstlcs of the X-band antenna are 
such that satisfactory mterrogatmn 1s obtarned when the arcraft headmg varies ~60” w,th 
respect to the extended centerline of the ,nstrument runway This vartatmn 1s much greater 
than the crab angles wh,ch are used durmg approaches Antenna-pattern curves supplIed by 
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TABLE III 

EFFECT OF AIRCRAFT HEADING UPON INTERROGATION BY PAR-l 

AIrcraft Headmg 
Relative to Runway 

(degrees) 

0 
(toward PAR-l) 

-15 

t15 

-30 

+30 

-45 

t45 

-60 

+60 

-75 

t75 

-90 

t90 

Observatrons 
of PAR-l 
Indlcatm 

Satmfactory Targets 

Satisfactory Targets 

Satisfactory Targets 

Satzsfactory Targets 

Satisfactory Targets 

Satisfactory Targets 

Satisfactory Targets 

Satisfactory Targets 

Satlsfactary Targets 

Satufactory Targets 

Satisfactory Target 
on Elevatmn Display 

None on Aem-iuth Display 

Satisfactory Targets 

Satisfactory Target 
on Elevatmn Ensplay 

None on Ammuth Dmplay 

Inform&on From 
Tape 

Recardmg 

R&able Interrogatmns 

R&able Interragatmns 

Relrable Interr~gatmns 

Relmble Intterrogatmns 

Relmble Interrogatmns 

R&able Interrogatmns 

Rehable Interrogatmns 

Relmble Interrogatrons 

R&able Interrogatrons 
l 

Relmble Interrogatmns 

Interrogatmn by 
Elevatmn Antenna 

Only 

Satisfactory 
Interrogations 

Interragatmn by 
Elevatmn Antenna 

Only 

the contractor mdxate that the hornontal half-power beamwldth 1s 90’ for hormontal polar,- 
eatmn and 100’ for vert,cal polarmatmn at the frequency of 9090 Mc For 120’ beamwldth, the 
response IS 9 0 db dcwn for hornontal polarlzatmn 

In order to check the effects of bankmg, the aircraft was rolled *15” and 30’ over the pant 
at the same headmg as the mstrument runway and at headmgs l 30’ wzth respect to the runway 
No adverse effects upon transponder mterrogatmn or upon the replxs observed on the PAR-l 
mdxatar were noted 

Ta test for the effects of aIrcraft pitch. the amcraft was flown over the pomt in both 
clmbmg and descendmg attitudes at angles of approxmately 8 0’ wrth respect to the horizon 
No adverse effect upon transponder replies or upon mterrogatmn were noted Adverse effects 
upon lnterrogatmn were nat anttlclpated because antenna patterns supplxd by the cantractor 
mdlcate vertical half-power beamwIdths of 48” for vertxal polarmatmn and 55’ for hormontal 
polarlsatmn at the frequency of 9090 Mc 

The display of side-lobe replies only cm ather the elevatmn or ammuth dmplay could 
cause confusmn regardmg arcraft posltmn The PAR-l azm-ath antenna can be servoed (or 
posltmned) so that the vertical pos,tmn of the mam lobe can be vaned fram -1” to t6’ wulth 
respect to the hormon The elevatmn antenna can be servoed so that the honeontal posltmn of 
the man lobe can be vaned from t5” to -15’ with respect to the bearmg of the runway The 
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Fig 22 Photograph of PAR-l 10-M& Indlcatar Showmg Radar and Transponder Targets 
at 5 Miles (AX On) 

azunuth antenna scans horlsantally between the angles of +5’ and -15”. and the elevatmn antenna 
scans vertically between the angles of -1’ and +6” If the arcraft posltmn 1s shghtly above or 
to one stde of the sector of space scanned by the main lobes, It 1s possible that the transponder 
~111 be mterrogated only by the side lobes of one or of bcth PAR-I antennas Sqqnals from the 
man lobes of the antennas unll not establzsh AX bias voltage to prevent sxde-lcbe mterro- 
gatron, because the arcraft 1s outslde of the sector of space scanned by the mam lobes The 
angular posltlon of stde-lobe replles dIsplayed on the PAR-l mdlcators 1s the same as the 
posltmn of the mam lobe at that particular mstant Inasmuch as there LS angular dlaplacement 
between the main and side lobes of the PAR-I antenna, the angular posltmn of the drsplayed 
targets 1s Incorrect 

Flights were made to determme the posslbllxty that the transponder wuould reply to PAR-l 
antenna sxde lobes only and to determme that such replies wvould be dIsplayed on the PAR-I 
mdzcators The PAR-l antennas were servoed along the ILS flvght path The urcraft was 
flown along the localleer on-course path at constant altztudes af 500. 1000, 2000, 4000. and 
6000 feet Durmg the passes at altitudes of 500 and 1000 feet, transponder replies to side lobes 
were not vlslble on the mdlcators and normal operatmn was obtaned when the arcraft flew 
through the mam lobes of the antennas, Durmg the pass at 2000 feet. the transponder replied 
to an aewnuth-antenna side lobe above the mam labe at ranges between 2 miles and 3/4 mile 
The replIes did not cause confusmn because the angular posltmn on the azmnuth drsplay was 
correct When the alrcraft was at 4000 feet, replies to azxnuth-antenna side lobes were 
dIsplayed mtermlttently at ranges between 4 and 2 m&es These replms also were dlsplayed 
correctly Durmg the pass at 4000 feet, elevatmn-antenna side-lobe responses were also dls- 
played at the range of 3 m&s The rephes appeared approxxmately l/2 Inch below and to the 
right of the top edge of the elevatmn display and moved upwards and ta the observer’s left as 
the arcraft approached the PAR-l These leplxes were not dlsplayed at the correct posltms 



Fig 23 Photograph of PAR-1 3-Mile Indicator Showmg Radar and Transponder Targets 
at 0 75 Mile (ASC On) 

No side-lobe respanses were dlsplayed durmg the pass at the altrtude of 6000 feet The false 
targets on the elevatmn display durmg the pass at 4000 feet are not consldered to be sermus 
from an operatmnal standpomt 

After the passes were completed, the alrcraft was flown at constant altxtudes of 500, 
1000, 2000, 4000, and 6000 feet, at right angles to the ILS approach path, and at a range of 8 
miles An X-band antenna-and-preampllf~~r assembly was held at a wmdow m the alrcraft and 
was dlrected at the PAR-l to simulate arcraft startmg approaches at varmus aelmuths and 
altztudes Distances flown along the normal path were sufflclent to allow mterrogatmn by 
azxnuth-antenna side lobes which scan space outsIde of the sector scanned by the mam lobe 
No false targets were observed The fhghts perpendicular to the runway centerlme were 
repeated at altxtudes of 500. 1000, and 1800 feet at the range of four mstead of eight mzles, and 
no false targets or display of side-lobe lnterragatmns were observed 

Tests were made to determme mterrogatmn range The alrcraft was flown toward the 
PAR-I along the ILS flight path A few mterrogatmns by one antenna were cbtamed at 67 and 
agam at 63 statute m&s Interrcgatmns were monItored by an observer m the axcraft usmg 
headphones whmh were plugged mta the mterrogatmn momtarmg jack m the receiver- 
transmrtter umt At approxmnately 50 m&s, both PAR-l antennas partially mterrcgated the 
transponder, and dlstmct second-tune-around responses were observed 0x1 the PAR-l 
Indlcatcrs at 3 m&s The responsor STC was not used durmg this test Use of STC should 
have prevented the dxsplay of second-tune-around targets at this range. Relmble mterragatmn 
by both antennas was obtalned for ranges less than 40 m&s 

Measurements mdxate that the gam of the X-band antenna 1s appraxmmtely b db compared 
to that of an lsotropx radiator Measurements af the PAR-I transrmtter mdxated a peak 
power output of t42 dbw (t72 dbm) at a frequency of 9040 MC The ga,n of the elevatmn 
antenna. corrected for system losses, IS 37 2 db The over-all gam of the mterrogatmn lmk 1s 
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Fig 24 STC Charactenstlcs of Responsors Used at PAR-1 Site 

43 2 db The one-way space loss or path attenuatmn expressed II, decibels 1s equal to 37 + 20 
log f + 20 log d, where f 1s the frequency II, megacycles and d represents d,stance expressed I,, 
statute miles Substitutmn of 9040 Mc and 40 miles in tins formula results I,, path attenuatmn 
of 148 2 db Addltmn of transrmtter power, system gam, and path attenuatron results n, a 
signal level of -33 dbm at the X-band preamplrfier detector Calculated signal levels are -35 
dbm at 50 nules and -37 5 dbm at 67 m&s 

Smce the maxrnum lnterrogatmn range was less than that calculated on the basu that 
mterrogatmn sensltwlty durmg flight should be approumately -40 dbm, the X-band preamplrfier 
and the receiver-transmntter unit were removed from the alrcraft for bench tests The 
measured mterrogatmn sensltw~ty was -37 dbm The n-istallatmn of a new IN31 crystal m the 
preamplifier mcreased the sensltlv+ to -44 dbm The calculated range based upon an m- 
terrogatmn sensltI”lty of -44 dbm 1s approxmately 143 miles. If It 1s assumed that there are 

Fxg 25 Levels of L-Band Reply Signals From AIrcraft Flown Along IL.9 Flight Path 
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Fzg 26 Levels of L-Band Reply Slgnals From Alrcraft Flown at Constant Altitude of 2000 Feet 
Above Ground 

lme-of-sxght and free-space prcpagatmn condltmns and that there IS no determratmn of sens,- 
tmty by r-i no,se m the arcraft Also, under these condltmns the mterrogatmn range ,.,ll, be 
reduced to 10 statute miles zf mterrogatmn sensltwty, PAR-l transnutter power, propagatmn 
condltmns. or other factors affectmg the mterrogatmn lrnk degrade mterrogatmn characterlstxs 
by 23 0 db 

The maxunurn range of the response lmk (the axcraft transponder to the L-band re- 
sponsor at the PAR-l transmitter-rece,ver bmldmg) durmg flight away from the PAR-I was 
148 statute m&s at an altitude of 10.000 feet above ground Tlus range approxm,ates Ime-of- 
s,ght dzstance The signal received by the responsar faded very rapldly beyond 146 mzles 
Durmg mbound flrght, the signal was first detected at 134 m&s and was usable when the air- 
craft was 131 m,les from the responsor antenna The d.fference m maximum ranges for the 
outbound and Inbound flrghts 1s attributed to the horleontal pattern of the L-band antenna as 
mstalled on the arcraft The locatmn of this antenna 1s shown III Fig. 18 Durmg the tests, 
the transponder was trIggered at the rate of 2000 pps by an audm-sIgna generator UI the 
arcraft The output of the L-band responsor was observed on an cscllloscope havmg mternally 
synchronleed sweeps 

The peak power output of the transponder after completmn of the response-path range 
tests was 450 watts or 26 5 dbw The gam of the responsor antenna was 21 6 db. and sensltrvrty 
measurements of the reaponsor mdxated that the muumum discermble slgnal strength was 
-85 dbm Loss I,, the transmlssmn lane between the antenna and the responsor was estunated 
at 2 0 db, and loss xn the transmusmn lane >n the aarcraft was estnnated to be 3 0 db Display 
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Fig 27 Levels of L-Band Reply Signals From Alrcraft Flown at Constant ALt.tude of 1000 Feet 
Above Ground 

losses of the PAR-l, calculated on the basis outlmed by B&y’ e are 7 5 db for the elevatm” 
display and .3 5 db for the azimuth display If rt 1s assumed that the gam of the L-band antenna 
on the axcraft 1s 4 0 db, the maximum range for dlscermble signal on the PAR-l mdlcatar IE 
55i m&s far the elevation display and 491 miles for the azimuth display A loss of approxl- 
mately 34 db II, the response path would reduce the range to 10 mrles Such a loss could be 
caused by a reductmn ,n transmltted power. the determratmn of propagatmn condltmns due to 
preclpltatmn, the presence of deep mterference-pattern mxnlma I” the responsor-antenna 
vertzcal pattern, adverse alrcraft attitudes, the determratmn of respcnsor sensltivxty, and 
othel factors 

From measured and calculated mterragatmn- and response-path ranges, It IS evident 
that both paths have gams sufflclent to allow satisfactory operatm” even though considerable 
loss 1s rntraduced It 1s also known that the display of second-time-around responses can be 
abtamed durmg fhght 

The mterrogntm” lxnk llmlts the max~murr range of the system to 143 statute miles based 
on a peak power of 42 dbw for the TDEC PAR-l transmitter The peak power of other PAR-I 
transmitters may be somewhat greater. possibly 44 5 dbw An increase I” power from 42 +,, 
44 5 dbw would increase the max~mu”, range to 191 males Inasmuch as the maximum range of 

'iI H Ra&y, “Range Reqmrements,” Set 2 6 of “Radar Beacons.” edlted by Arthur 
Roberts. Radlatm” Laboratory Serlrs, Vol 3, 1947 
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Fig 28 Levels of L-Band Reply Signals From AIrcraft Flown Along ILS Flight Path 

the PAR-l mdxator 1s 10 m&s, transponder replies from aIrcraft between 10 and 46 5 m&s 
from the PAR-l w,ll not be dIsplayed because of mdxator dead time If a pulse repet&on 
frequency of 2000 pps 1s assumed Rcplles from urcraft at ranges between 46 5 to 56 5 moles, 
93 to 103 moles. 139 5 to 149 5 m&s, and 186 to 196 m&s could be dlsplayed as second-, 
third-. fourth-, and fifth-time-around replies. respectively Interrogatmn and display of 
rephes from aIrcraft at all these ranges 1s not probable. because the arcraft altxtude must be 
sufflc,ent for lme-of-sight propagatmn condltmns, max~muxn transponder-lnterrogat~on sense- 
tlvlty condltmns must ealst, a maxlmurn usable responsor gal,, 1s reqmred with the STC 
clrcuts moperatlve, and the arcraft must be flown m the general drrectmn of the PAR-l The 
use of the responsar STC and manual gam controls reduces the posslblhty of display of n- 
times-around responses, particularly at mdxator ranges between 0 and approximately 4 miles, 
because responsor gam should be controlled to prevent overloadmg and excessl”e pulse- 
stretchmg when arcraft are close to the PAR-l The responsor gam should be stif,clent to 
allow the dxplay of transponder replxs which are weaker than normally expected and to allow 
for “anatmns m transponder transmitter power, m arcraft attztude, and m propagatmn con- 
dltmns If an allowance of 13 db 1s made for such “armtmns under actual operatmg condrtmns, 
then the maximum response range under normal condltmns 1s mcreased from 10 to 45 m&s 
and n-times-around rephes will not be “lslble It 1s beheved that the duplay of the undesired 
responses could be prevented most of the time in actual operatmn AAso. from an operatmnal 
standpomt ,t 1s not probable that such responses would be dIsplayed, because the transponder 
would be used m can]unctmn with ASR mstead of with PAR equpment when the arcraft 1s more 
than 10 m&a from the PAR 

Fqure 24 1s the STC cur”= whxh was used durmg the tests Data used zn settmg up the 
STC curve were obtamed from contmuous recordmgs of signal levels recezved from an alrcraft 
makmg an ILS approach The aIrborne transponder was tuggered by an audm oscillator A 
peak-readmg, a-c, vacuum-tube voltmeter (RCA Model WV-97A &mar Voltohmyst) was connected 
to the responsar second detector, and the d-c voltage developed across the meter and the 
vacuum-tube voltmeter (VTVM) was ampllfled by a Mxrosen d-c amplifier and was then 
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29 Effect of AIrcraft Headmg and Bank Upon Level of Transponder Rephes Received 
Respansor 
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Fig 30 Var,at,on of Transponder ReplpS~gnal Levels With AIrcraft Headmg 

spplxd to an Esterlme-Angus recorder The trace on the recordmg was calibrated by means 
of an L-band s,gnal generator connected to the rcsy,onsor r-f mput clrcmt The r-f uqmt level 
to the responsor was vaned ,n steps of 1 or 2 dbm, and the resultmg recorder deflectmns were 
>dent&ed It was necessary to connect a 10.000-ohm resistor ,n parallel w,th resIstor R-240 
I., the responsar to obtan the drslred curve shape at rhe smaller ranges 

Durmg uut,al tests ,t mas noted that the transponder replies faded apprecmbly at the 
range of 1 5 m&s Figure 25 shows a mlnunurn In responsor mput-s,gnal level at 1 5 miles 
due to ,nterference between s,gnals of direct radmtmn and sqnals wblch are reflected from the 
ground The he,ght of the responsar antenna was 10 feet 10 inches above ground. and the feed- 
horn and reflector assembly was tllted upward so that the lower half-power pomt of the main 
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lobe was dIrected along the horizon Figure 25 was plotted from data “btamed by the method 
used to obtam the STC data The free-space curve was calculated on the basis that the trans- 
ponder power 1s t24 dbw, the responsor-antenna gaxn 1s 21 6 db, the amcraft-antenna gam 1s 
4 0 db, the combmed ground-and-amborne transmlsslon-lme losses are 5 0 db. and there 1s a 
1 0-db loss of responsor-antenna gam due to vertical dmectmty of the antenna The ILS ghde- 
slope vertical angle was 2 75” and was 3 25” below the nose of the man, lobe Approxmate 
theoretical locations of mterference-pattern maxrna and m~rnma are mdlcated at 0 83 and 1 5 
rmles Approvmate posItIons of the mterference-pattern maxuna and m~nnma were calculated 
from the formula 

