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incrcamcd.  Wlth  thr  incrcamed  rate.  whlch  almulnlud nn Incrcroing  number of ground  units,  the 
dimplaycd cluttcr  lncrcaacd  to  the point where lhw autvrnstic  overload  control  went  into  action. 

wormt whsn  the  indiculur wna awltchsd to displry  raw  video.  Operation of the  decoder  resulted 
Beyond t h l ~  pulnt  the  cluttcr  dld  nut  increea~.  but  i t   becnms  mors  irregular.   The  clutter wan 

in a marked  rvduction in cluttur. 

INTRODUCTION 

Pr io r   t o  1954, thc  Alr  Navigation  Dcvelopment  Board  dcvaloped  and tamtad  two  mccondnry 

munications  Electronic  Committsa  forwarded  to ANDB the recommended chnractcrlmticn of 
rador  syatcma  employing  intsrrogation by pr lmary   radar .1  In February  1953. the  Joint Com- 

an  L-band  secondary  radar  uystem  which  would be compatiblt  with  certain cwiatlng mili tary 
squipments.  The  system W U H  built  in  accordance  with  thcsa  specifications  by  the  Navy  Bureau 
of Aeronautics and Bureau of Ships.  It  was  delivarsd  to  tha  Technical  Development  Csnter  for 
evaluotion In accordance  with ANDB Projec t  6.2.4.  

Airborne  Instrumento  Laboratury. Eystmm oprrstionnl tcvtm in thu TDC Airwaya Opmrntiuna 
Evaluation  Center. mnd aervirm-snvirunmcnt tmuting at  five lnatallatlonm in metropolitan n r u r s .  

further  dcvelopmcnt of thim syatam.  The  Committce wan comprised of representativea  from 

Aeronautical  Radio,  Inc.  In  order to mtudy the  operational  importance of somc of tho  character-  
thc CAA; D c p a r h c n t a  of the  Air   Torcc.   Army,  and  Navy;  the Air  Tramport  Aamoclatlon~  and 

lntlca of thc aymtcm (capccially  ground-antenna  apcrturc)  prior  to  making  certain  dccislons  on 

Commlttcrr,  aamialed by traffic-control specimllstm nnd engineers of this Center,   arranged  for 
cqulpmcnt  to he procured  lor   the  f ive mcrvicc-test  inatallationm,  Working  Group  No. I of that 

the  limited  operational tvRt8 which were  cmrrhd  out at  Indinnapolio on Jnnuary 17 and 18. 1955. 
The  rcsul ts  of t h e s e  tests,  which  consinted of typical  terminal-arsa manItuvRra by th rcc  CAA 

The  results  obtalnnd during thr t w u  teat  dayn  wcrc  mupplcmcntad  by  conmidarable  additional 
s t rcrnf t   and five aircraf t   f rom  Wright  A i r  Dcvclupmcnt  Centc'r.  nrc  described  in thim repor t .  

testing  to  lnvestignte  csrtain aapcctm of the tcut remultm. 

Evaluation  plann  for thin mystem included  equipment  and  system tent.  at.  TDC and at tho 

In Augumt 1954, ANDB formed  Advlaory  Comrnittcc  No. 2 to   plde  the  evaluat ion ond 

GROUND EQUIPh4ENT 

A simplified  block  dingrum of thc  intcrrogator-responsor  units snd .thn mssocistsd  radar 
inatallation is uhown in Fig. 1 .  The  9-loot  antenna, ANDB Type 2.3NS2, waa  mountad  on  ita 
pcdcmtal  and was Installed on a frce-atnnding  tower as shown  in F i g .  2. The  rotation uf thiE 
antenna warn Elavad to the ASR-2 mtennn  through a follow-up  servo  system.  No  psdemtal wan 
availnblc  for  the IO-foot  Hntanna. ANDB Type 2.3NS3; thcrafore.  thts  antenna warn mounted 
directly  on  the  A-frame of the  ASR-2  nntcnnv om shown  in F i g .  3 .  

new type  decoders, math indlcntor  was  equipped with a N a v r l  Research  Laboratory  decoder  to 
Two  Navy  SPA-8  indicrtor. w u r t  inmtallcd in  the  radar  room.  0nc.susr of a mhortagc 01 

provide  comprrmblc  diaplnys. The NRL  decoder  utilizea  only rodem whlch  have  pulses  11.4 
microseconds mgurt lnatcmd of the  20.3-micronecond Ppacing which im used  between  thr fram- 

became  svallahlu nnd waa  connected  to  on# of tho indicnlura. The ANDB decoder wua a c d  
ing  pulrra of thls  ayatcm.  On  Jsnusry  10,  1955, n ncw typc of decoder. ANDB Type 2,3NS4AA. 