Where 

B = vertical angle of the lobe maxrna, m radmns when n 1s an Integral odd number 

B = the angle of the lobe m~nnna when n 1s an even number 

X = wavelength 

h = antenna height 

This formula 1s accurate for small angles only It was assumed that the phase shift durmg re- 
flectlon of the waves 15 180” Durmg all fhght tests It was noted that signal levels recorded 
dunng outbound fl,ghts were greater than those recorded durmg mbound flqhts Also, varla- 
tlons of szgnal levels were less durmg outbound fhghts Data “btamed when arcraft N-183 was 
used were s,m&r to those obtaIned dunng N-181 flight tests 

Figures 26 and 27 show responsor Input-sIgna levels obtaIned when the amcraft was 
flown at constant altitudes of 2000 and 1000 feet above ground along the ILS locallzer “n-course 
path Otherwise, test condltlons were the same as for Fq 25 

In order to pre-,ent fadmg of the transponder replms when the arcraft was 1 5 m&s 
from the responsor antenna, the antenna height was reduced from 10 feet 10 Inches to 5 feet 
above ground The change of height prevented formation of mterference-pattern rn~~~nma at any 
pomts along the ILS ghde slope having a range greater than the IL.5 touchdown pomt Signal 
levels recorded durmg a flight along the IL.5 flight path are shown in F,g 28 The only mlnlmum 
along the path occurs at the range of 0 5 m&, which ,s near the touchdown pc.vt Transponder 
repl,es observed on the PAR-1 mdxcators were satisfactory at all ranges when the responsor 
STC curve shown in Fig 24 was used 

Tests were made to determine the effect of arcraft-attitude vanatxons upon the level of 
transponder replies at the responsor mput receptacle The transponder was tnggered by an 
aud,“-sIgna generator, and the level of the sqnals was recorded by means of the peak-readmg, 
vacuum-tube voltmeter, the Mxrosen d-c amphfier, and the Esterlme-Angus recorder used 
premously The aircraft was flown over a pomt ten miles from an “mmd~rect,onal responsor 
antenna The antenna height was ten feet above ground, and the maxunum of the first lobe was 
centered at ten miles at 1000 feet The alrcraft was flown at an altitude of 1000 feet Figure 29 
Indicates var,atl”ns that occurred I” the signal levels when the aIrcraft was flown I” circles 
around the pomt at 15’ and 30’ bank angles The hnes ,nd,cate average svgnal levels. and the 
plus and minus numbers ,ndxate random varmtlons from average levels as the headmg vaned 
from 0” to 330’, 330” to 300”. and 5” forth Average signal levels varwd approxmately +6 db 
Maxnnum random varlatmn from average levels were +4 5 and -4 25 db for 15” bank and -6 0 
and +4 5 db for 30’ bank This data may or may not be typxe.1 of signal vanatlons that would 
be encountered ln day-to-day “peratlon However, such vanatlons are possible, and should be 
consldelcd 

Var,at,“ns >n signal level at the responsor-mput receptacle which are due to headlog 
uarlatlons alone are shown rn Fig 30 The amcraft was flown over the point as previously 
desrrlbed and ,n straxght-and-level flight at headmgs of 0”. 30”. 60”. and so forth Slgnal-level 
varmtions due to vanatlons of arcraft headmg were approxmately +3 0 db The strongest 
signals were “btalned when the arcraft was flymg away from or at right angles to the responsor 
antenna The weakest signals were recorded when the arcraft was headed towards the 
responsor antenna Table IV shows the effect of arcraft pitch upon the level of the transponder 
rephes at the responsor 
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TABLE 1” 

EFFECT OF AIRCRAFT PITCH UPON RESPONSOR-INPUT SIGNAL 

AIrcraft Headxng 

Inbound 

Outbound 

&sponsor-Input SIgnal-Level 
Ya*lat,“” 

For 8” Clnnb For 8” Descent 
(db) (db) 

0 Reference -6 5 

-0 7 +2 5 

Evaluatm” of S-Band Reply Transponder 1” Co”Jn”ctm” With PAR-I 
Tests were made using the PAR-l for mterrogatlo” and a fmed S-band antenna Installed at 

the PAR-I transmitter-recezver bulldlng to receive the transponder replies Figures 17 and I8 
show the ,“stallatlo” of the transponder X-band and S-band antennas on a” ancraft S-band 
reply transponders are referred to as Mod II transponders, because they were obtazned under 
the second modxfxatlo” of the contract 

Several flights were made to determine mterrogatm” and response characterlstlcs 
Throughout the followmg dlscuss,ons It should be assumed that the transponder switch was I” 
the ON posItto” unless It IS stated that the ASC cmcmts were lnoperatlve No lnterrogatlo” by 
PAR-l antenna side lobes was observed dunng approaches along the ILS flight path In S-band 
reply transponders, or Mod II transponders, mproved co”tro1 of side-lobe mterrogatlon IS 
obtaxned by applratlo” of ASC bms voltage developed I” the receiver-transmitter umt to the 
video-amphfier stage m the X-band preamphher The bms voltage reduces the posslblllty that 
amplitudes of signals ~111 be compressed when the arcraft IS “ear the PAR-I The appearance 
of Mod II transponder rephes a” the PAR-I lndxator 1s snnllar to that of L-band transponder 
replies show” I” Figs 19 to 23, mcluslve 

Fq 32 Levels of S-Band Reply Signals Fro”, AIrcraft Flow” at Constant Altitude of 1000 Feet 
Above Ground 



F,g 33 L r, c ; 37-,>- h / l,r Signals From AIrcraft Flown at Constant Altitude of 5000 Feet 
“t&7 I% c I a1.nrl 

X-band mterrogatlon sensltlvlty of the Mod II transponder 1s approxmately -70 dbw and 
1s approxmately 4 0 db less than that of the L-band reply transponder Theoretically, the 
decrease m sens tzw+> dcizrases the maxunum mterrogatlon range by a factor of approximately 
1 58 For a PAR-1 transmltte- >rah pouer of f7Z dbm, a corrected PAR-1 antenna gain of 

7 ,c I> 2 ~e”,~ S,pnalj From AIrcraft Flown Along ILS Fhght Path 



Fig 35 Levels of S-Band Reply Signals From Alrcraft Flown Along ILS Flight Path 

37 2 dbm, and a transponder X-band antenna gan of 6 db, the maxrnum calculated mterrogatlon 
range 1s appro*1mate1y 90 miles Degradatmn of lnterrogatlon-Ink character&xs ot 19 0 db 
would decrease the maxmmm range to 10 staiute mtles 

The maxmnum calculated response range 1s 79 m&s, based on a measured transponder 
peak power of t55.7 dbm, a responsor-antenna gam of 18 6 db, an assumed arcraft-antenna 
gam of 2 0 db, a measured a,rcraft-transmlsslon-hne loss of 4 0 db, a responsor-to-antenna 
transmzsslon-lme loss of 4 5 db, d responsor m,nlmum-dlscernlble-signal sensltlvxty of -85 
dbm, and a dxsplay loss of S 5 db Degradation of 18 db of the response-lmk charactenstrcs 
yould decrease the maximum range to 10 statute m&s 

Figures 31 and 32 show responsor-Input signal levels which were recorded when the ax*- 
craft was flown along the ILS localmer course at a constant altitude of 1000 feet above ground 
Data for Figs 31 and 32 were obtamed when the responsor-antenna heights were 19 feet 3 
mches and 55 Inches, respectxvely The calculated free-space curves were plotted to rndxate 
antlcrpated srgnal levels on the basis that no energy 1s reflected from the ground The methods 
and eqmpment used to record sqnal levels were the same as those used to obtam L-band 
response-path data Data obtamed durmg a flight at 5000 feet are plotted m Fig 33 

Response-path sIgna levels recorded durmg ILS flight-path approaches are plotted m 
Fxgs 34 and 35 The responsor-antenna hezghts were 19 feet 3 Inches and 55 mches, respec- 
tlvely Average ~gnal-level curves lo each are approximately 10 db lower than curves plotted 
from calculations It 1s bellewed that the discrepancy m average levels 1s due prlmarlly to the 
angle of amcraft pitch Results from tests made wh&e usmg two different arrcraft were 

Table V lxts sIgna levels which were recorded as the amcraft descended and ascended 
at 8” angles over a pomt 9 8 mules from the responsor antenna As seen ,n Table V, the total 
varxatlohm sIgna level due to “armtmn m pitch may be as much as 6 5 db 

Figures 36 and 37 mdlcate “armtlons m the response-path signal level when the ancraft 
was flown in circles around a pomt at 15’- and 30”-bank angles at altitudes of ~“00 and 5000 
feet above ground The pant was 9 P mtles from the responsor antenna The llres of the graph 



Fzg 36 Effect of AIrcraft Headmg and Bank Upon Level of Transponder Rephes Received by 
Responsor 
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37 Effect of Amcraft Headlng and Bank Upon Level of Transponder Replms Received by 
Responeor 
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Fig 38 Levels of Reply Signals From Amcraft Flown at Varmus Headmgs Over a Fmed 
Point 

mdicate average s,gnal levels, and the plus and mxnus numbers u,d,cate random varlatmn from 
average levels as the headmg changed from 0” to 330’. 33O’to 300’, and so forth 

Average signal levels varxd approxrmately f8 0 db for a 15’-bank angle and fll 5 db 
for a 30”-bank angle when the arcraft altrtude was 1000 feet. When the altitude was 5000 feet. 
the average sqnal levels vaned approxmately 10 5 db for both bank angles Max~mm random 
varmtmns from average levels were +5 and -4 5 db These data may or may not be typxcal of 
signal varratlons that would be encountered I” day-to-day operatmn However, such varmtmna 
are passlble and should be cons,dered 

Varmtm?, in response-path sqnal levels due to headmg vanation alone are shown by 
Fig 3? The alrcraft was flown aver the pant xn straght-and-level flqht at headmgs of O”, 
30’. 60”. and so forth Signal-level vanatmns were f5 0 db when the amcraft altitude was 1000 
feet and *2 5 db when the altitude was 5000 feet 
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TABLE V 

EFFECT OF AIRCRAFT PITCH UPON RESPONSOR-INPUT SlGNAL 

Altitude 
Above Ground 

(feet) 

1000 

1000 

5000 

5000 

AIrcraft 
Headmg 

Inbound 

Outbound 

Inbound 

Outbound 

Respcnsor-Input Sqnal Level 
For 8’ Climb Fo- Lc ’ >-rut 

(-dbm) (-dbm) 

53 5 59 9 

63 5 56 9 

54 5 '> 

60 53 5 

The STC characterlstlcs that were used durmg the tests are shown III Fig 24 Data ?or 
S-band responsor STC control adJuStment were obtamed by the same methods used to obtam 
data for I,-band responsor STC characterlstlcs 

E\a’uatmn of S-Band Reply Transponder When Interrogated by ASR-2 
Ii was not possible to conduct extensive tests of the L-band reply transponaer 1~ ccn 

Junctmn with the ASR-2 equipment because the modzbcatmn components required to add the 
L-band feed to the ASR-2 antenna were not available The ASR-2 antenna modlflcatmn IS 
requred for receptmn of the transponder replles 

Tests were made to determme levels of ASR-2 sxgnals at the transponder mput receptacle 
fcr -~arwus aIrcraft ranges, altitudes, and aexnuths with respect to the ASR-2 The ASR-2 

Fig 40 Measured Levels of ASR-2 Signals at Transponder Input Receptacle 
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Fig 41 Calculated Levels of ASR-2 Signals at Transponder Input Receptacle 

aperatzng frequency was 2857 MC Varmtmn in levels of response-path signals at the frequency 
of 2927 Mc should be sxmlar to varlatmns of mterrcgatmn srgnals from the ASR-2 Ftgure 39 
shows curves representmg average signal levels measured when the arcraft was 1000, 2000. 
3000. 5000, and 10,000 feet above ground and at ranges from 0 to 50 m&s Signal levels were 
recorded by the use of a wide dynamic-range video ampllfler and peak-detector equipment 
(descrxbed 111 Appendx III) connected to one pen of a high-speed Brush Development Co Model 
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BL-202 direct-urltmg magnet>= osclllograph The video-amphfier Input clrcut was connected 
to the output of the transponder r-f detector whxh was connected by RG-8/U transmlssmn lrne 
to a quarter-wave stub antenna mounted on the belly of the arcraft The output of the peak 
detector was the envelope of the pulse tram received from the ASR-2 as the antenna swept by 
the arcraft The recorder deflectmn was proportmnal to the amplitude of the peak-detector 
output signals In order to calibrate the recordmgs, a sIgna generator was connected to the 
transponder and the recorder deflectmns obtamed for warmus levels of r-f Input signals were 
marked 

Figure 40 mdxcates levels of ASR-2 signals plotted from the recordmg obtamed when the 
alrcraft was 2000 feet above ground Successive ma~lmum and mmmnxn recorder deflectmns 
were plotted to mdxate maxunum varlatmns whxh occur durmg short permds of tune Signal- 
level varmtmns recorded durmg the Inbound flights were much greater than those recorded 
durmg the outbound fhghts SIgnal levels were also greater durmg the outbound flight The 
varlatmn of sIgna levels and the difference between outbound and Inbound levels shown by 
Fxg 40 are typlcal of the varlatmns and dlfferences abtaned for other altztudes However, the 
difference between the outbound and Inbound levels was less at higher altitudes Approx.mate 

Fig 44 R&o of Maxunum to Mmxnum Powers of Elevatmn Lobes for ASR Antennas Over 
Ground Surface 
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theoretical locatlons of mterference-pattern lobes were plotted to allow comparison of the 
ranges of mmnnum and maxxnum sxgnal condltmns with calculated Interference-pattern lobe 
posltlons 

The lack of a regular mterference pattern 1s attributed to the varmtmn m signal levels 
with arcraft-attitude varmtlons and to lrregularltvzs of the earth’s surface It IS believed that 
the surface of the ground from whzch the ground waves are reflected 1s not mirror-like to the 
degree required for coherent reflectton of lo-centimeter waves Interference patterns were 
detected when the responsor antenna was close to the ground For low antenna heights, 
reflectlo” occurs on the flat surface of the aIrport near the antenna 

Transponder Input-slgnal levels were calculated-for axcraft altitudes of 1000, 5000, and 
10,000 feet The condltlons upon which calculations were based and the results of the calcula- 
tlons are given m Fig 41 Ground-wave effects were not rncluded The varlatlons from smooth 
curves at smaller ranges are due to lrregularltles m the vertical pattern of the ASR-2 antenna 

Curves representmg average mterrogatlon-signal levels at the altitude of 1000 feet when 
the ASR-2 antenna tilt was changed from 3’ to 2” and 5’ are shown by Fig 42 In general, the 
average sIgna levels did not vary appreciably wxth the aeunuth The slgnal levels decrease 
very rapldly with IncreasIng range when the ASR-2 antenna IS tllted so that the nose of the beam 
IS 5’ above the hormon At the range of ten m&s, the calculated and measured one-way loss 
1s 10 db Curves shawmg calculated levels under free-space condltxons with and wlthout cor- 
rectlon for ASR-2 antenna vertical dlrectlvzty are also shown In operatmn, the tilt of some 
alrport-survexllance radars 1s as much as 4’ above the horizon This has been done to reduce 
the amplitude of radar returns from ground targets and to obtam rmproved arcraft targets at 
smaller ranges, which goals are vltally xnportant for termmal-area traffic control The 
maxxnum ranges of the radar and of the transponder are greatly reduced when higher antenna 
tilts are used and when the arcraft fly at low altxtudes 

The maxxnum x,terrogatzon range calculated on the basxs of condltrons llsted I” Table VI 
IS 468 m&s when the arcraft altitude and the ASR-2 antenna Mt are such that the alrcraft 1s 
at the nose of the antenna beam 

TABLE VI 

CONDITIONS USED AS BASIS FOR CALCULATION OF INTERROGATION R4NGE 

Transponder-mterrogatlon sensrtxvlty -45 dbm 

Transponder-antenna gam 2 db greater than 
xotroplc radiator 

Transponder r-f transrmsslon-line loss 4 0 db 

ASR-2 peak power 400 kw 

ASR-2 frequency 2855 MC 

ASR-2 antenna gam 32 db greater than 
xotroplc antenna 

ASR-2 wavegulde loss 1 5 db 

Under the same condltlons, a 17 8-db degradation of the mterrogatmn-hnk characterlstlcs 
reduces the maximum range to 60 m&s If the ASR-2 antenna tilt 1s +3” and If the alrcraft 1s 
at the antenna hormon, the loss due to antenna vertxal dlrectlvlty IS approximately 5 5 db If 
free-space propagation condltlons are assumed Under the latter condltxon, the mazamum range 
1s reduced to a~nrox~matelv 248 miles and the reserve mterroeatlon-lank cam at 60 miles 1s 
reduced to app&mxately 1’2 3 db 

Figure 43 shows responsor STC characterxtlcs which were used when the ASR-2 antenna 
tilt was 2” and 3” above the horvaon The STG clrcults were adJusted to provide a varlatlon of 
the gam required to mamtam a constant video output level mlth a varzatlon of the arcraft range 
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Fig 45 Magnitude of ReflectIon Coefflcvznt at 2800 Mc Over Ground Surface 

at an altitude of 1000 feet above ground It was not possible to obtam the desxred rate of change 
of gam for ranges less than approximately three miles From exarnmat~on of calculated and 
measured signal-level-versus-range curves for various altitudes, zt may be seen that sIgna 
levels at smaller ranges vary greatly with altztude so that It 1s xnposslble to set up the STC 
clrcults for a desired gain varlatzon for all altitudes It 1s believed that optxmum performance 
at lower arcraft altitudes 1s desxable for terminal-area traffic control If transponder ASC 
IS not used, maximum control of the drsplay of the responses to ASR-2 antenna side lobes 1s 
provided when STC czrcults are set up on the basis of signal-level varlatxons that occur at the 
lower altxtudes 