during  lhc  lat ter  part  of the t s n t a  to dsrnonmtratc  thc  apecial  coding  featurPa  which w i l l  be 
availabls in the  common  system. 

system.  Trichromatic  l ighting wsn inotullcd to provldc  odequats  desk.light  without dcbamlng 
A cuntrul dcEk w s built  to  mccommodate tho twln dinplays  and thH communicntlona 3 

Thcta  Tranmponder  System,"  Technical  Development Report No. 229. Junc 1 9 5 5 .  
'Davld 3. Crippen.  Jossph E.  Hcrrmann,  and  Marvin H .  Yeul ,  "Evnluntion of the Rho/ 

Imrnpm red,  blue,  and green) which  provided  an  nppnrently  whltc  ambient  light  in tho room. 
The E O  I ors   were  obtalncd by filtcrm  covering  each  fluoreaccnt-lamp  tube.  The  light  vriglnatcd 
from a standard  throe-lamp  fixture  mounted  near  thn  cslling  behind  the  rador-display  cabinsts. 
Short  hoods  were  provided  ovcr thc front of the  display to rsduca or t l imlnate  direct   i l lumina- 
tion on the display  scupse, m n d  the  ncopes  were  equippsd  wlth  umber  flltar6.  Becauns  tho 

filtmra  prtmerved the picturs  conlramt un the mcops faces.  
illumiruttion  actunlly wan deficiant in thc  ycllow-orange  portion of thQ rnpuctrum, the umber 

'This  trichromntic  llghtlng  ayatcm  utilized a cornbinntlon of three  colored  fluoremcant 
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F I E .  1 S h p l i f i a d  Block Dimgram of Equipmant  Layout 
fo r  Sacondaky Radar-Symtsm Damomtration 

tho radar  pictura.  Ovsrhsad. a movia camera waa tnstallsd to racord-tho  displays on both 
indicntora. F i g .  4 illuqtratss  the  layout of control-room  squipmant uasd during thoas 
cornpariaon taatm. 

F i g .  2 Inrtallmtion of 7-Foot Ground  Antsnru 



&mh 
Flg.  3 Beacon Antennas  lnmtallcd  on ASR Tower 

d%!m 
Fig.  4 Control Dcmk, Radar Indicstoru, and Camera Installation for Cornpsriaon Tmnto 
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Modificationm. 

becorns  effective  for thw f i r u l  a i x  mlcroucconds  of  each .weep. This  cunditlon  raaulted  in a 
dinplsy uf a11 alde  lobed at   ranges of lesm than one-half mile.   I t  wma corrected  by  wiring 

In addition.  the  STC curvrm ncccaaary  lor  proper  side-lobe  nupprcoulon were  not  obtainable 
chnngas In the STC clrcul t  to accure full STC  action bsfurc tho  awccp  atarted at zero range. 

with  the  adjuatmcnt.  provided.  For  this  reason, it warn noccaanry  to modlfy nnvHru1 r c P I m t O t  
values  in  both I-R units  before  the  demonstration. 

The  ground  decoders  required s vldno  alpal-to-noise  ratio  of  4:l  for  proper  operation. 
The SPA-8 radar  indicator-  could no1 accept  this  ratio,  however,  without r x c c n s i v e  "blooming" 
when  raw  video warn selocted f u r  plmn-pooilion Indlcotor  (PPl)  display.  This wna corrected  by 

umplifier.  Thin change WHO muds on both SPA-8 indicators.  
reducing  the  screen voltsHo uf a vldrro-amplifier tube so that  it bsc.amc n llmlting-type 

The  esnmltivity-timc  control (STC) in  the  receiver of thc originnl 1-R equipment  did not 

TESTS AND RESULTS 

Fllfiht  Mnncuvers. 
Alrcraft  operstionn  conducted  durlng  the  flight tents included  the  following manL'UvCrb: 

Phase  Maneuver 

Shudow Effecta  Holding  pstterna. 360' turns  ut  various  rntca, 
sltiludco, nnd locations.  