Throughout the tests at TDEC. It was noted that the Interragatlon-hnk characterlstlcs 
were generally satisfactory Operation of the transponder-trlggerlng multlvrbrator was re- 
corded on the second channel of the Brush Development Co. Model BL-202 recorder The 
reply or response link usually lnnlted mznxnurn or rnaxxnum ranges for which satxsfactory 
transponder replzes on the ASR-2 PPI were obtaxned During most of the tests, a photograph of 
the PPI was taken during each rotation of the ASR-2 antenna The camera shutter was normally 
open A tuning and relay mechanxm caused the shutter to close, the film to advance one 
frame, and the shutter to open each txne the ASR-2 antenna was pox&d in a selected dlrectzon 

Calculations lndxate that the reserve response-lmk gain 1s much less than that of the 
1nterrogatxon link The maxwnum range calculated on the baszs of the condltlons hsted in 
Table VII 1s 186 miles, If the arcraft altitude and ASR-2 antenna tilt are such that the arcraft 
IS at the nose of the beam 

Under the condltlons llsted previously. a 9 8-db degradation of response-hnk character- 
IstIcs reduces the maxznurn range to 60 miles If the antenna tilt 1s +3’ and the arcraft 1s at 
the horlzan of the antenna, the loss due to vertical antenna dlrectlvxty 1s approumately 5 5 db, 
If free-space propagation condltlons are assumed Under the latter condltlon, the rnaxxn~m 
range 1s reduced to approxxnately 99 m&s and the reserve response-link gain at 60 nules 1s 
reduced to approxwnately 4 3 db The display and the TR modxfzcatlon-kit losses reduce the 
reserve gain appreczably 

Varlatlons of response-link signal levels with the varlatlon of alrcraft headxng and 
attitude were measured during evaluation of the transponder m conJunct1on with the PAR-I The 
results of these tests are shown m Figs. 36. 37, and 38 CarrespondIng znterrogatxon-hnk 



Fig 46 Theoretical Capture Effect for Radar. Separahon of 10 Miles 

signal-level var~atmns are s,m~lar because the mterrogatmn frequency 1s within 200 Mc of the 
reply frequency 

Tests were made to determme the extent that the transponder AX cmcults prevented 
mterrogatmn by ASR-2 antenna s,de lobes Results of these tests follow 

An L-band reply transponder was used dunng these tests The transponder falled to 
reply to the ma,,, lobe durmg tbroe antenna rotatmns when the arcraft altitude was 3000 feet 
and the ASC was operative At the alt,tude of 7000 feet, as man,’ as 14 man-lobe mterro- 
gatmns were mussed when the ASC was operative The lack of mterrogatlon was due to a 
cambmatmn of the nulls of the combrmd ASR-2 and transponder antenna patterns and to 
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TABLE VII 

CONDITIONS USED AS A BASIS FOR CALCULATIONS OF RESPONSE RANGE 

Responsor mzmmurn dzscermble s,gnal -85 dbm 

TR modrflcatmn-kit loss 6 0 db 

Loss of cable connectmg modlflcatmn 
kit to respansor 1 5 db 

ASR-2 wavegude loss 1 5 db 

ASR-2 PPI dxsplay loss 10 Odb 

ASR-2 antenna gun 32 db greater than 
lsotroplc radmtor 

Transponder peak-power output t55 7 dbm 

Transponder-output frequency 2927 MC 

Transponder r-f transrmssmn-hne loss 4 0 db 

temporary capture by a powerful slow-scan radar 52 m&s from the ASR-2 Interrogatmns by 
ASR-2 antenna side lobes when the ASC was moperatlve decreased rapIdly for mcreasmg 

Aircraft 
Altztude 

(feet) 

1000 

1000 

1000 

3000 

3000 

3000 

5000 

7000 

7000 

7000 

7000 

TABLE VIII 

TRANSPONDER ASC SIDE-LOBE SUPPRESSION 

Amcraft ASC Switch Maxmmm Range of Side- 
Headmg Poeltlon Lobe Responses 

(mles) 

South On 0 8 North and South 
of ASR-2 

South Off Greater than 10 

North On 0 75 North and South 
of ASR-2 

South OFI 05 

South Off 18 

North Off 21 

South On 0 70 South of ASR-2 

North On 0 75 North of ASR-2 

North Off 22 

South Oil 0 75 South of ASR-2 

South Off 19 
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arcraft ranges greater than 15 “ules The transponder ASC c~rcuts were very effective 
durmg these tests The video-ampllf,er bias voltage varied from 2 1 volts d-c when the AX 
clrcults were moperatlve to a maxlm~m value 5 9 volts d-c when the ASC cxcu~ts were 
operatwe Results from smular tests of the S-band reply transponder were esse”t~aUy the 
same as those I” Table VIII The max,mum range for srde-lobe lnterrogatm” can be expected 
to vary and depends upon the settrng of the transponder trlggerlng-bias potentmmeter or 
squltter control and upon the settxng of the “o,se-level ad,ustme”t potentmmeter. 

The varratmn of the transponder dynamic range wath the level of the strongest signal 
recezved 1s tabulated 1” Table IX The measurements were made using two S-band signal 
generators modulated by pulse tra,“s fram two modulator units to smmlate signals from two 
ASR-2 equpments The attenuatar af the first signal generator was adJusted for various 
transponder Input-srgnal levels The attenuator of the second signal generator was adlusted 
for a srgnal level barely sufficmnt to trigger the transponder for each Input level from the 
first generator The difference between outputs of the two generators at the transponder-mput 
receptacle IS tabulated as the dynamic range The Input from the first generator was always 
the stronger, so that the b,as develcped by the AX clrcuts depended upon the attenuator 
settmg of the first generator 

stronger 
Input 

Svgnal 

(-dbm) 

5 

10 

15 

20 

25 

30 

35 

BlaS 
Developed 

by 
AX 

(volts d-c) 

70 

69 

67 

64 

61 

54 
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TABLE IX 

TRANSPONDER DYNAMIC RANGE 

Dynamx Range for Squltter Bms 

35 40 45 50 
volts d-c volts d-c volts d-c volts d-c 

(db) (db) (db) (db) 

24 19 17 5 14 

20 15.5 14 11 

I5 5 11.75 10.25 6.5 

17. 5 95 75 60 

11 0 75 6 25 50 

10 5 70 55 40 

10 65 50 35 

55 
volts d-c 

(db) 

9 

7 

5 

4 

3 25 

25 

20 

During the tests, the noise-+vel adJE.tment pote”tW”eter was adjusted for reckfled 
“01se voltage of 0 32 valt d-c For squltter biases less than 35 volts. the trlggerlng multi- 
vibrator was 1” a free-runnmg condltm” Interrogatmn by ASR-2 ante”“& side lobes should be 
expected when the squltter bms IS less than approumately 40 volts, because man-lobe sxgnals 
are greater than -10 dbm when the arcraft 1s at lower altztudes and is “ear the ASR-2 The 
squltter-control bms could be varied 10 volts without appreciable change 1” lnterrogatmn sen- 
sltwity When the squztter bias was 42 5 volts d-c, lnterrogatm” sensltlvlty was good, side-lobe 
Interrogatm” suppressm” was effectwe. and a free-runnmg condxtm” of the trxggerlng multi- 
vibrator d,d not occur For lower Input-sIgna levels, the dynam,c range decreased to 
appronmately 6 0 db SD that posslb~htws of capture by other radars were Increased when the 
nderrogatrng radar power was low “r when the range of the arcraft was Increased 

The data I” Table X allow compar~so” of the dy”am,c range when the transponder video- 
amphher gal” 1s adJUsted for rectlfzd “0156 v”ltages of 0 32 and 0 67 volt d-c. The squltter 
b,as was 46 volts d-c during the tests 

The dynamw range IS greater when the wdeo-amphfwr gal” 1s Increased for a rectified 
“else voltage of 0 67 Alsa. posslbllltles of capture by other radars and a temparary less of 
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TABLE X 

EFFECT OF NOISE VOLTAGE UPON DYNAMIC RANGE 

stronger lnput- 
Sxgnal Level 

(-dbm) 

Dynanuc Range 
Noise Voltage Noise Voltage 
0 32 volt d-c 0 67 volt d-c 

(db) (db) 

5 17 5 24 

10 14 20 

15 10 15 

20 7 115 

25 5 9 

30 45 85 

35 40 8 

lnterrogatmn due to a sudden decrease of the mterrogatmn-s,gnal level are decreased However, 
ammuth resolutm” 1s m,paxed 

The ma~lmurz, transponder range for a” arcraft altitude of 1000 feet above ground gen- 
erally var,ed between 40 and 45 miles dependmg upon the power transn-otted by the transponder, 
upon responsor gal”. and upon the dIrectlo” of headrng of the alrcraft was toward or away from 
the ASR-2 The mterrogatmn-link range was approximately 53 rmles, which 1s slrghtly less 
than the theoretxcal hne-of-sight dlshnce The response hnk was the llmltmg factor The 
maximum response-lmk range was appraxmxately 3 miles less when the arcraft headed towards 
the ASR-2 A 10 db attenuator was connected m the responsor Input transmlssmn 11ne durmg 
one Inbound flight The responsar STC was used, and the manual gal” control was adJusted for 
normal gal” The addltmn of the attenuator decreased the max,mum response-1,“k range to 18 
miles The peak power output of the transponder, measured upon completion of the test, was 
t20 7 dbw The maxznum relrable response range obtaned durmg any of the fhghts at 1000 feet 
was 52 miles 

At altitudes between 2000 and 10,000 feet, the manmurn mterrogatvx- and response-lx& 
ranges were greater than 60 rmles. which 1s the maxzmum range presented by the ASR-2 PPI 

Maumum ,“terrogatlo”- and response-path ranges for a” amcraft altitude of 10,000 feet 
were recorded during a flxght which was made at a range of 150 moles to determxne second- 
tzme-around effects Durrng the test. the responsor STC clrcults were turned on momenttar~ly 
to determine the effect of STC upon presentatm” of second-txme-around responses The trans- 
ponder peak power output was 20 7 dbw During the outbound flight. rellable z-,terrogatmn was 
abtalned at ranges between 0 and 136 miles and partxal mterrogatm” was obtaIned between 
136 and 137 m&s When flying toward the ASR-2. partial lnterrogatmns were obtamed from 
142 to 138 m&s and the mterrogatmns were rehable for ranges less than 138 m,les The 
mterrogat,on range was somewhat less than the theoretlcal lme-of-sight dxtance of approxt- 
mately 154 m&s The quality of transponder replies as observed on the ASR-2 PPI for var,o”s 
axcraft ranges 1s show” I,, Table Xl 

The range of the second-tmvz-around responses dxplayed on the PPI was equal to the 
arcraft range rn,nus 77 miles During the outbound flights. use of STC elunlnated the target 
when the range was 84 mrles, reduced target qualzty from strong to weak at 87 ,-ales. and 
reduced It from strong to far at 94 miles At 104 miles. STC did not change the intensity of 
the target dxplayed The target was dxplayed at 27 roles when the axcraft range was 104 
miles From Fig 43 It may be see” that STC has very httle effect, approximately 0 5 db, on 
the responsor gam when the range 1s 27 mrles. Use of STC to control the display of second- 
tm,e-around and th,rd-time-around responses 1s not practical, because slgnal levels dec, .ase 
less rapxdly wrth mcreasmg range when the ,nltml range IS large and because sIgna levels at 



Range 

(miles) 

0- 60 

60- 77 

77- 89 

g9- 91 

91- 97 

99-101 

101-102 

102-105 

105-107 

107-109 

+lo9-117 

117-120 

120-121 

121-125 

125-126 

126-129 

129-132 

132-137 

137-150 
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TABLE Xl 

QUALITY OF TRANSPONDER REPLIES DURING SECOND-TlME-AROUND TEST 

Outbound Flight Inbound Flight 
Character of Ranee Character of 

Reply 

strong 

PPI Dead Tome 

strong 

Weak 

strong 

Weak 

Fa,r 

strong 

Fa1* 

Not Vlslble 

Fal* 

Not Vlslble 

Weak 

Not Vlslble 

Weak 

Fair 

Weak 

Not Vlslble 

PPI Dead Time 

(“Ules) 

o- 55 

55- 58 

5g- 60 

60- 77 

77- 62 

BZ- 92 

92- 94 

94-100 

100-101 

101-104 

104-105 

105-137 

137-150 

Reply 

strong 

Weak 

strong 

PPI Dead Tune 

Weak 

Not Vlsrble 

Weak 

Not V1slbL.z 

Weak 

Not Vlslble 

Weak 

No Signal 

PPI Dead Tm-,e 

any range vary with alrcraft altrtude If the effects of ASR-2 antenna vertxcal drrectlvlty are 
Ignored and If free-space prcpagatmn condltmns are extant. the signal level decreases 6 db 
when the alrcraft range 1s doubled The level decreases 6 db when the range 1s Increased from 
30 to 60 moles and another 6 db when the range IS Increased from 60 to 120 m&s 

The rnaxrr~um response-lmk range depe”ds upon responsor STC characterrstxs and upon 
whether the transponder transmltt~ng antenna IS on the top or the belly of the arcraft M~mmum 
ranges obtalned when the ASR-2 antenna tilt was 3’ and when the transmrttmg antenna was 
mounted on top of the alrcraft are llsted I,, Table XII 

Data m Table XIII mdlcate the effect of transponder ASC and of responsor STC durmg 
flights at the altitude of 5000 feet Both transponder antennas were mounted o” the belly of the 
arcraft 
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Axcraft 
Altitude 

(feet) 

1000 

2000 

3000 

5000 

10,000 

TABLE XII 

MINIMUM RESPONSE-PATH RANGES 

STC Swxtch Mmm,um Range 
Settmg Outbound Flight Inbound Fhght 

(mles) (m&s) 

0” 1 1 

Off 1 03 

Off 13 05 

0” 82 80 

0” 10 0 12 2 

As seen from the data 1x1 Table XIII. the use of STC unproves aslmuth resolutmn for 
ranges less than 14 miles when the transponder ASC IS turned off For ranges greater than 
14 m&s, the resolutmn appears to be better when the STC 1s not used This apparent dls- 
crepancy occurs because the arcraft was headed toward, Instead of away from, the ASR-2 when 
the STC switch was turned off The slgnals recezved from the axcraft were weaker dunng 
Inbound flights Also, reductmn of responsor gam by STC clrcults decreases with mcreasmg 
range 

The effect of STC upon the display of the side-lobe response was checked at several 
artltudes durmg other flights The gam of the response path was reduced Srde-lobe responses 
were not observed at any time However. the m~mmum response-path range was affected 
adversely. and the dlfferencer are recorded I” Table XIV The transponder ASC was turned 
off at all times 

Generally. the use of STC unproves resolutmn when the transponder ASC 1s not used 
Studies of the posslbllity of usmg the responsor STC alone to ehm~nate the presentation of 
side-lobe responses lndxate that compromxses m system performance would be necessary. 
A compromxse among maxzmum range, mmmmm range, and rehable performance under un- 
favorable equipment or unfavorable alrcraft-altztude and attztude conddltlons would be required 
From study of flight-test data, the varlatmns m sxgnal levels hsted III Table XV should be 
expected durmg normal level-flight condltmns at 1000 feet Ranges up to 25 mrles are most 
Important for terminal-area traffx control and far the use of STC 

If the responsor STC 1s so adJusted that responsor video output IS constant when the 
sIgnal-level varxatmn IS the same as that of the lOOO-foot altitude curve I” Fig 39, the 
amplitude of the strongest ASR-2 antenna side lobe ,s 27 db below that of the ma,” lobe as 
lndxated I,, Fig 15 Therefore the manual gam control can be adJusted so that slgnals 27 db 
weaker than those of the average curye are almost dzscermble Under Ideal condltmns. side 
lobes will not be dxplayed when the alrcraft altatude 1s 1000 feet, and, as seen m Fig 39, It IS 
evzdent that man-lobe signals will be displayed when the arcraft altxtude IS mcreased to 
10,000 feet and when the range 1s greater than approximately 0 5 mile However. allowance 
must be made for propagatm”. equipment performance. and arcraft attitude condltmns 
Actually, for ranges less than 5 m&s, the gal” should be reduced approxxnately 1 5 db to 
prevent “breakthrough” of side lobes when the attitude of the axcraft at 1000 feet 1s mast 
favorable Signals from arcraft at the higher altitudes should be approximately 5 db stronger 
than minimum dlscermble signals I” order to pravlde dlstmct targets These two condltmns 
require that signals from axcraft at higher altitudes cannot be more than 20 5 db below those 
from arcraft at 1000 feet If dzstmct targets are necessary If arcraft at the higher altitudes 
are flying Inbound and the attitude 1s unfavorable, the 20 5-db ratm 1s reduced to approximately 
17 0 db From Fzg 39, It may be seen that the mm~mum range for a 17 0-db ratlo 1s approxl- 
mately 1 5 m&s for arcraft at 5000 feet and approximately 3 0 miles for arcraft at 10,000 
feet The above ranges could be expected If the transponder-transmitter power. the loss m 
transmzssmn lrne, and the antenna pattern of all alrcraft are ldentlcal The mmmmm range 1s 
Increased greatly because of shxeldlng effects of the fuselage when the transponder transmlttlng 
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TABLE XIV 

MINIMUM RESPONSE-PATH RANGE 

Altitude 

(feet) 

1000 

2000 

10,000 

Muumun Range 
AIrcraft Outbound AIrcraft Inbound 

(m&s) (m&s) 