Dccodcr Garble 
(Two  sircrnft)  

Converging.  diverging.  coinciding. nnd overtaking 
courses   on hsndlngm radia l  to and tsngcnt  to  the 
ground  antenna. 

Decoder Garble Four o r  more a l rc rnf t  mtacked in a one-minute 
(Mul t ip le   u i rc rd t )  holding  pattern. 
Vectoring PPI approachnm.  approach-spacing  operation., 

and  vector  upproachsa  from  holdinp  pntterns  to 
l oca l i ze r   t ou ra t .  

Slant  Rnnge  Flightr ucrom. statlon at highent  practlcable 
rltltudcm. 

The  more significsnt  reaults of these temtu aru Included  in thw following  discussion. 

Antennm Shadow. 

the a i r c ra f t .  A11 a i r c ra f t  engsglrd I n  the t e a t s  were  equipped  wlth  belly  antsnnru  which UsURlly 
occurs  whsn  the nlrborne mntnnna I s  ahndowed  from  thc  intcrrogmtion  signal  by Yome portion of 

wmrc Phadowed by  thn  wing whmn the  aircraft  wsu bunked in a direction  tuwnrd  the  ground 
atntion.  Thus.  tmrget fudem umually occurred when the a i r c ra f t  W L O  on  the far aide of a c i r c l e  
or on the  outer  turn of Y holdlnfi  pattern.  Thio pffact i m  i l lust rated in Flg.  5 .  

9-foot  and  18-foot  nntvnnas.  Occasionally.  however,  when the nlrborne  antsnns wnm partially 
mhndowed, the   t a rge t  would fnde on one indicator nnd atill  would  be vlmlble on  the other, It is 
bel l tved  that   th is   di f fcrance warn due to vmriutlom in the  lobe  atructure of the  ver t icnl   pat terns .  
because  the two I-R nnlcnnnm were mounted  nt  different height. abovc the  ground. I t  wam pos- 
alble,   therefore,  for nn nlrcraft   to  be in the lobe of one pattern  and In the  null  of  another 
almultsveouuly. Thin effect  in  uhown In F ig .  5 .  

anglm of bank  and  the snglm of elevation  of thm aircrmft nbove the  horizontal  plane of the Kround 
r n t e m n .  Lower bank angles and  higher  elevation  angles  tended to rcduce the shsdowlnfi  effect. 

Decoder  Garble. 

mys'tem uf thib  type  can  occur when two o r  more transponder-equipped  aircraft  approach  each 
other  wlthln one beam  width in ndmuth  nnd one  pul#.-train  len&h  in  rnngc ( 3 . 3  n m  in thio 
system). The  resulting  condltion 1. known a n  dscodur  gorble.  The  actunl  effects on the  display 
depend on lha way the  decoder  awltche.  shown  in Fig .  b a r e  set. To  undcrntand  thnse  effect., it 
is deuirnblc firmt to reviow Lome of the  bsnic  opuratlng  princlplsn 01 the  system and decoder. 

Pilotn werm instructed  to fly a norlcm of 360' turns  to  darnonatrate  the  targel  fading  which 

There  warn no slgnlflcant  differnncm In the  shadow  offscta  obncrved  on  tho  dlaplaya 01 the 

A a  mlKht be  expected,  the  extent of ahadowing  depended on the  relstiunmhip  between  the 

Some of the  most  lntcraating  phenomena  connected  with  the  operation of s ancondary  radar 
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BUCCCBBIVC BCANs W 18-FOOT AYTLHNA DIBPLAI I H 0 1 1 N 0  
TWO AIRCRAFT TAROLTB  IN  HDLDlHZ  PATTIRH  OH1  TAROLT 
FADE1 OUT DVRIYO TURN T H I N  LA?PCARU IN L A l T  ? I C T U M  

-. . 

Flu. 5 Antennu-Shudow Effecta 

repl ies  t.o thesn  intcrrogationa  by  tranarnitting  groupa of four  pulses,   spaced in accordoncc  with 
one of the  ten  cudsu  shown in F i g .  7B. In eoch group  the  firat  and last pulsea, known am the 
frnminH  pulsrrr. a r e  npnccd 20.3 microseconds  apar t .  