25 25 

25 30 

60 60 

antenna IS mstalled on top of the arcraft Durmg bench tests of several equipments. power 
varlatlons greater than 6 0 db were observed If It IS practical to manta” power levels of 
umts m service withm 6 0 db and If the use of different lengths of transmlsslon lmes and 
dzfferent antenna locatmns does not vary transmItted power more than 3 0 db, the ratio of power 
received from arcraft at 1000 feet under the most favorable condltlons to power received from 
arcraft at higher altitudes under unfavorable condrtlcns IS reduced from 17 0 db to 8 0 db 
The g 0-db ratm mcreases the mxumum range to approximately 3 5 miles at 2000, 3000, and 
5000 feet and to 5 5 miles at 10,000 feet None of the calculatmns Include the large slgnal 
varw.txcns that occur when the alrcraft IS maklng a turn The use of STC alone to control dls- 
play of side-lobe responses does not appear to be practxcal from a” operatlonal standpomt If 
relrable transponder targets whthout any evidence of the display of side lobes are reqmred for 
each scan of the ground antenna Addltmnal experrence mvolvmg different ASR-2 sites, m- 
cludmg those having salt water I” the Lmmedlate vlclnlty. different ASR-2 antenna tilts, and 
different types of arcraft IS required before fmal conclusmns are possible 

Capture Effect 
The transmxtter-receiver-umt ASC clrcmt was deslgned to prevent trlggermg by mter- 

rogatmg radar-antenna side lobes when the power m the mayor side lobe 1s 20 db or more 
below that of the mam lobe and when the receaved power from the mam lobe 1s between -35 dbw 
and -57 dbw Actual measured performance of the ASC cmcult shows a 19-db dynamic range 
for signals of -35 dbw decreasing to appronmately 7-db for -57 dbw levels The ASC clrcult 
automatxally sets the level of the video-amphfler bras voltage, which determines the sensrtlvlty 

TABLE XV 

SIGNAL-LEVEL VARIATIONS DURING NORMAL FLIGHT CONDITIONS 

Range Signal-Level Difference Between Total 
Fluctuatzons Outbound and Inbound Varlatlon 

(m&s) 
SIgnal Levels 

(db) (db) (db) 

o- 5 t1 5 2 +1 5. -3 5 

5-10 l 2 3 +2 0. -5.0 

IO-15 l 2 5 4 +2 5, -6 5 

15-20 *3 0 5 +3 0, -8 0 

20-25 *3 0 5 +3 0, -8 0 
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Fig 47 TheoretIcal Capture Effect for Radar. Separatmn of 50 M,les 

of the transponder The b1a.s level set by the ASC czrcult at any Instant depends on. (1) the 
power level of the strongest pulses must recently received from any radar m the r-f pass band 
of the transponder and (2) the txne constant of the ASC arcmt “Capture” IS a term used when 
a partlclpatmg radar does not interrogate the transponder because of the AX bms voltage The 
ASC bias may have been set by other partxlpatmg or nonpartxlpatmg radars that are more 
powerful or are closer to the arcraft The regmns of capture that exist about a radar are de- 
termmed by the relatxve power outputs of the radars, the spacrng between radars, and the 
antenna radxatmn patterns The vertxal radlatmn pattern may consist of lobes with maxima 
and m~nzma because of the mterference between directly radiated energy and ground-reflected 
energy The extent of thxs lobmg depends an the polarleatron. the free-space @enna pattern, 
the trlt of the antenna beam. and terram features Figure 44 shows the extent of this lobmg a, 
calculated for several condltmns of ASR antennas 3w4 Flgure 45 shows the dependence of the 
magmtude of the reflectmn coefflcznt R on the polaraatmn and on the grasmg angle 

3 L A Hartman and A T&e, “Evaluatmn of Radar Safety Beacon,” Report No 2815-1, 
AIrborne Instruments Laboratory. April, 1953 

4 P L Rice, W V MansfIeld. and J W Herbstrelt. “Ground-to-Al= Co-channel 
Interference at 2900 Mc, ” Report No 1909, Natmnal Bureau of Standards, August 26, 1952 
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Fxg 48 Antennas Used Durmg Capture Tests 

The two condltmns on which computatmn of the capture regmn 1s made are (1) an arcraft m 
a maxumzm of the Interference pattern of the observers’ radar and the rnux~rnum of the other 
radar and (2) an arcraft m an mterference pattern mmunum of the observers’ radar and m 
the max~mun of the other radar The regmn of capture wvlll vary because of the effect of 
different terram features at different mstallatmns upon the magmtude of energy reflected from 
the ground 

In Fig 46 are shown areas of capture partral capture. and no capture for two ASR-2 
radars separated by a dxstance of 10 mxles 5 A camparlson of the capture areas of the three 
graphs Indicates the effect of transponder dynamic range The values of dynamic range whxh 
are used represent maxmmm, IntermedIate, and mmxrmm values that may be expected under 
actual operatmg condltmns When the radar separatux, 1s 10 m&s, the levels of the stronger 
signals should vary from approxunately 0 to -13 dbm If the output powers of the two radars 
are equal Dynarmc range should be approximately 18 db when the arcraft IS near one radar 
and should be apprommately 12 db when the arcraft 1s 5 m&s from each radar Figure 47 
mdwates capture areas calculated on the basis of 50-mxle separatmn 

Tests were conducted in the New York City area to determme posslbllltles of capture 
This area w?s chosen because of Its high radar density Durmg the week of October 13. 1952, 
flight tests were conducted at the New York Internatmnal Alrpcrt (IdlewIld) usmg a TDEC DC-3 
axcraft and an USAF C-47 from the DIrectorate of Fhght and All-Weather Testmg. Wright 
Air Development Center The USAF arcraft was equpped with a Model I transponder modlfled 
to reply on S-band The TDEC arcraft was equpped with a Model II transponder and with 
varmus recording equpments Both arcraft used circularly polarized antennas, Type AT-329/ 
UPN-9, for recelvmg mterrogatmg-radar pulses, and rephes were transmItted by horxzontally 
polarized, triple-dipole, transfmttmg antennas (No 658457) manufactured by the Sperry 
Gyroscope Gxnpany 

5 Ibtd 



Fig 49 Installatm” of Test and Recording Equpment Used Durrng Transponder Capture Tests 

At the txne of the tests, the Newark, New Jersey ASR-2 was not available because 
acceptance tests had not bee” completed Personnel of the First Regmn of the Clvll Aeronautics 
Admlmstratmn and of AIrborne Instruments Laboratory tempcranly modlhed the Idlewlld ASR-I 
r-f and wdeo components so that transponder rephes could be received and dlsplayed It was 
necessary to use the horleontally polarmed reply antenna because the ASR-1 1s horIzontally 
polarized A circularly polarzed Interrogation antenna was used to mmnnme dxscrmnnatron 
agamst either horIzontally or vertxally polarzeed signals 

On the USAF arcraft, the reply antenna was mounted on the astrodome cover above the 
pllot’s compartment The mterrogatmn antenna was mounted on the fuselage below the pIlot’s 
compartment The TDEC amcraft antennas were mounted on the bottom of the fuselage as 
shown by Fig 48 A Helland photographx recorder was used m the USAF aircraft to record 
multxvlbrator trlggermg actlon durmg the tests 

The varmns recordings that were made aboard the TDEC arcraft were 

1 A magnetic-tape recordrng of the multlvlbrator trlggermg a&on due to radar lnterro- 
gatlons and of radm communrcatmns and comments by engmeers aboard the alrcraft 

2 A dual-channel Brush osclllograph recording of the mcomnng radar-slgnal levels and of 
the multlvlbrator trlggenng actmn Thx recordmg also had penal notes of AX on-off posltlo”, 
arcraft turns, tune, altitude, and approxunate locatxm of the aircraft 

3 An EsterlIne-Angus recordmg of the AX voltage 
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Fig 50 Sample of Recordmgs Obtamed Durmg Capture Tests I” New York City Area 

Fxgure 49 shows the test equxpment as Installed m the alrcraft The signal strength of the 
mcammg radar mterrogatmns was measured by means of a special wade dynamx-range 
ampllfmr constructed at TDEC A descrrptmn and a schematic dxagram of the clrclut are given 
rn Appendu III A typzcal sample of the osclllogram 1s shown m Pig 50 The upper trace IS a 
recordmg of the radar-sIgnal levels at the Input of the transponder The lower trace 1s a record 
of the multlvlbrator actmn An example of capture wherem the multlvlbratar was not trlggered 
by signals received from several radars 1s shown In this recordmg The strong sIgna whxh 
set the high ASC boas voltage was from a long-range radar with a slow antenna scan rate The 
mterrogatmns from the ASR radar are more numerous on the recordmg because of the higher 
antenna scan rate. 25 rpm The ASC bzas voltage recordmg, made at the same txme. 1s also 
shown m Fig. 50 Thz shows the effects of the strong signal from the long-range radar upon 
the AX bras voltage 

Callbratmn of the mlde dynamic-range amphfxr and of the recorder was made by use of 
a Hewlett-Packard Type 616A S-band sxgnal generator Tnggermg of the sIgna generator was 
accomplrshed by a special radar sn-nulator constructed at TDEC to obtam pulse trams sxnulatlng 
those received from an ASR Figure 51 1s a block diagram of the recording-equipment 
connectmns 

The Idlewlld ASR-I was modlfwd by the addltmn of a waveguzde duplelnng sectmn to 
permit cannectmn of the responsor to the radar antenna To accomplish this change, a 



Fig 51 Block Diagram of TDEC Amcraft Eqmpment 

wavegude sectmn having a right-angle bend was replaced wrth the duplexmg sectmn durmg the 
tests The video from the responsor was fed to a video mxxlng unit where It was combmed with 
the radar video and was then transferred to the tower mdxcator over a coaxial cable The wdeo 
m,xmg umt was constructed at TDEC Flgure 1 I 1s a schemat,c diagram of the mixer umt A 
remote garn control was mstalled I,, the tower at the PPI to permlt remote adjustment of 
responsor garns Figure 52 shows a block dmgram of the modrfled ground equspment 

A 16-mm motmn-picture camera, mod,fled for smgle-frame txne exposures, was mounted 
on the ASR-1 PPI By means of a mlcroswltch mounted on the antenna pedestal and of a sut- 
able count-down clrcu,t. the camera shutter was opened for three antenna revolutmns The 
shutter was then closed, the film advanced to the next frame, and the cycle repeated Thus, a 
contxnmus film record of the ASR PPI presentatron was made The camera faeld of view was 
adJusted to rnclude an lllummated clock as well as the PPI Each frame conslated of a tame 
exposure for three antenna revolutmhe wxth a record of the exact trne of the exposure By 
means of a Gray Audograph recorder ,n the tower. verbal comments of the time, changes zn the 
radar dxsplay, arcraft posltmn, arcraft altitude, ASC on-off pos~tmn. and other pertment 
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F1g 52 Block Dmgram of Responsor Installatmn on ASR-1 

lnforrnatmn were recorded The normal tilt of the Idlew1ld antenna 1s 4’ above the horizon to 
reduce ground-clutter d1fflcult1es This tilt was used throughout the tests 

Over a permd of five days, holding patterns and flight paths normally used by commercial 
carriers were flown throughout the IdlewIld area Also, circles of IO- and 15-m& radu were 
flown about the ASR-1 at altxtudes of 2500. 3500, and 5000 feet 

USAF Fhght 
On October 17, 1952, the USAF C-47 arplane made an orbital flight which 1s plotted zn 

F1g 53 Add1twnal fhghts on the same date are plotted m Fig 54 The notable features of the 
flights were 

1 During the orbit. the arcraft altitude was 3500 feet and the range was about 10 miles 
The elevatmn angle of the arcraft was 3 8’ During the orbit. the transponder replxs were 
visible 35 per cent of the tune 

2 For short permds of the flight. the reply code was changed to a single px se Since a 
single-pulse reply 1s not d1stlngwshable from the radar return, these portvans of the flight are 
considered to have 1ndetermmate transponder data These 1ndetermmate permds were not 
included m computmg the percentages of reception 

3 The transponder reply was absent from the PPI 46 p er cent of the total time of the data 

F1g 53 OrbItal Portmn of Aircraft 9214 Fhght Path on 17 October 1952 



57 

Fig 54 Latter Portmn of Alrcraft 9214 Flight Path on 17 October 1952 

TDEC Flwht 
The-data from the TDEC fhght, conducted an October 17, 1952, were analyzed in the same 

llots of the fhght The orblt shown m Fxg 55 was made manner Figures 55 and 56 are 1 
at the altitude of 2500 feet and at a distance of approximately 10 m&s The remamder of the 
flzght wuas made at varmus altitudes whxh were representative of normal flight paths IIL the 
area The notable features of the flight were 

1 Durmg the orhlt, the transponder replles were vlslble 37 r~,er cent of the txme 

Fig 55 Orbxtal Portmn of AIrcraft N-181 Flight Path on 17 October 1952 



Fig 56 Latter Portran of Alrcraft N-181 Flight Path an 17 October 1952 

2 For the total fhght, the transponder reply was absent from the radar scope for 32 3 per 
cent of the txne 

The same fhght was analyzed with the assumptmn that the ASR-2 radar at Newark AIrport 
was the main partxlpatmg radar A plot of lnterrogatmn data m Fzg 57 shows that the beacon 
faxled to reply to the ASR-2 for only 9 3 per cent of the total time of the data The higher per- 
centage of transponder replies to the ASR-2 has been attributed to the greater amount of trans- 
matted power (4 5 db above that of the ASR-1) and to the vertical polar,zation The cxrcularly 
polarzed arcraft antenna may have dlscrlmmated to some extent agamst the horzonttal 
polanzatmn of the ASR-1 radar The antenna carrxd a security classlflcatmn, and no 
lnformatmn 1s available concermng the pattern 

On October 18, the TDEC arcraft flew varmus patterns throughout the New York area 
The transponder transmztter was disabled to permit more accurate measurements of the 
Interrogatmg-slgnal levels The multlvlbrator trlggenng actmn, however, was normal, 30 that 
It was possible to record mterrogatmn Figure 58 1s a plot of the flight paths flown and 
mdlcates portmns of the flight when the transponder did or dxd not reply to the ASR-1 at Idlewlld 
At mtervals durmg the tests. the ASC was made temporarily moperatlve to determme whether 
the loss of replies was due to the ASC bias or to other effects An exammatmn of the plot 
shows that the transponder replxd to the ASR-1 at Idlewlld a small percentage of the time 
Manly, the loss of replxs was due to capture effect by other radars Figure 59 shows the 
same flight durmg whxch the ASR-1 at La Guardia AIrport was consIdered as the partlclpatmg 
radar Smce the La Cuardla radar was not operative durmg the entire flight. the plot covers 
only that portmn of the flight durmg whxh It was known to be aperatmg Here agam, capture 
effect was most severe, and exammatmn of these plots shows consxstent capture m several 
areas Durmg these fhghts. the ASR-2 at Newark AIrpart was not In aperatmn and was not the 
cause of capture The antenna tilt of the La Guardia radar was 1 8” above the horizon 

Some of the results of evammatmn of the number and types of radar mterrogatmns 
encountered durmg this fhght are gxven m Table XVI A typxal lo-mmute sample from 3 24 
to 3 34 p m, as the aircraft flew at 1500 feet on a headxng of 270” , was selected The range was 
approximately 11 miles, and the posltmn of the arcraft moved from 200’ to 210” on the PPI 

The series of flights conducted In the New York City area showed that the capture 
problem does exist and 1s ~erlous The ASC system of antenna side-lobe suppressmn as used 
m the transponder can be controlled by any radar operatmg at a frequency wzthm the r-f 
passband From the data obtamed m New York, It 1s mdxated that the most serious of the 
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TABLE XVI 

TYPES OF RADARS KNOWN TO BE IN OPERATION 

Type of Radar PRF Antenna rpm No of Scans 
or duratron* 

Long Range 280 6 

ASR-1 1000 26 
(2 operatmg) 

ASR-2 1200 25 

CGA 2000 30 

Cunlaymg** 

* Dunng permd mterrogatmns were received 
**(Several trackmg types with var,ous PRF’s) 3 mln , 5-I/2 set 

55 

51 

200 

6 

capturmg radars were of the amcraft-trackmg type that remaIned an the alrcraft for several 
IIl1les Durmg this permd of cont,nuous Interrogation, the ASC bias was held at a hrgh value 
which prevented mterrogatmn by ASR radars Furthermore, the transponder peak output power 
decreases as the mterrogatmn rate increases This characterlstlc 1s undesirable, because 
mterrogatmn by several trackmg or searchllghtmg types of radars reduces the peak power of 
replies to ASR eqmpments 

Fhghts were made ln the Indmiapalls area to determxne the posslb,l,ty of capture of the 
L-band reply transponder by a powerful slow-scan radar 52 miles from the ASR-2 The arcraft 
was flown from one radar to the other at several altitudes The vertxally palarmed antenna 
suppr.ed with the transponder .,,a5 used The mterrogatmn data shown in Tables XVII and XVIII 
were abtamed 

TABLE XVII 

Aircraft 
Altitude 

(feet above ground) 

1000 

1000 

3000 

6000 

Headmg 
with 

Respect 
to ASR-2 

Outbound 

Inbound 

Outbound 

Inbound 

Distance from 
ASR-2 for Com- 

p1ete Capture 
by Other Radar 

(mles) 

37 

27 5 

40 

36 

Distance from 
ASR-2 for Partial 
Capture by Other 

Radar 
(Imles) 

37 

31 

44 5 

43 

If the other radar 1s consIdered to be the partmpatmg radar and the ASR-2 the capturmg 
radar. capture effect 1s as shown in Table XVIII 
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Fig 57 Interragatmn by Newark ASR-2 
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TABLE XVIII 

CAPTURE SY ASR-2 

Aircraft Headmg Distance from Distance from Maxnnum Range 
Altitude wrth Other Radar for Other Radar of Other Radar 

Respect Complete Capture for Part,a1 Stde-Lobe 
to ASR-2 by ASR-2 Capture by Responses 

ASR-2 
(feet above ground) (miles) (miles) (mles) 

1000 Inbound 40 40 3 

1000 Outbound 45 45 10 

3000 Inbound 51 and 45 to 41 51 to 45 and 41 to 36 6 

6000 Outbound Greater than 52 Greater than 52 19 

Data concerning the ma~,mum range of lnterrogatm” by the other radar-antenna s,de 
lobes are Included I” Table XVIII to ,“dvzate that the transponder ASC does not suppress side- 
lobe lnterrogatlons effectively when the scan speed 1s very low The b,as generated by the ASC 
clrcults decays appreciably between success,ve antenna scans so that s,de lobes preced,“g the 
ma” lobe Interrogate the transponder 

Several methods for decreasing capture passlbllzt,es have bee” advanced Each method 
tends to dlscrm,,nate I” favor of the ASR and aga,“st other radars The suggestmns cover r-f 
selectlvlty. pulse-repetltlve-frequency (prf) selectlvlty, and antenna-scan selectxwty In the 
case of r-f selectlwty, the present frequency passband of 200 Mc would be reduced to exclude 
as many other radars as poss,bIe However. th,s would restrict the ASR radars tc a smaller 
portmn of the spectrum than they now occupy PRF and antenna-scan filters that favor ASR can 
be constr, cted The prf f,lter would llmlt control of the ASC b,as to ASR radars only However, 
capture between ASR radars and overrnterragatm” of the transponder would st,ll be passlble 
If the AX bias 1s set only by particlpatmg ASR radars, the” the transponder could reply to the 
srde lobes of the stronger S-band mllltary radars Th,s would overload the transponder, and 
the ovennterrogatm” problem would be more sermus The antenna scan-rate filter would not 
prevent track,“g-type radars from setting the ASC b,as It 1s possxble that some comblnatto” 
of these methods would ,mprove the over-all performance of the transponder Tests of such 
modlficatmns I” a high-radar-dens,ty area would be necessary to appraise them properly 

Equrpment Tests and Observations 

Interference 
Dur,“g all fl,ght tests It was necessary to turn off all D,stance Measuring Equipment (DME) 

I” the aIrcraft to prevent ,“terfere”ce w,th transponder ,nterrogatlo” Energy from the DME 
transmitter was coupled from the DME antenna to the transponder-~“terrogatlon antenna The 
DME operates 1” the frequency range of 963 5 to 986 Mc A par of 2 5-mxrosecond pulses are 
transmitted at a prf of 30 The ,“terferl”g signals caused the ASC c,rcu,te of the L-band reply- 
model transponder to Increase wdeo-ampllfler b,as levels from 2 3 to 4 9 volts d-c when the 
transponder was set for ,“terrogatm” by S-band surveillance radar Increasing the tr,gger,“g- 
mult,vlbrator bras from 45 to 73 volts d-c prevented mterrogatm” by the DME transmitter 
When a” S-band s,g”al generator was connected to the transponder, a signal level of -13 dbm was 
requ,red to establish ASC voltage at 4 9 The generator was adJusted to produce 2 5-microsecond 
pulses 60 t,mes per second Interference was “egl,g,ble when the transponder was set for 
X-band ,“terrogatmn The operatla” of “av,gat,on receivers, automatic dlrectmn fmders. 
marker-beacon receivers, automatx-pilot equ,pme”t, and artlfxaal-hor,eon equipment did not 
cause mterference The operatm” of commu”,cat,o”-transmlttlng equipment caused temporary 
interference when the transponder was Installed “ear the transmitter 
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DME mterference was much less when the S-band reply transponder was mstalled 
Reductmn m mterference ,s due to greater selectlvlty of the transponder S-band crystal holder 
It was stall necessary to turn DME eqmpment off during the flight tests The frequency- 
respanse character,st,cs af the crystal holder m two S-band reply transponders were measured 
In one equ,pment the center frequency was 2760 MC Var,atmn wulthm the passband between 
2650 and 2870 MC did not exceed +2 db, bandwidth between pants 3 db down was 235 MC, and 
bandw,dth between pomts 18 db down was 380 MC In the other equipment, max,mum respanse 
occurred at 2908 MC 
2680 MC 

The response decreased gradually and was IO db below max,mum at 
Vanatmns from a slopmg lme drawn between the 0 and IO-db pomts were f2 5 db 

BandwIdth between -IO-db response pomts was 265 MC, and bandwIdth between -2O-db response 
pants was 365 MC 

The frequency response of the L-band reply-model crystal holder was much broader 
Between the frequencies of 2700 and 2900 MC, the response varmtmn was approwmately +O 4 db 
The half-power bandwldth was approximately 350 MC, the bandwIdth between pomts 6 db down 
was 940 MC. and the bandwldth between pomts 10 db down was approxxnately 1600 MC 

Bench tests were made m a shlelded room to prevent interference by signals from L- 
and S-band radars and from arcmg between contacts of relays m a,=-traffic-control mterlock 
systems Interference by signals from commercial low-frequency broadcast statmns was also 
observed Interfermg s,gnals cause mterragatmn and estabhsh ASC voltage that reduces 
mterrogat1on sensltlvlty 

Transponder-Transmitter Characterlstlcs 
In the S-band reply-model transponder, the oscillator tube 1s a Type 5893 pencil trmde 

Durmg skngle-pulse operatmn, maxrnum average power IS lrnlted by countdown of the 
trlggermg multlv,brator in order to protect the tube agamst excess,ve plate d,sstpatmn Dunng 
multiple-pulse operatmn, max,mum average power 1s hm,ted by countdown and by decreased 
w,dth of the pulses applied to the oscillator plate as the pulse repet,t,on frequency IS ,ncreased 
In the umt tested, the tr,ggenng-multlvlbrator dead txne was 240 microseconds and countdown 
occurred at a pulse repetltmn frequency of approxmmtely 4160 pps When the pulse repetltmn 
frequency was mcreased from 300 to 4160 pps, the average power mcreased from 20 2 to 26 75 
dbm. the peak power decreased from 388 to 189 watts. and the pulse w,dth decreased from 0 9 
to 0 6 mIcroseconds The peak power and the pulse width at 1200 pps were 318 watts and 0 8 
microsecond, respectively Durmg double-pulse operatmn, the peak power decreased from 
288 to 92 5 watts and the pulse w,dth decreased from 0 9 to 0 3 microsecond as the pulse 
repetxtmn frequency was mcreased from 300 to 3000 Durmg triple-pulse operation. the peak 
power decreased from 205 to 46 5 watts and the pulse w,dth decreased from 0 9 to 0 18 
mIcrosecond as the pulse ,epetltmn frequency was ,ncreased from 300 to 3000 The peak 
power at 1200 pps was 173 watts for double-pulse and 132 watts for triple-pulse operatmn 

Bench tests were made to determme the varmtlon of the S-band reply-transponder output 
power durmg operatmn for permds of several hours It was found that the output of two of the 
four umts tested varied greatly The pencil-trmde osallator tubes were mterchanged between 
transponders havmg stable and unstable output characterlst,cs Results a* power-output tests 
mdxated that the mstab,l,ty was caused by the tubes Instead of by the cavltles Observatmns 
of the pulses apphed ta the plates of the tubes md,cated that the modulator output d,d not vary 
apprecmbly durmg the tests The output of cme transponder decreased 6 5 db durmg a warm- 
up permd of 1 5 hours, and the output of the other transponder decreased 6 5 db durmg a warm- 
up permd of 3 hours Substltutmn of tubes decreased the power varmtlcn to appraxxnately 1 5 
db One of the transponders havmg unstable charactertstlcs had been used dunng prevmus 
bench and flight tests, but the other unit had been aperated less than 10 hours The total 
frequency dr,ft of the transponder used for bench and fl,ght tests was 11 MC The frequency 
uas adlusted durrng the test permd so that the maxrr,urn frequency drift was 5 5 MC The 
maxunum frequency drift observed durmg the warm-up permds was 5 MC 1” one ““It. 
transmitter-tube heater pms and correspondmg socket Jacks did not make relmble connections 

The spacmgs between pulses of multiple-pulse codes may change when the control boxes 
are Interchanged The potentmmeters used to adJust pulse delays are located m the control 
box Instead of m the transmitter-rece,ver umt In one ,nstance, the substltutmn of one control 
box for another changed the spacmg between the second and thzrd pulses from 15 to 26 nncro- 
seconds Tolerances estabhshed by the manufacturer far pulse delays of 16, 32, and 48 
microseconds were *2 5, +5 0, and l 7 5 mIcroseconds, respectively Even though the pulse 
spacmgs are wlthm the speclfred tolerances, ,t 1s possible that confusmn between three-pulse 
cades wll occur The F code, havmg nammal spacmgs of 16 microseconds. may have actual 
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spacmgs that cause the code to have the same appearance as codes C or D The code spacings 
were not wlthm speclfed tolerances when the control boxes were mterchanged 

The trlggerlng-mult,“lbrator and cadmg c,rcu~ts are crltxcal w,th respect to “acuum- 
tube characterlstxcs In one mstance, the second pulse of the two-pulse code B was not present 
when the 400-cps Input voltage was greater than 112 “olts The substltutmn of a new 12AT7 
I” the socket for V-214, code control and bloomer stage, restored satzfactory operatmn when 
the 400-cps mput voltage was “amed from 105 to 125 volts Tests of the orrgmal V-214 ,n a 
mutual-conductance tube checker, Hlckck Electrical Instrument Company Model 539, mdlcated 
that the tube charactenstics were normal In several cases, It was noted that the second or 
thmd pulses were mtermlttent or that the delays “aned approxmately two m,craseconds 
Substxtutmn of other ILAT’I tubes in V-213 or V-215 sockets restored normal operatmn The 
tubes that were removed from the sockets appeared to be normal when checked ,n the tube 
tester Addltmnal m”est,gatmn of the cmcultry and of the tube characterlstrcs would be 
requmed to determme reasons for erratx operatmn 

The ma,or dlff,cultes encountered durmg tests of the L-band reply transponder were 
InsufficIent or no transmitter output. short modulator tube life. build-up of ASC voltage when 
the control switch was turned off, build-up of ASC voltage by stray transmitter energy under 
low mterrogatmn sIgnal-level condltmns. and hm,t,ng of s,gnals ,n the X-band preampl~fler 

Al1 of the transmitter-oscillator cantles were repaxed as recommended by the 
contractor’s representative Repaxs that were made restored normal power output Defects 
whxch were found Included shortmg of the screw or nut on the grxd-cannectmn strip to the 
sheld, shortmg of the lockmg nut or soldermg lug on the heater rod to the frequency-adJ”stment 
screlv. brass cuttmgs between the heater rod and the cathode sleeve, poor contact between the 
heater rod and the tube heater pzn, poor contact between the cavity plate connectmn and the 
plate of the tube. and nnproper pos~tmnng of the cavity sleeves 

One L-band reply transponder was operated for a permd of 2950 hours durmg a life test 
of the tmggenng, modulator, and oscillator cxrcults The transponder was trIggered by a pulse 
generator at the rate of 500 pps The maximum and the m~n,mum peak output power measured 
durmg the test ,.,a~ 316 and 135 watts, respectively It was not necessary to replace the 
oscillator tube or to adJuSt cavity frequency durmg the test, but It was necessary to replace the 
fxrst modulator thyratron, VD-1258. after operatmn for 211 hours and after operatmn for an 
addltronal 323 hours dunng the test The thyratrons which were replaced caused Jitter and 
mlsslng of transmitter output pulses When new thyratrons were mstalled. there was no J’tter 
or mmcmg of pulses until the pulse repetltmn frequency approached the trlggerlng-multlvlbrator 
countdown frequency The maxrnum repetltmn frequency for reliable aperatmn decreased as 
the operatmn permd increased because of changes m the thyratran charactenstlcs 

Three L-band reply-transponder osallator tubes faled durmg bench tests A Type 5764 
planar-grid trmde was used The heater of one tube opened, and grid-to-cathode short clrcults 
developed I,, the other two tubes durrng a warm-up permd of approxrmately one minute Infor- 
mat,on obtamed from the contractor mdlcated that grid-to-cathode short clrcults are a charac- 
termtIc of this type of tube At the contractor’s plant, some failures occurred suddenly efter 
the tube had been operatmg for many hours It was also necessary to replace several modulator 
thyratrans durmg bench tests A hard-tube, Type 3-E-29, 1s used m the modulator stage of the 
S-band reply transponder It v,vas not necessary to replace modulator tubes II= these reply 
transponders 

ASC Clrcults 
Further development or modlfmatmn of the L-band reply-transponder ASC IS needed to 

~m~ro”e relmbllltv of the aperatmn Durme tests of one umt. It was noted that ZL build-up of 
ASi: voltage occurred when-the mput s,gnal-levels were mcreased and the ASC control switch 
was turned off Invest~gatmn of “ldeo level and bms at the grid of the ASC detector showed that 
the bms was not sufflcwnt to prevent conductmn of the detector The charactenstlcs of the 
12AT7 tubes used 1” the “,deo amphfxr and ,n the ASC detector stages determme whether such 
a condrtmn can exist The ASC voltage buzld-up was elmnmated by mcreasmg the resistance 
R251 from 2700 to 3300 ohms to increase the ASC detector bms Increasmg the value of R251 
reduced the ASC voltage when the ASC switch was turned on and also mcreased the posslblllty 
of mterrogatmn by antenna side lobes Increasmg the ASC detector bms also reduced the 
bmld-up of ASC bms voltage by transmitter energy Introduced mto the “ldeo amplLher and ASC 
clrcults by stray cauplmg when the ASC swiltch was I,, the ON pos,t,on and when the Input signal 
level was barely sufflclent to cause tnggermg When there was barely suffzcwnt Input slgnal 
to cause trlggermg, an increase of bms voltage by stray transrmtter energy decreased the 
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se”s,tmty so that further ,“crease of the Input sIgna was requmed to obtaz” continuous trig- 
germg actmn The effect of stray transmitter energy upon the lnterrogatmn sensltlvlty of the 
S-band reply transponder was reduced by modrflcatm” of the ASC cxcults 

AIrborne Antennas 
Streamlined antenna housings were “at furnIshed to protect antennas from breakage 

Several S- and L-band antennas were broke” during amraft-servlclng operatmns The thx” 
plastw Insulator and spacer used I” the L-band antenna are very brittle and crack easily 

The local oscillator I” the L-band respansor was unsatrsfactory and caused much trouble 
during the tests Cavity modlflcatmns similar to those of the L-band transpander-transmitter 
cavity mod,f,catlo”s were necessary The l,fe of the 2‘37 tubes I” the cav,ty was not satIs.- 
factory Many of the spare asclllator tubes did not “sallate when Installed I” the cavity The 
feedback provided w,thm the cavity was not suff,cm”t to ,“sure rehable operatro” when different 
tubes were Installed Upon lnvestlgatm” of this problem by the contractor, It was found that the 
~““er cawty formed by the grxd and cathode sleeves should be modlfwd to ~“cz-ease feedback 
A mod,f,ed umt was not avalable durmg tests WIthI” a permd of continuous “per&o” It was 
necessary to replace the osc,llator tube six tm,es The operating permds between changes 
were 1500, 649, 34. 174. 291, and more than 284 hours Durzng these periods. It was necessary 
to adJUSt the crystal cauplzng several tunes to zncrease the crystal current to the recommended 
value of 0 6 Ma Except for a slight frequency drift, the operatm” of the S-band local oscillators 
was satEfactory 

The 1-f ampllfler strips of three of the four responsors were mod,Aed I” accordance with 
recommendatmns of the contractor I” order to ehmlnate paraslt,c osclllatmns at approxnnately 
450 MC, and the fourth responsar was modlhed by the contractor before shipment The maJO’ 
portm” of the mod,flcatm” consisted of the addltm” of 33-ohm resistors I” series with the 
screen grids of the Type 5654 ampllfxr tubes 

Durmg al,g”ment of the 1-f amplifier, It was necessary to adJuSt the slgnal-Input level 
and gal” so that the level at the second detector did not exceed 1 5 volts The shape of the 
over-all response curve changed at hxgher second-detector levels because of overload I” the 
last two amphf,er stages Alignment at lower sIgna levels prowded proper frequency-response 
and se”s&v,ty co”d,tm”s when most r”porta”t Tests of the over-all frequency-response 
characterlstlcs lndlcated that the c,rcults were not stable One measurement mdlcated that 
the over-all bandwIdth between 3 db points was 13 5 MC Varlatmns wlthm the band did not 
exceed fl 5 db Szx reeks later, varmtmns w,thl” the same band were t4 db with a new peak 
at the low-frequency side of the response curve Shght osallator-frequency dr,ft or change m 
1-f ampl,f,er charactenstlcs changed the over-all response curve Adjustment of the oscillator 
and of the r-f preselector to obtal” best over-all frequency response was dlfflcult ““less a 
sweep-frequency type of r-f sIgnal generator was used Further ,“vest,gat,o” of stablllty and 
of means to rr,prove stab,l,ty IS necessary ,f these respcnsors are to be used 