Decodar  Off. 

darodcr  and appsor  directly on the  indicnlur UP four nlomely npacad bllpm lined up rudlnlly. 
When the dimplny i a  Bwitrlhsd to dlmpluy raw vldco,  the  iqur-pula?  groupa bypaam tha 

When decoder  garble  occurs  in L rsw vidnu  prmnsntutlon. thm blips  Pimply  plla up on curh other  

~ C C V U H C  of i t n  c lut tsred  appssrance and bmrrusn of the  difficulty In dutcrmining  the  cxact 
UP ahown in Fig .  0 .  This type of dinplay i n  undatvirublw for tarrninul-arco  traffic-control u n e  

poaltlonm of the  alrcrnft   concerned. 

Decoder on "All-Aircraft"  Pouitlun. 

dealred mignals are  forwvrdrrd to the  indicator.   This i m  accomplimhed  through the use  of a delay 
llnv und n coincidence  circuit HP ahown  in F i g .  7. Whun thc  decoder i n  operating  with  the 
ul l -a l r r ruf t  mwitch ON, sll r m w  vidso sianvls urn fcd tu u coincidence  detector  throuuh a 
20.3-microsecond  delny  line  in  Furullvl with un undulnycd  channel. Thlm detector i b  demigncd 
to paas a single pulme ench  time a pulas  from thlt d-luyud llnc rcat:hea it nlmultancously  with 
a pulse  from  the  undelnyrd  channel. Bccuuma the  uircraft-framing  pulnes n r c  spaced 20.3 
microseconds apnrt. the  luet   puhu Ln an undclaycd group  wil l   arr iva  a t   the   detector   s imul-  
taneously  wlth thm f i r a t  pdwc of thc  delayed  group. When this coincidsncs occurs. n winale 
pulne is pvvand to  thc  lndlcator  whcrc it is displayed ns a single  blip a* shown in  Fig. 9. 

The  ground  unit  transmits  poira of pulsea spaced ao shown in Fig.  7A. The  airborne  unlt  

The  prlmary  function of thc  dvcodcr i a  to  reject  the  unwanted  returns s o  thrt  only  the 
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Fig .  6 Control-Pmnel Functions for ANDB Decoder 
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Fig .  1 Codaa Used in Secondary Rndnr Symtcm 

Fig.  8 Rnw Vidao Prcacntatlon 
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RADAR VIDEO 

DELAY L INE I 
IO.3 Y l C R O l E C O l D l  c 

C O I Y C I D E N C I  + n UNOLLAYED  DETECTOR 
MIXER 

nAw VlDLO 
CHANNEL 

*LOOK DIAERAiy O F  DKOODEll 

EIN(ILL DLlP 
P R E I L N T A T I O N  

Flu. 9 Functlon of Ducodcr in All-Aircrnft  Ponition 

Whrrn replieu mre being rrrcHived f rom two or mor,: nircrmfi.  wilhln 40.6 microuccondu 
( 3 . 3  nm of each  other  in rnngm). cr>incidence cnn occur  beiwsen  vnriuun ulbcr pulsvu in lhv 
K ~ O U P H  WoirrK lhrough thu Imdelnymd und dclryed  chunnnh of lhw dccodcr .   Each  t lmc much 

Am shown in Flu. 10. a uinH1e: apurioua  lnrgct cnn occur between  gcnuina  targets  when  the 
coincldencc U C ~ . U T H ,  Y pulan IH ~ L Y H I : ~  Lo lho indicalnr  wherc i l  uhuwa up *a a Epurioum ta rge t .  

the u m e  code arc  1.65 nm (20.3 microsecond.)  apart,  all  four  delayed  pulses  from  the first 
a i r c r a f t   a r c  at vurioua  lncrcrnents oi rnngc within 3 . 3  nm of each  other.  When nlrcraft  on 

aircraft  culncldc  with  the  four  undelaycd pUlPCS from  thc  second  Aircraft,  producing t w o  false 

W C P H  photographed during the  flight t H Y t s .  
turgcta  bctwccn Lhc two Ecnulnc  targcts.  Flgurc 11 ohows a number of these  effects  which 

Dccoder  on  "Selected-Code"  Position. 

targets  uaing  the  other  codes  is   sccompllshed  through  the us- of u dc lcutur  which  rcqulrma 

the  delny  line is  topped nt. i.9-mic.rou~cond  dmhy  inlvrvnla  cmrrcapondlng  to  each of the pou- 
coincldence of all   four  pulses before any output cmn be   pHsod  tu  the indlcator.  In thla circuli, 

Hiblo pulse  ponii.ionn.  Turning  lhe  code-uclchir uwllch to  the  desired  code  position  connects 

selacted  code.  When u group  of p u l e e ~  enters the  dvlay  linn, it cmcrgca  a t  the? different  tap. a t  
cer ta in   taps  to  the  cuincidencs dmtHc1or. Theuc tnpa corrcapond  to  the  pulse  positionn of the 

different  times,  depending  on t,hc nrnuunl of dwlny i t  ra:rwiucm on each  path. If the   four   pdaes  
of the  group  are  spnced  cxnctly  in  nccordnnce  wilh the pulme poflitlona of the  aclected  code, 
colncidencc of a l l  four  pulses  will   occur.   Normxlly,   when lhin u11cur8, H pulac  la pnmacd to  the 
modiflcr  whlch adda a mecond pulse.  Thia  double  pulse im p a s ~ s d  to the  indlcntor whmre it la 
dilrpluyed YY n double hlip us shown In F i g .  12. 

Rugurdlpaa of thc rcply codea bclnp  transmitted,  th* pulse  trhins  from Lwo 01. more 
LrnnMponderE m n y  intcrlcave to form t h e  selected code and thereby csuRe nn r r r o n w u  diapluy. 
To  prevent  this cffcct ,  the  code  selector 01 the  ground  unit  employn n r a the r  drualic fca turc  
commonly known as n "ki l ler"   c i rcui t .  

tap. on  thc  delay  1inc.corresponding  to  the  pulse *re  connected tn thw colncldcncc  detector. A t  
the mame time,  thc  remaining  tap0  are  connocled tu the kil ler  circuit. Thun. 0 group of pulaei  
RoinR through  thc  delay line emerges   a t  lrll of  the tape: oHc.h pular  w i l l  appenr in the   ki l ler   c i r -  
cuit us well ua  In thr  coincidence  circuit  nt  different  limen ~ I H  shown in Fig. 12. If n p d a e  

The higher  dcgrcc of selectivlty  required  to  distinguinh  tsrgnts uoing o n w  cmdm from 

Am stated  previoualy,  when  the code-Helwctor n w l h h  i n  pnsitloncd  to  aclcct a certain  code, 
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F i g .  10 Decoder Gmrbls with Decoder in All-Alrcraft Ponitlon 



T l g .  11 Decoder Ciarblm wlth Decoder in All-Aircraft Poaltlon 
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BLOCK DIAORAY OF DECODER 

RADAR  VIDEO 

1 

R A W  VlDLD U N D E L A Y I D  
CHANNEL 

F i g .  12 Function 01 Dccodcr in Selccted-Cudu  Positiun 

appcarn  in  the  killcr  clrcuit  mimultkneoualy  with  the  coincidencs of the  four pulnem in  the 
coincidnncc  circuit,  the rcaponac i n  killud und nu pulse wi l l  bn pwnsed to  the  modifisr .  Thia  
effect is Ehown In F I R .  13, Thum, In cllrnlnHtlng  lhc  undesired sffsctn of false  targsta,   the 
killer  circult.  occnnionully  kills  tho  desired  effects  by  cancslllnp  the  ovsrlapping  targcta. A 
change hue  been  mads in the origlnal  decoder  to  permit  momentary  inactivation of the  ki l lcr  
circuit no lhat  the  operutor may check t h o  display  to   dstermins if any  rspliam arc being 
cmncellsd. 

uf rangm rsprrdion muds i t   puauihle  for  thQ  controllsr   to  dstsrminc  that   thcrs  were  two  tarpcta 
inotead of one. On or:caulon., however, it wnn noticsd  that  cnncellntlon of one  end of one 
turgut could  occur  in  t,hs  overlapping uector.  The  result ing  dinplny  made  the two a i rc raf t  
appesr to be farther apart   tbnn  actually wan the c a a s .  

operation  whcnevsr ponmible. Then  the ninglc blipa from tho all-aircrdt circui t  mtill a r c  
viaible  even  though the douhla blip. of thc  oclcctcd-code  circuit  are  cnnccllcd. 