TR Madxficatm” Kit 
The attenuatmn of ASR-2 signals by the TR modlf,catm” kit was approxxmately 2 0 db 

and was the same as that predIcted by the manufacturer The attenuatm” of transponder replies 
vaned from 4 to 6 db, depe”d,“g up”” the over-all bandwidth of the kit and of the responsor 
From curves furnIshed by the manufacturer, the attenuatm” should have been approximately 
2 db Apparently, all the tunmg adJustme”ts functmned properly The reasons for the difference 
between the manufacturer’s data and the data obtaIned at this Center have not been determined 
The frequency-bandpass characterxsrlcs are consIdered satwfactory 

Miscellaneous Component Failures 
I” general, compo”e”+ failures which occurred during bench and flight tests of transponders 

and responsors did not lndlcate defl”,te deslg” or constructlo” dehcxencles, excepting those 
failures ~“volv,“~ responsor local-osczllator or transponder power-output clrcults There were 
very few failures of component parts such as reszstars and capacitors Two L-band reply- 
transponder 400-cps power transformers farled Because of a” error I” the first 
,“terco”“ectlng-wlr,“g diagram, 28 volts d-c was applied to the prm~ary wndmg of one 
transformer and caused overheatmE and falure It 1s belwved that the other falure was caused 
by a short of the cavity-heater coniectmn to ground 
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Test Equipment Required 
The followlnp test equipments are necessary for permdlc checks of operatmn and for 

rx,amtenaacs of the S-band reply transponder: 

I S-band nrgnal generator, Type TS-403/U or equivalent 
2 S-band power meter, Hewlett-Packard Company Model 430B with Model 475B tunable 

bolometer mclunt, TS-295/UP. TS-3/AP or equivalent 
3 S-band frequency meter, TS-3/AP or equivalent 
4 Attenuators, lo- and ZO-db, Polytechmc Research and Development Company Type 130 

or equivalent 
5 X-baud rlgnal generator, Type TS-147A/UP 
6 

modlfmd for pulse operatmn, or equivalent 
Pulse generator. Hewlett-Packard Company Model 212A, or equ,valent (used w,th Item 5) 

7 Video amphfxer, Tektromr Inc Model 121, or eqmvalent 
8 Coarml crystal detector, Polytechmc Research and Development Company Type 613, or 

oqulvalent 
9 Synchrascope. TektronIxModel 511-AD, Dumont Model 294A. or equivalent 

Items such as audio headsets, vacuum-tube voltmeters, and voltohmeters are not 
Included m this list because these items are avaIlable normally Eqmpment reqmred for tests 
of the L-band reply transponder 1s the same as that llsted. except that the S-band power and 
frequency meters should be replaced by Test Set TS-107/TPM, or equivalent 

Equzpments lzted 1” the followmg are necessary for tests and for mantenance of the 
6- or L-band responsors 

1 S- or L-band r-f sxgnal generator, Type TS-403/U (S-band), Hewlett-Packard Company 
Model 614A or Aircraft Radm Corporation Type H-12 or equivalent for L-band 

2. Synchroscope, Tektronix Inc Model 511-AD or Dumont Labaratorles, Inc Type 294A. 
or equivalent 

3 R-F sIgna generator, Measurements Corporation Model 80, or equivalent 
4 R-F frequency meter, TS-3A/AP f or S-band or TS-lO’I/TPM for L-band measurements 

OPERATIONAL EVALUATION AND RESULTS 

The first operatmnal fllght teats were made ,n the New York metropol&in area The 
ASR-1 at the New York Internatmnal Alrport (Idlewlld) was desxgnated as the prxnary radar, 
and fllght dlrectron and control were conducted from the mstrument-flight-rules (IFR) room at 
the Idlewlld control tower The flvght tests were made I,, co-operatmn w,th personnel from the 
AIrborne Instruments Laboratory, the First Regmn of the Cl”11 Aeronautics Admmxtratron, 
and the DIrectorate of Flight and All-Weather Testmg. Wrrght Air Development Center, Wright- 
Patterson Air Farce Base The pru-nary purpose of the flight tests was to obtam an appraisal 
of the transponder capture effect and to provide operatmnal personnel wzth an opportunrty to 
observe transponder rnformatmn on the radar md~cator Two arcraft equipped with trans- 
ponders partlclpated m the test program A DC-3 avplane belongrig ta TDEC was eqmpped 
with a MOD II transponder, and a USAF C-47 airplane was equipped with a MOD I transponder 
which had been modified for S-band reply 

It was estxmated that between 100 and 200 radars whxch mvght affect the “per&on of the 
transponder exxted I,, the New York City area The fhght tests Included 

1 Varmus courses that are normally used I,, the New York Czty area durmg IFR candltmns 
2 Standard holding patterns over the Glen Cove and Scotland holdmg markers 
3 A 15-mile orbIt of the IdlewIld ASR-1 at an altitude of 5000 feet 
4 A IO-m& orbIt of the IdlewIld ASR-1 at an altxtude of 2500 feet. 
5 A IO-mrle orbIt of the IdlewIld ASR-1 at an altztude of 3500 feet 
6 PPI approaches and low passes over the Idlewlld Axport 

Operatmnally, the followmg results were obtamed from the New York flight tests 

1 Analysis of the recorded aIrborne data showed that the transponder was bang captured 
by other radars durmg most of the trne that replles were not present on the Idlewlld mdxator 
Even though there were a mult,tude of radars which were operatmg I,-, this area. It was 



Fig 58 Plot of Transponder Interrogatmn by Idlewlld ASR-1 Radar and of Capture by Other 
Radars 

lble to determ,ne the type of radar which was capturmg the transponder at any g.von tune 
The areas of reply are shown III Figs 57, 58. and 59 Figure 55 shows the areas of reply durmg 
an orblt of the Idlewld ASR-1 at an altitude of 2500 feet 
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Fig 60 A Sketch of the PPI Showmg Two Transponder-Equipped Alrcraft in Termmal Area 

2 Certam alrcraft attitudes caused a temporary loss of transponder reply at the md,cator 
The degree of bank necessary to accomplish a change of dlrectmn resulted e,ther I,, a shmldmg 
of the aircraft antennas from the ASR-I antenna or I,, a change ,n ratm of the signal levels of 
mterrogatmg radars. which change was unfavorable to the partmpatmg radar or ASR-1 at 
Idlewlld 

3 The use of range-codmg to provide ,dentlflcatron of arcraft does not appear practxal 11, 
the termmal area Fxgure 60 1s a sketch showing overlappmg Ident,ty codes and the dlffmult 
problem of dastmgmshlng them 

Subsequent fhght tests were made in the Indmmpolxs area when the ASR-2 at TDEC was 
made ava>lable Tw, DC-3 type arcraft were eqmpped with transponders and with amborne 
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Fig 61 Photogrqhs of Transponder Codes (60-M& Range) 
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F,g 62 Photographs of Transponder Codes (30-M,le Range) 

recordmg equpment for these fltght tests These fhghts were made to determme 

1 Range and altitude coverage 
2 Ancraft-attitude effects 
3 Second-time-around replxs 



Fig 63 Photographs of Transponder Codes (IO- and 20-I&k Ranges) 

4 Transponder performance durmg x,rn,al traffl, -pattern approaches and PPI approaches 
5 Transponder performance v bcn IXFCI Il,lJUr, tion vat,1 thr PAR- 1 
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Transponder replies were observed on the PP1 to a range which ,s esse*t,ally 1l”e-,,f- 
sight At an altitude of 1000 feet above ground, transponder =ep1,es v,r==e “*rmally obse=ved 
t0 a range Of 45 miles The max~“um range af t=ansp*nde= =ephes at an alt,tude 1ooo feet 
above ground was 52 moles At a” altitude of 2000 feet above ground transponder replies were 
observed 0” the PPI to 60 m,les, 0= the maxr”um range of the ASR-2 I* subsequent flight 
tests at altitudes above 2000 feet, the transponder =epl,es “,==e .,bse=ved *“the PP1 from the 
cone of silence 0”er the ASR-2 antenna to the mazamum range of the radar Usually, mlsslng 
and fadmg were not observed for r”o=e than three co*secutlve scans of the antenna while the 
aIrcraft was I* level fhght 

Fhght tests show that the attitude of the aircraft with respect to the pa=tmpatl”g radar 
does affect the operation of the transponder Although the altitude and the range of the aIrcraft 
are a modlfymg factor, a bank of 15” or m*re will generally cause lose. 01‘ fad,“g of the reply 
at the mdlcator In some arcraft maneuvers, the loss of transponder target ,“f*rmatm” ,s the 
result of a shleldmg (by the fuselage and mmgs) af the reply or of mte==ogatm” antennas from 
the partmpatxng ground radar I” an area cantamng several radars capable af mterr*gat>“g 
the transponder, the fading or loss af target rnlght be a result of a change In the ratlo of slg”al 
levels which 1s unfavorable to the partmpatmg radar The se=zous”ess of th,s fadmg and loss 
Of target durmg turning “,a”euve=s w,ll be dependent upon ape=at,“g practices and operator 
techmques It 1s expected that radar v,deo w,11 be d,splayed s~multaneous1y “,Lth the trans- 
ponder video on the PPI The same condltmn that caused the shleldlng of the arcraft antennas 
from rhe partxlpatlng radar usually presents a greater =eflect,ve surface to the radar antenna, 
and this provides a better radar target on the PPI 

Several PPI approaches were conducted at IndW.napohs I* an effort to determ,ne the time 
during which transponder signals were lost because af antenna-shxldlng The code-selectar 
sw,tchwas placed in the B pasltm" for these fhghttests Normally. th,s would have provided 
a two-pulse code reply on the PPI with the fxrst pulse I* ca,“cldence w,th the radar echo and 
the second pulse delayed 16 m>croseco”ds or 1 l/Z mxles behlnd the f,=st pulse For these 
tests, however. the first pulse was disabled ~nthe arborne tra"sm,tte= Thx permttted the 
display of a radar echo at the axrcraftpaska" and the dxplay of the transponder reply delayed 
1 l/2 miles During the PPI approaches. the turn from the base leg to the fIna approach 
approxrnated a 90’ turn which was made at a distance of 5 mxles from the a”te*“a Other 
radars capable of affectmg the test results by capture were not operating dunng the permd of 
these tests Each approach was observed and photographed 0” the PPI These data analyses 
reveal that the transponder reply was lost because of antenna-sh,eldlng on an average Of three 
antenna scans during each approach The loss of reply occurred I* each rnstance as the a,=- 
craft was turned from the base leg tc the hnal approach The recorded arrborne data show that 
lnterrogatun of the transponder was not Interrupted during the turmng ma”eu”er, SD It 1s 
emdentthatthe loss of transponder reply at the PPI was the result of a shleldmg of the response 
a*ttenna At the c-ompletmn af the PPI approaches, a* approach was made to each runway from 
a normal trafflc-patte=n alt,tude of BOO feet above ground and at a d,sta”ce of 2 to 3 m&s from 
the radar antenna During each normal approach, the transponder reply was lost for two O= 
three ante""?. Scan5 as the alrcraftwas turnedfromthe base leg to the fmal approach Some 
of the transponder rephes appeared to be qute weak Th,s lndlcated that the aIrcraft was I” a 
part14 bank and that some shleldlng was taking place While th,s condltlon af weak and mlssing 
transponder =ephes may appear se=~ous, It 1s not a”t,clpated that traffic-control procedures 
would be adversely affected The radar operator can be reascnably certar. that the transponder 
reply ~111 reappear aS Soon aS the arcraft returns to level flight It 1s lnterestlngto note that 
the radar echo was displayed at all txmes durmg the PPI and normal approaches and that the 
radar operatar was supplled with posltlonal Informatxon at all tr”es 

A flight which was made to deternnne the presence of second-trne-around transponder 
=ephes ,s described I” another portlo” of this report From a” operatu,“al vlewpo,nt It was 
determmed, as a result of this flight, that as long as the transponder-equpped al=c==ft 1s wIthI* 
the ltne of sight af the xnterrogatlng radar antenna and as long as the equipment 1s =t *Ptlmum 
operatmg condltlo” and ,” a* attitude favorable for good signals, a false slg”=1 c=n be P=ese”t 
on the PPI The second-time-around reply w,ll obwausly have an adverse effect ** =I= t==fflc 
control 

Several fhghts we=e made ta determine the effect of the transponder when =eplYl”g to 
X-band o= PAR ,“terro&lo” Although these flights were made pr,ma=~ly to gather 
~nformatmn of a techmcal nature, some operational results were noted 

Transponder rephes as d,splayed on the PAR-l lndxators were CO"St.=nt MlSSl"g o= 
fadl”g was not observed The angular size of the transponder reply on the l”dlc=t*= W=S “0 
larger than the normal aIrcraft target It was noted, however. that the addltm” of the 



Fig 64 Photograph of Transpond-r Codes (6-Mile Range) 

transponder reply almost doublrd thP target 51~ xn range, because the pulse length of the 
transponder pulse IS approximately 1 0 mxrosecond The PAR-l pulse width 1s approxnnately 
0 5 mxrosecond The operatvxxl effect of this xxreased target size with respect to the 
proper spacing of arcraft on final approach 1s bellevcd to be neghglble Figures 21 to 23 are 
photographs of transponder replIes dIsplayed on the PAR-l Indzcators The bloomer-code 
ldentlfzcatlon v/as observed on the PAR-1 mdlcators This code feature placed a second reply, 
which was separated in range by 1 I/ 2 rmles from the f,rst reply, an the zndlcator The codmg 
of transponder replzes on the PAR-1 1s not bellevad necessary or desxrable for the fallowing 
reasons’ 

1 Identlflcatmn has been accomulzhcd oefore the aircraft target reaches the hnal-approach 
COU*Se 
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2 Usually, only one or two alrcraft targets are dzsplayed on the PAR at the same tm,e, and 
ldentlfxatm” does not become a factor 

3 If smaller spacing were permltted between axcraft, such as 1” some mllltary operat,““s, 
the” the use of the bloomer ,de”tlfxatm” code would only serve to further co”fuse the display 

The transponder identlfxcatmn codes are explained I” Appendzx I Figures 61, 62, 63, 
and 64 are photographs of these ldentlfylng codes as d,splayed c,” the different ra”ge scales “f 
the PPI The sp,ral-shaped patterns O” the PPI are caused by ,“terferl”g signals from a”“ther 
ASR-% near the TDEC ASR-2 From an operatmnal vwwpolnt, one of the chwf ob,ect,o”s to thrs 
method of ldentiflcatlon coding 1s that it takes a large amount of space on the PP1 
the F code requres a display range of 4 l/2 m,les 

For example, 
If many transponder replms are to be coded 

and viewed snnultaneously o” a PPI, overlappmg and clutter mght assume ser,“us proport,o”s 
The problems that arise L” connect,“” with PPI clutter and overlapping code groups must ,,e 
carefully consldered Figure 60 1s a sketch of a PPI whxch depxts the seriousness of this 
problem I” the terminal area 

Of pnme importance 1” a transponder system ,s the need of a relmble re”ly to be used by 
the ground-cantrol agency for arcraft-pos,tm” lnformatm” Ide”t>flcatm” coding ca” be 
considered as of secondary nnportance 1” the presently developed terminal-area traffic-control 
procedures 

The m,porta”ce of posit,“= radar lde”tlf,catm” of all arcraft whxch are under radar 
navlgatmnal gudance cannot be overemphasized Durmg the course of slmulatm” studxs,7 It 
was found possible to deslg” term,“al-area control systems wh,ch “ever requred a s,“gle 
controller to know the exact IdentIty of more than three radar targets snnultaneously SK”“- 
latmn tests show that a tramed controller has httle dlffxulty ,” keepug straght the xdentltxes 
of one to rhree targets 1” a” approach patter”, provided that he can see them contmuously 
These fIndIngs m,ply that >t 1s far more r”porta”t to provide a posltlve, continuous dwplay of 
aircraft pos,tmns than to pravlde a dxplay capable of showng different ldentlficatmns for 
different targets I” the approach area To avoId the confusm” whxch would result from the 
display of several ldentlflcatm” codes I” the term,“.4 area, It 1s apparent that the display of a 
simple bloomer code or of a two-pulse reply 1s m”re satisfactory for ldentlflcat,“” The “se 
of this ,dentlflcat,o” procedure would “ecessar~ly be at the dlscretmn of the control agency 
The ample bloomer code referred to LS a” Identlf,cat,o” feature whereI” the single-pulse reply 
changes shape momentarily, assuming an enlarged “r elllptxcal appearance that ca” be readily 
dIscerned This type of bloomer 1s bellwed supermr to the type pravlded I” the Rho/Theta 
transponder equipment whereI” the bloomer-code p”s,tm” results I” the dxplay of a second 
pip delayed 16 mxraseconds, or 1 l/2 m&s I” range, behlnd the aIrcraft posltmn This p1p 
1s dIsplayed when the p&t activates the commumcatmns transmitter and remains dlsplayed 
for ten seconds after the mIcrophone button 1s released Usually, the control agency I” the 
terminal area does not requre ldentlflcatm” for that length of tune The radar controller 
prefers to have ldentlflcatm” for one or two scans of the antenna and to then have the reply 
codmg released L” order to prevent confusm” and clutter It appears. for presently developed 
traffic-contra1 procedures and for traffx-control procedures under development for future use, 
that the smgle-pulse transponder reply superunposed on the radar echo xv111 satisfy the needs 
for posltmnal ~“format,“” A bloomer code whxh enlarges or changes the appearance of the 
reply momentanly or a closely spaced two-pulse code which can be requested by the radar 
controller as the need for rdentlflcatm” arises appears to satxsfy traffic-control needs If 
coding of the transponder reply offers means for developmg new traffic-control procedures, 
the” the problems of code leglb,llty and dlstlngushablhty and of lntermmgled transponder 
repl,es and radar echoes ~111 have to be consIdered and resolved 

The follow,“g aperatmnal results were observed 

1 The rehable range of posltmnal lnformat,“” IS ,“creased through “se of the transponder 
2 The effects of nulls I” the vertical patter” of the radar antenna as observed O” the radar 

Indicator are ml”m,vozd through “se of the transponder 
3 Capture effect prese”ts a serious operatmnal dxfflculty 1” areas wherel” several radars 

are operating I” the same frequency band 

7 C M Anderson and T K Vlckers. “Apphcatm” of Sm,ulat~o” Techmques I” the Study 
of Ternunal Area Traffic Control Problems,” CAA TechnIcal Development Report No 192. 
June 1953 



75 

4 Second-time-around transponder rephes which ~111 have an adverse effect “n air traffic 
control can be presented on the PPI 

5 Antenna-shzeldmg which resulted I,, fadmg or in loss of transponder reply at the PPI 
was noted whenever the arcraft reached or exceeded a 15’ bank 

6 The smgle-pulse code was found to be most satisfactory for termmal-area radar traffx- 
control purposes Intolerable PPI clutter resulted from multxple-pulse coding of arcraft 
transponder replres 11, the termmal area 

7 The use of a bloomer Identity code or a closely spaced double-pulse code appears to 
sat,sfy the need for reply ldent,flcatl”n 

CONCLUSIONS 

It 1s concluded that the Rho/Theta transponder system which mcludes the S-band-reply 
alrborne equipment would be benefzclal for terminal-arca trafflr control except I” areas where 
several S-band radars are operated Certam m,pr”vement\ to the alrbarne transponder and 
to the antennas. the TR m”d,flcatl”n kit. and rhe responsor are needed to achieve better 
equipment stability and rellablllty Data and expermnce pertammg to the system whxh mcludes 
the L-band reply airborne equxpment are not suff,c,ent to permit deflmte conclus~ans, s,nce 
the components for rnodlflcation of the ASR-2 antenna were not ava,lablc Because Interm- 
gatlo” problems of both systems are the same, conclusions regardmg the S-band reply system 
also are applxable to the L-band reply system Response-path rharactenstlcs are drfferent 
because of the dzfference ln frequency At the L-band frequency, response-path azimuth reso- 
lutl”” 1s decreased because the beamwldth of the m”dlfl?d ASR-2 antenna IS greater at the 
lower frequency The mcreased beamwldth decreases the posslbllltles that responsor 
sensltlvlty-time-control prov~sxons alone can be used to “btam the desired resolution and 
increases the need for automatic sensltlvlty control in the Ilterrogatlon path Also, at the 
lower frequency, deeper mln~ma I” the Interference-patteln lobe structure ~111 occur Large.- 
varlatlons I” the levels of signals received from the alrcraft drcrease the passlbllrtxs of 
usmg responsor STC to control the aelmnth resolution >f the d,?play of transponder replms 1s 
requred when axcraft fly through the Interference m~ruma 

Operatlrn of exther system when used I” c”n,unct~“n with the TDEC PAR-l was generally 
satlscactory The response path does not present ser,“us problems Modlflcatlon of the X-band 
preampllfler of the L-band reply transponder was requred to prevent signal-l~mltmg and 
mterrogatxx by PAR-1 antenna side lobes when the arcraft wvas near the touchdown pomt of 
the runway Tests to determme the probabllltles of capture durmg PAR-1 mterrogatxon were 
not made However. It 1s belleved that mterrogatlon capture cannot LICCU~ unless two PAR-1 
equipments or sm,~lar X-band approach radars view a c”mm”n airspace and are physxally 
located so that the arcraft fly toward both radars durmg approaches Operation durmg Inter- 
rogatlon by other PAR-1 or X-band approach radars may or may not be satisfactory. dependmg 
upon the relative power of the antenna mar” and side lobes and upon relative powers radiated 
by the azimuth and elevatlan antennas 

Use of the transponder I” areas of low S-band radar density effectively increases 
primary-radar coverage and target rehab,l,ty When the transponder ASC, IS used, the aalmuth 
resolution 1s camparable t” that “i the pnmary radar and 15 satisfactory for traffic-control 
purposes The range resolution also 1s comparable to that 01 the ASR-2 and IS satisfactory 
from a terminal-area trafhc-control standpomt 

Transponder ASC provls~ons improve the azimuth resolution and reduce the posslblhty of 
“vermterrogatlon by nonpartxlpatmg radars uhen mterrogatl”” signals from partlclpatlng 
radars are the strongest The use “f ASC Introduces the posslblllty of transponder capture by 
n”npartlc,patmg radars when the levels of the signals from nonpartxlpatmg radars are much 
greater than those from partxlpatmg radars I” the New York City area, the effects of capture 
would be serious Srgnals from trackmg-type radars are espeaally effective in bulldmg up the 
AX voltage It 1s also probable that one of several partlclpatmg radars would capture the 
transponder so that the other partxlpatmg radars could not cause mterrogatl”” In areas 
where capture would be a problem. It would be necessary to turn off ASC and to use respo”*“* 
STC to reduce the display of ground-radar antenna side lobes This ,ncreases the posslblhtxs 
of countdown and of serious decrease I,, the transponder peak power and pulse width because of 
“vermterrogat~on, especially when multiple pulses are transmitted Ir 1s possible that better 
methods of hmltmg the average p”wer of the transpond?r cou!d be used 

From data available, the use of responsor 5TC alone to ro?irol the duplay of replies to 
the side lobes does not appear to be practicable ~i”we>er, It 1s possrble that further study and 
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elrperlence would show that c”mpr”m,ses that would be “perat,“nally sat,sfact”ry could be mad= 
between the control of s,de-lobe d,splay and the rel,abll,ty of repl,es from arcraft at higher 
alt,tudes M”d,f,cat,ons of the transponder to decrease the poss,b,l&es of capture when AK 
1s used have been suggested but have not been developed “r tested Such suggestIons ,nclude 
the use of a” S-band crystal holder havmg greater frequency selectwty and the use of mod,f,- 
catlans to allow only those s,gnals from radars havmg a part,cular range “f scan rates or “f 
pulse-rep&t,“” frequencxs to act,vate the AX clrcuts 

The presence of second-time-around responses “n the sur.,e,llance-radar PPl 1s a 
source of confns~on to the traffic controller These responses may become mtolerable when 
traffic dens,t,es of the termmal and en route areas are heavy It ,s not pract,cal to reduce 
primary-radar pulse-repetltlon frequenczes to ,ncrease the range of second-tune-around 
respanses to the extent that space attenuat,on prevents ,nterragat,on or attenuates reply s,gnals 
to levels which are not v,s,ble on the PPI One solutzon of the problem would be to assxgn 
different ,dent,f,cat,“n codes to transponders ,n d,fferent volumes of a,rspace Only one code 
would be ass,gned to arcraft w,thm 77 m&s of the radar Decodmg equpment at the radar 
would accept that partxular code and would reJect s,gnals from transponders whxh are trans- 
m,tt,ng other codes and wh,ch are outs,de of the 77-m& range c,rcle Use of such a system 
decreases the number of codes ava,lable for ,dent,f,cat,on purposes and mtroduces poss,blllt,es 
of confhct when several radars have overlapprig coverages 

The Interference-suscept,b,l,ty characterlstlcs of the transponder are not adequate to 
,nsure reliable “perat,on when the transponders are mstalled I,, axcraft, partxularly when 
DME IS operated Measurements were not made to determme whether rad,at,on or conductmn 
of s,gnals from other eqmpments were greater than normally allowed or expected It ,s 
p”ss,ble that a tr,gger from the DME eqxnpment could be used to d,sable the transponder ASC 
c,rcu,ts so that DME s,gnals could not control the transponder-mterrogatlon sens,t,vxty 

The effects of arcraft att,tude upon the rel,ab,l,ty of “per&on warrant conslderat,“” 
from an operat,“nal standpomt but are not believed to be partxularly ser,“us The “perat,“” of 
other beacon systems 1s also affected by axrc-raft attrtude 

The equpment mod~fxatxons or ,nvest,gat,“ns needed to rnprove the rellab,l,ty and the 
stablllty of “per&on are as follows 

1 Reduce the attenuat,on of the transponder repl,es ,n the TR mad,f,catlon kit 
2 Improve the des,gn and the c”nstruct,on of the osclllatcr cav,t,es ,n the L-band reply 

transponders and responsors 
3 Invest,gate the frequency-stab,lzty character,st,cs of the oscillators ,n the S-band reply 

transponders and responsors and mvestvgate the var,at,ons 11, the peak power output of the 
transponder 

4 Improve the frequency-response stab,l,ty of the S-band and L-band responsor 
,ntermed,ate-frequency ampl,f,er strips 

5 Invest,gate the means to reduce the effect of stray transmitter energy upon the bias 
level estabhshed by the ASC c,rcu,ts under low mput-level slgnal condltzons 

6 Improve the transponder-trlggermg mult,v,brator c,rcu,ts so that larger varlatlons ,n 
vacuum-tube characterlstlcs can be tolerated 

It ,s understood that the characterlstlcs of the Rho/Theta transponder system are not 
compat,ble with m&tary-beacon requlremente Adopt,“n of thxs system would req”,re that 
cl”,1 and m,lltary azrcraft carry two types of axrborne equpments ,n case of a nat,onal 
emergency 

RECOMMENDATIONS 

It ,s recommended that development and evaluat,an of the Rho/Theta transponder system 
be d,scont,nued for the followmg reas”ns 

1 The A,r Traff,c Control and Nav,gat,on Panel of the AZ Co-ord,nat,ng Comm,ttee has 
recommended that efforts pertammg to the transponder be d,scont,nued and that A,r Traffic 
Co,,ttrol Beacon System havmg characterxt,cs suItable for mll,tary and c,v,l use be developed 
and evaluated It 1s understood that character,st,cs of the transponder system are not 
compatable wxth those requred for mllxtary use 
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F,g 65 S-Band Reply Transponder, Smpl,fled Blcck D,agram 

2 Results of evaluatmn work completed ~ndxate that transponder character~strcs dre ncf 
suitable for termmal-area traffx-control purposes because of the detrnnental effprts of 
capture and of second-t,me-around responses. 

It LS recommended that the followmg factors be consIdered durq development of auy 
beacon system to be used for arr-traffic-control purposes’ 

1 By eqmpment desqn or by the r.-,plementat,on of a secondary-radar system, ellmlnate 
capture and second-tzme-around problems While some degradation of anmutb resoluilon 16 
tolerable, the d,splay of beacon repl,es to Interrogating-antenna stde or back lobes must be 
held to a mr,,mnrn 
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Fig 66 L-Band Reply Transponder. Smphhed Block Dmgram 

2 Develop a means of dlsplaymg target ldenttlflcatmn that does not Introduce poss,bAtles of 
confusmn between ldentlflcatmn pips and normal radar +argets. that does not permt excessive 
overlappmg of codes on the PPI, and that does not clutter the PPI 

3 Improve amcraft-antenna designs and placement to mnnm~ze the effects of amcraft 
headme and attitude upon the rehab~hty of the mterrogatmn and response paths 
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APPENDIX I 

DESCRIPTION OF AIRBORNE EQUIPMENT 

Figures 65 and 66 are block diagrams of the S-band and L-band reply t=ansm,tte=- 
====I”== units and X-band preamplifiers As mdlcated III Fig 65, the S-band transmxttmg and 
=eCel”lng antennas are vertical quarter-wave stubs with matching transformers bult IntO the 
bases to match the antenna rnpedance to that of a RG-B/U transmlssmn lxne The receiver 
portlon of the receiver-t=ansm,tte= un,t ,s of the crystal-“ldeo type 

The r-f signal from the S-band antenna 1s detected by a lN32 crystal I,, a double-tuned 
Cavity The cavity was desIgned to have negl,g,ble attenuatmn I=, the frequency passband of 
2700 to 2900 MC and to provide attenuatmn of at least 17 db at frequencms above 3100 and below 
2500 MC Video sxgnals from the crystal are connected to the “ldeo-amplifier stages by the 
receiver selector relay, K-202, when the control-unit mterrogatmn selector sw’ultch 1s in the 
NAV posltlon The “ldeo amphfmr cons,sts of s,x stages, three 12AT7 tubes, arranged to farm 
three feedback pars 

Negative pulses from the “ldeo amplifier are coupled to the tngger clrcu,t consrstmg of 
a trigger dmde and a cathode-coupled multxvlbrator The components of the multlvlbrator 
Clrcult have tune constants of such nature that the recovery o= dead trne 1s approximately 250 
mwrosecands The dead time 1s provided to lxmt the transmitter-tube duty cycle zn order to 
prevent excess~“e plate dlsslpatmn and poss,ble damage to the tube The maxxnum theoretIca 
rate at whrch the multl”,b=ato= may be trIggered o= the transponder may be mterrcgated 1s 
4000 pps The trxgger sens,tl”lty 1s controlled by an ad,ustment of the S-band sensltzvtty- 
control potentmmeter wh,ch “a=,es the posltlve d-c voltage applwd to the cathode of the trigger 
drode 

Posltlve pulses from the trqger clrcmt are dlfferentzated by dlfferentzatmn clrcult 
No 1. and the posltlve portmns of the dlfferentmted pulses trigger delay multlvlbrator No. 1 
Undelayed negative pulses from delay mult,“lbrata= No 1 are d,fferent>ated I,, drfferentmtmn 
crrcurt No 2 and a=e fed to the mixer-lm,,te= stage The output of the m~aer-lunlter stage 
consists of poslt,“e pulses of equal amplitude and 1s applied to a regenerative driver through a 
pulse-fo=m,ng network and a wmdmg of the blockmg-oscillator transformer Posltlve pulses 
,n the output wmdmg of the blackmg-csclllator transformer are applwd to a conventional 
modulator stage havmg a pulse transformer 11, the plate czrcult The output of the pulse trans- 
former has an amphtude of approxmately 1200 volts and 1s applred to the plate of a Type 5893 
penal-trmde osallator tube The oscillator tube ,s used I,I a plate-tuned re-entrant type of 
cavity which may be adJusted for operatmn at any frequency between 2900 and 2950 MC by 
changmg the posltmn of the shcrtmg choke msxde the cavity 

The precedmg descrlptlon pertams to single-pulse response. or the transmlsslon Of one 
pulse for each mterragatmn pulse received Thu pulse 1s transmitted at a trne t0 with respect 
to the t,me that the mterrogatwn pulse ,s received A second transmitted pulse occurring at 
txne tl 1s obtamed by the delaymg actlo,, of delay mult,“~brato= No 1, and a third transmitted 
pulse occurrmg at trne t2 1s obtamed by the actmn of delay multlvlbrator No 2 For slngle- 
pulse response, the code control stage ,s cut off by the appllcatmn of negative grid bias through 
a switch in the control box The negative gr,d b,as 1s removed when the control-box swtch 1s 
set for multiple-pulse operatmn When the third pulse 1s not desired, delay multlvlbrator No 2 
IS cut off by the apphcatmn of a negative bias voltage The delay trne of each multlv~bratcr IS 
determmed by the amphtude of the posltlve, brs applied to the grid of the first section Of the 
multlwbrator Bms amplxtudes are selected by the code-selector switch III the control unit 

When the code-selector switch 1s set to pasltmn A o= 2, the code control stige 1s cut Off 
except when a relay 1s closed, thus groundmg the grid This relay 1s closed when the radro- 
commumcat~on mxrophone button 1s pressed The code control stage continues to operate fO= 
appraxlmately ten seconds after the nucrophone button 1s released because of the large tune 
constant of a resIstor and capaator m the grid clrcult connected to the negatxve-bras supply 
clrcult The t,me constant 1s such that approximately ten seconds 1s required for the capacitor 
to acquire a negatxve charge sufflcmnt to cut off the stage The code obtamed by the addltmn of 
the second pulse “,hen the mxrophone button 1s closed has been ldentlfled as the bloo==.e= code 
The Identtlflcatron codes avalable a=e g,“en in Table XIX 

When the NAV-LAND switch 1s 1x1 the LAND posltmn, the video-amplrfrer InPUt Cl=Cut of 
the receiver-transmitter un,t 1s connected to the output of the X-band preselector through 
contacts on relay K-202 and on the “ldeo coaual cable The X-band antenna, the P=eselecto=, 
and the preampl,f~er are connected together mechamcally to avald loss of r-f sIgna that would 
OCCU= If longer lengths of wa”egulde o= transmzssmn lme we=e used The preampllfler contams 
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Code Letter 

A 

A (Bloomer) 

B 

C 

D 

E 

F 

z 

Z (Bloomer) 

TABLE XIX 

IDENTIFICATION CODES 

Number of Pulses TransmItted for 
Code-Selector Switch Settmg of 

NAV LAND 

1 1 

2 1 

2 1 

3 1 

3 1 

2 1 

3 1 

1 1 

2 2 

Spacmg Between 
AdJacent Pulses 

(mwroseconds) 

-- 

lb 

lb 

lb and 32 

32 and lb 

48 

lb and 16 

-- 

16 

a lN23B crystal, a wdea ampllfler, and a cathode-follower stage The ampllf~catmn of the 
video signals m the preampllfmr reduces possible determratron of the sIgnal-to-noise ratlo 
due to noise that may be plcked up by the wdeo transmxsmn lme 
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The X-band antenna 1s a horn-type antenna which receives horIzontally or vertically 
polarized energy One preclslon-approach-radar antenna 1s ho=~aontally pola=lzed, and the 
other 15 vertically polarized It was des,gned to have a m,n,mum vertxcal-pla,,e bea,%rrdth 
of i20’ and a mmumxn hormontal-plane beamwdth of f45” The antenna 1s mounted m the 
*O*e Of the aIrCraft So that the equipment may be mterrogated by precwan-approach radars 
when the aIrCraft 1s approachmg the Instrument runway A tnple-tuned waveguIde filter ,s 
mserted between the antenna and the preselector to mt=ease selectlvlty The filter was 
deslgned to have a negllglble lnsertlon loss over the frequency band of 9000 to 9180 MC and to 
provide at least 50-db attenuatmn of signals below 8400 and above 9000 MC 

The most unusual feature of the alrborne equpment 1s the noise stablllzatmn and ASC 
Clrcmtry The purpose of the ASC clrcmts IS to m,p=ove the az,muth =esolutmn and to prevent 
lnterrogatmn by side lobes of the mterrogatmg-radar antenna The ASC c,rcults develop a 
bias voltage to control the mterragatzon sensltlvlty The bms 1s applwd to the grids of the 
first and third video-ampllfler stages In the receiver-transmitter umt and to the video- 
ampllfler stage ,n the X-band preamplifier The bias level set by the ASC clrcmts at any 
Instant depends upon the power level of the strongest pulses most recently received, the rate 
at which the pulse trams are rece,ved, and the rune constant of the ASC cucut When signals 
a== received from one radar, such as an ASR-2, the b,as IS determmed by the level of the 
sxgnals from the main lobe The carrespondlng bias establlshed by the ASC crrcmt reduces the 
video-ampllfler gam so that slgnals from the antenna side lobes, havmg levels approximately 
20 db lower than mam lobe signals, ~111 not trigger the transponder Actually. the ratm of the 
level of the weakest signals that cause mterrogatmn to the level of the strongest signals that 
establuh the bms var.es with the level of the strongest szgnals The ratm 1s gseater for 
hzgher bias values 

Figure 67 IS a schematic dzagram of the ASC clrcwts The “Idea output of V-203B 1s 
connected to the grid of V-205A whxh IS operated as a phase-sphtter stage Negative signals 
at the cathode are connected to the anode of the serres-Imuter dmde CR-204 The dmde 1s 
conductwely blased by the voltage drop across reslstor R-218, and it lxmlts the negative srgnals 
to a level above the normal noise level >No,se voltages are *e&fled and flltered by rectifier 
CR-203, reslstor R-226. and capacitor C-217 The output of the filter 1s applied to the grid of 
V-ZObA, the ASC amphher stage The bwis of V-2ObA can be varied by adpzstment of poten- 
tmmeter R-230, which 1s a noxe-level adJustmeat control The d-c voltage at the grid of 
V-20& controls the voltage at the plate of thu tube which 1s connected ta the cathode of dmde 
V-207A If the cathode potentml 1s more than one volt negative w,th respect to the cathode of 
V-20bB, capaator C-219 wll be charged negatwely by conductmn of V-207A This increases 
the negative grid bias of V-20bB. whxh decreases the current m cathode reslstor R-232 and 
mcreases the negatrve bias applied to the gam-control tubes V-301A. V-2OlA, and V-202A 
The potentml of the V-20bB cathode 1s negative to the ground because of the negatxve voltage 
whxh 1s ac=oss reslstor R-279 and whxh 1s developed by the voltage dlvlder connected to the 
-150-volt d-c power supply Increasmg the negative bias reduces the gam of the video-amphfier 
stages and reduces the rertlfled noise voltage at the grid of V-20bA Reductmn of the *e&fled 
noise voltage mcreases the voltage at the plate of V-20bA so that V-207A IS cut off and the 
2-mfd capacitor C-219 dzscharges slowly through the IO-me&m resistor R-231 Discharge 
of C-219 decreases the negative grid b,as of V-2ObB and rncreases the current in R-232 m the 
cathode cucmt This reduces the neg&ve voltage applied to the grids of the video ampllflers 
and mcreases the video-amplxfzer gam The clrcults tend to malntam a constant noxse voltage 
at the output of the video ampllfler A small change m the n0x.e voltage can cause a large 
change m the “Idea-amphfler gam because of voltage ampllflcatlon by V-ZObA, the ASC 
amphfler tube The ampllfxatmn mcreases the stabllmatmn of the gam or nmse output 
AdJustment of potentmmeter R-230 adjusts the gam of the vldea amplifier, because a small 
change m the bras applred to V-20bA corresponds to a change In the rectlfmd no~?,e which 
depends upon gam 

Pulses m the plate clrcuxt of V-205A are posltrve and are fed to the grid of the ASC 
detector V-205B Normally, V-205B 1s bmsed beyond cut-off by means of the voltage-dlvlder 
network composed of R-224 and R-237 and connected to the -150-volt d-c power supply 
posltlve video slgnal~ havmg suffuzent amplitude cause V-205B to conduct and to charge 
capacitor C-217 The posltlve charge, which 1s connected to the grid of the ASC ampllfler 
V-rObA, causes the plate patentral of V-20bA to decrease so that capacitor C-219 1s rapIdly 
charged I,, a neg.&w dIrectIon through V-207A Thus, the negatzve bias of the video ampllfler 
IS Increased and the gun 1s decreased Because of the ASC a&on, the amplitude of the 
strongest video pulses rece,ved 1s stabllmed at a value Just below saturation Video Slg*als 
that are too weak to cause canductmn of V-205B have no effect upon the video gain When the 
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ASC 1s turned off by the control-nmt swtches, the ASC detector ,s bIased neg&vely to such 
an extent that signals havmg saturatmn amphtude cannot cause conductmn or affect the 
uldeo-amplifier bms 

A gate 1s apphed to the ASC detector V-205B durmg the transm,sslon of pulses to 
prevent a bmld-up of wdeo-amphfier bms voltage and a reductmn of video-amphixr gal,, due 
to stray couplmg of transmitter energy Into the wdeo ampllfvzrs 

Interrogation sensltlvlty 1s determmed by the settx,g of the X-band and S-band sensltlvlty 
controls The settmg of these patentmmeters determines the posltlve-bms voltage applied to 
the cathode of the tngger dmde and thus establishes a minrnarn trlggermg level for the negative 
wdeo pulses The controls are mounted on the front panel of the receiver-transrmtter umt 
Durmg bench and fhght tests, the controls are adjusted to allow n~lse peaks to trvgger the 
trlggerrng multlvlbrator at the rate of apprcwmately two triggers per second This actmn, 
sometnnes referred to as “squtter,‘l may be manltored by headphones plugged Into jack J-207 
winch 1s connected to the cathode of the multlwbratar Interrogatmn of the transponder by a 
radar can also be detected by use of headphones A tone havmg a frequency equal to the radar 
pulse-repetltmn frequency 1s heard when the multlvlbrator 1s tnggered by the radar signals 

The L-band reply transponder was also developed and manufactured by the Westmghouse 
Electnc Corporatmn It was delivered before the S-band reply transponder Generally, this 
equpment 1s su,,&r to the S-band equpment wluch has been described, except for reply 
frequency and ldentlflcatvan codes Hard-tube modulators are used in the S-band reply equp- 
ment to ehmlnate trouble expenenced mlth thyratron modulator tubes I,, the L-band reply 
equpment Figure 66 1s a block dmgram of the L-band reply transponder 

The reply frequency of the L-band reply transponder 1s 1375 Mc The transmitter cawty 
may be tuned for operatmn at any frequency between 1372 and 1378 Mc The code-selector 
switch has three posltmns, A, B, and C A smgle pulse 1s transmitted ,n reply to each mterro- 
gatmn pulse when the code-selector swtch 1s ln the A pos~tmn For B posltmn, two pulses 
spaced 16 microseconds are transmitted when the pilot presses the r&m-commumcatmn- 
transm,tter mxrophone button, and smgle pulses are transmItted when the mxrophone button 
1s released When the code-selector switch 1s turned to pos~tmn C. the responses are the 
same as for po.xtmn B except that transm,ssmn of the second pulse continues for approximately 
ten seconds after the communlcatlon-microphone button has been released 

Add~tmnal mformatmn regardmg characterutlcs and operatmn of S-band and L-band 
reply transponders IS available in mstructmn books supplxd by the contractor 839 

APPENDIX II 

DESCRIPTION OF RESPONSORS 

Figure 60 1s a schematic dxagram of the S-band and L-band responsors The r-f pre- 
selector 1s composed of three coupled cawt,es Couphng mto and out of the end cavltles 1s 
accomplxhed by means of loops Each cavity 1s tuned by varymg the length of the quarter- 
wave conductor ln the cavity The tunmg screws are ganged so that the cavltles may be tuned 
by adjustment of one tumng knob The cavity tunmg screws can be duengaged from the gang 
mechamsm so that the cavltws can be tuned ,ndlv,dually The preselector bandwidth IS greater 
than 15 0 Mc for responses 3 0 db less than the passband response A coaxial cable 1s used to 
connect the preselector-output cavity to the r-f mrxer 

The local osallator IS a cavity-type oscillator Adjustment of a screw on the front panel 
of the responsor va~les the length of the resonant cavity and of the operatmg frequency The 
oscillator output 1s capac~twely coupled to a Type N output connector and 1s fed to the r-f 

4 Handbook of Service Instructmns for R-Theta Transponder (L-Band Reply),” published 
under authority of the Air Force and the Chef of the Bureau of Aeronant,cs and approved 18 
October 1951 

98, Instructmn Book for Rho/Theta Transponder MOD II,” Air Nawgatmn Development 
Board under Bureau of Aeronautics Contract NO a(s)-12186, 15 August 1952 
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F,g 68 L-Band or S-Band Responsor, S,mpl,f,ed Block D,agram 

m,xer assembly by means of a caan,al cable A 2C37 planar trmde ,s used ,n the L-band 
cavity. and a 5675 penc,l trmde 1s used ,n the S-band camty The osc,Uators in both rece,vers 
operate at a frequency of 60 Mc above the center frequency of the r-f passband 

The m,x,ng of the r-f preselector and asc,llator outputs occurs I,, a coaxial-type m,xer 
conta,n,ng a Type INZlB s11,con crystal diode SlgnaIs from the preselector are connected to 
the crystal through a sleeve transformer. and the oscillator s,gnals are capac,t,vely coupled 
to the crystal The m,xer output 1s connected d,rectly to the ,-f str,p by a Type BNC connector 

N,ne stages of amphficatmn, Type 5654 vac~urn tubes, and the second detector are 
mcluded ,n the 1-f ampl,f,er str,p assembly The bandwidth ,s attaned by stagger-tun,ng three 
sets of tuned ampllf,ers at frequenc,es of 52 5, 60 25, and 68 5 MC The gam of the amphfiers 
,s approx,mately 100 db, and the gal,, of the 6-db bandwIdth 1s apprxanately I5 Mc Sensltzvlty 
of the ,-f stnp ,s manually controlled by the adJustment of a potentmmeter whzch var,es the 
negat,ve b,as appl,ed to the gr,d of the f,fth ampllfer stage The manual sens,tlv,ty control ,s 
mounted on the front panel Sens,t,v,ty tune control ,s prov,ded by negative pulses wh,ch are 
appl,ed from the ST‘ c,rcu,ts to the gr,d of the fourth stage The ampl,tude of the negat,ve 
pulses “axles with t,me ,n a predetermmed manner T,me ,s related to the pr,mary-radar 
tr,gger pulses so that the 1-f ampl,f,er gam at the Instant that transponder replres are rece,ved 
depends upon the d,stance of the arcraft from the prnnary radar 

Negatwe v,deo pulses developed ,n the second detector-load c,rcu,t are connected to the 
gr,d of a v,deo ampl,f,er The pos,t,ve-pulse output of th,s stage 1s connected to the vtdeo- 
output stages and to the cathode of the d-c restorer The output stages are ,dent,cal, and each 
stage ,s connected to a separate output receptacle Type SO-239 Polar,ty swtches mounted on 
the front panel allow selectmn of a pas,t,ve or negat,ve pulse output at each receptacle 

The sens,t,v,ty-time-cantrol (STC) sectmn develops a negat,ve pulse wh,ch ,s apphed to 
the gr,d of the fourth ampllf,er stage to vary the gam dur,ng each range sweep of the prrmary 
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F,g 69 Block D,agram of Wide. Dynam,c-Range, Vtdeo-Recordmg. Ampl,f,er 

radar The ga,n ,s reduced at the start of each range sweep and ,s allowed to recover to ,ts 
normal value at a predetermmed range or tune wth respect to the pr,mary-radar tr,gger 
wh,ch ,mt,ates the negatwe pulse The normal ga,n ,s determmed by the settmg of the manual 
sens,t,v,ty control The t,me that elapses between the pr,mary-radar tr,gger, the mterrogatmn 
of the transponder by the pr,mary radar. and the receptmn of transponder replies depends 
upon the arcraft range Because the responsor gam var,es ,n time w,th respect to the radar 
trqger, It als,, var,es w,th range 

Ideally, the gun durmg the range sweep 1s controlled ,n such a manner that the responsor 
vrdeo output has constant amphtude regardless of the range of the a,rcraft Under these 
cond,t,ons, the mtenszty of the transponder rephes presented on the radar md,cator 1s constant 
for a11 a,rcraft ranges Also. under Ideal cond,t,ans, the responsor manual gun control and 
the responsor STC can be adjwted so that transponder replres to mterrogatlng-antenna stde 
lobes w,ll not be dIsplayed, regardless of the arcraft range The stde-lobe responses of some 
a,rport-surve,llance-radar antennas are at least 20 db below the ma,,,-lobe response If a 
common antenna ,s used for mterrogatmn and for receptmn of transponder repl,es and ,f the 
antenna horzzontal pattern IS the same at both frequencies, the responsor ga,n can be controlled 
so that the ma,,-.-lobe responses ~111 be vls,ble and so that the weaker side-lobe respanses ~11 
not be v,s,ble The STC sectmn of the responsor cons,sts of a tr,gger-l,m,ter ampl,f,er, a 
PAR STC sectmn, an ASR STC sectmn. and the STC output and d-c restorer c,rcu,ts 

The STC OFF-ASR-PAR switch on the front panel d,sconnects the STC c,rcu,ts from the 
1-f str,p when the STC sectmn IS not deared, or ,t selects the output of the ASR or PAR sec- 
tmns When the sw,tch ,s turned to the ASR pos,t,on the ,mt,al amplitude of the output pulse 1s 
determmed by the settmg of a potent,ometer. and the start of the pulse can be delayed from 12 
to 17 mxroseconds w,th respect to the tr,gger pulse by adjustment of a second potentmmeter 
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A th,rd potentmmeter was prov,ded to control the t,me requred for the amphtude of the 
negat,ve pulse to return to zer” and thus the t,me requred for the responsor ga,n to ,ncrease 
to normal value 

When the STC OFF-STC-PAR sw,tch ,s ,” the PAR pos,t,o” the ,n,t,al ampl,tude of the 
STC output pulse ,s determ,“ed by the sett,ng of a potent,ometer, and the start of the pulse can 
be delayed from 1 8 to 7 0 mrcroseconds w,th respect to the tr,gger pulse by adJustment of a 
second potentmmeter R-233 Operatmn of the PAR STC c,rcu,ts IS s,m,lar +a that of the ASR 
STC clrcu,ts Components were selected so that normal gal” ,s restored apprcx,mately 180 
m,croseconds after the end of the delayed tr,gger pulse Chargmg capacitors and assoaated 
components were selected to change ga,n at a rate wh,ch follows the ,nverse square of range or 
of t,me 

Addltmnal ,nformat,cn regard,ng character,st,cs and operatm” of the responsors ,s 
ava,lable ,” rnstructmn books suppl,ed by the co”tractor.1° 

APPENDIX III 

DESCRIPTION OF WIDE DYNAMIC-RANGE VIDEO AMPLIFIER 

F,gure 69 ,s a black d,agram of the w,de dynam,c-range wdeo ampl,f,er constructed at 
TDEC and used to determ,“e s,gnal levels durmg fl,ght tests The un,t contans an ampl,fier, 
a compressor, a phase ,nverter, a peak detector, a cathode follower, and d-c restoratmn stages 
requred to prav,de a useful dynam,c record,ng range of appraumately 52 db However, the 
crystal detector ,n the transponder has nonl,near character,st,cs so that radar s,g”al-level 
vanatmn from 0 to -35 dbm ,s the max,mur,, range that can be recorded The ga,” of the 
ampl,f,er ,s such that the output 1s 1 volt when the ,nput ,s 3 m,U,volts and the output 1s 24 
volts when the Input ,s 1.25 volts The output m,pedance ,s 270 ohms, so that the ampllfler can 
be used to dr,ve one pen of a Brush Development Co Model BL-202 d,rect-wrlt,ng magnetic 
asclllograph 

The detector output IS proportmnal to the peak ampl,tude of the ,nput pulses The time 
constant of the c,rcu,t ,s adJusted to ,ntegrate short ser,es of pulses obtamed when an ASR 
antenna sweeps by the a,rcraft 

y’hen the transponder repl,es to a radar the transmitted energy ca\lses deflectmn of the 
record,“g osallograph, and no measurement of the ,nterrogatmg-radar level 1s possrble The 
gatmg c,rcu,t 1s mcluded so that a pulse from the transponder modulator can be used to disable 
the ampl,f,er dur,ng transm,ss,an permds The blank,ng prav,s,cns were not avalable dur,ng 
tests ,n the New York C,ty area One of the transponder trlggenng tubes was removed durmg 
s,gnal-level measurements to d,sable the transmitter 

IO,, Instruct,“” Book for L-Band Rece,ver or S-Band Recaver,” approved 26 May 1952 
by Navy Department Bureau of Sh,ps Contract N06sr-49232 