Dccodcr  on  "ldantificution"  Poaition. 

the ~ m m s  tmpped delay linlra a u  the  code-sulmctor unit. The bnmic diffsrence 1s that  the  identifi- 
cation unit i n  wirsd  permanently *, mclcct Code 10 only; that  h. thc  ldcntiflcation codc. Whmn 

modliicr  whcru it im converted to a long  pulsc far diaplay nm n bloomer  blip Pa ahown In F l p .  14. 
coincidsnre of nll fqur p d a c ~  occur0  ot  the  dclcctor, u p l a m  i n  pnmacd to  the  idaniiflcnlion 

The idantillcation  unit,  howevsr, employ. a kil ler  circuit identical  to  that  used  in  thc  codc- 
aelector  unlt to prcvcnt the dlaplay of lalac codca und tnrgeta .  In came of dacodcr  parblc. 
therefore,  the  bloerncr  blip i n  aubjcct  to  the a m o  cnncellntlon  cflcct am any othcr aclccted4ode 
tnrpa t .  

When two a i r c rn f t  w o r n  flying  cloas  togather no that   thclr   tarpctn mcrpsd. a amnll  arnount 

Targat  continuity  can be mnintainsd  on  the  dlaplay  by  kacping the al l -a i rcral t   c i rcui t   in  

The  idsntificatlon unlt of thc Kround equipment emgloyv H similar  coincidenc6  detector nnd 
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Fig. 13 Target Cbncvllntlon on Selected-Code Ponltion 
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Fig.  14  Functlon of Identification-Dscrldsr Unit  

A s  indicated in F i g .  1 5 ,  the  pilot'a  identification Ewltch i~ connactcd  with a t h o - d s l a y  
fcnturc  which  autornnlically  retains  the  trrnnpondor  on Codc 10 for a 30-sacond period whsn tho 

i a  prconud. 
uwitch l a  on IDENT poultion, or  when  the  awitch i o  on MIC poeition  and  the  microphons  button 

When nn aircraf t   t rmEpondQr i o  on Cods  10 it i0 not on I t s  regular ly  aamigncd cods. 
Assuming  that  cnch m e  of the  pilot 'n  microphone  started m new 30-uccond  identification  cycle, 
it i o  concsivvble  thnt  in  busy  tsrrninal-nreu  operations,   aircraft  would be  trnnmmitting  on 
Code 10 a large percentage of the t ime .  Under much conditionu, the Inhcrcnt  advantages of the 
identification and tho mclected-cods fsatursu of the ayatcm would  be  obviated. 

identification code with  each  salactsd c.ods. I t  H ~ E O  is bclieved  deairmblc  that the idcntlficntion 
function be divorcmd from the rnicrophonr  uyuhm nnd thut the idaniificmtion  awltch bc replaced 
with b thrss-ponitlon,  aprlng-loadsd  type 80 thvl  thc  idcntification cod"  would ha trnnnmitted 
while  thc  switch W ~ I I  In thc down  position or f o r  P 12-second  psriod  when thc mwltch waa  puahcd 
rnomcnturily to  t h o  up position. 

Scpnrntion of Depar turs  Tnrpcta.  
An intcrcmtiqg  geomutrlcnl  principle  became apparent during the flight  tsulu. Two 

Pitcraft w e r e  positioncd olde by aide on parallsl outbound  trncka a o  tha t   ths i r  targstn mprgcd.  
They w t r c  llown at the 8-m a p f c d  to atay  abrsss t  of sach   o ther ,  One aircraft   then wns  given 
n diverging  heading of nbout IO' to dernonstratn how thc  displnycd tnrgal. would split npart. 

A poanlble  dsalgn  changs. now under  conPidPration,  involvea st method of nmaoclotinR an 
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k-ig.  I 3  Conlrol-Pnnel  Functions  for Alrhornt: Trnnngondcr  Equlpmvnt 

After  a considerhble  time.  however,  thc I.argvtn n t l l l  w c r c  mcrgcd cvcn thouxh thc.nircrnl t  
were   severa l   mi les   aphr t .  It. ihnn  hnc.nrns  appnrent  lhui nu Lhn ulrcrnft  proArcaocd  outbound, 
the   t a rge t   s ize  of each  sircraft   incrons-d duv to Lh.: incTI:aswd apatlal  wldth of the  lntcrroga- 
tlon  beam  at  grsater  range".  Final.ly, l o  Heparnla: t.ho LnrRcLu It W P E  ncccaaary  to   isauc o 
radical  htlnding chnrrgo to one of tha: a i r r r u f t .  AfLcr  th-  tnrHcta wcrc: separated,   the   courses  

thc  ground  nntcnnv In order  to uvold dccodcr  parblc  between  tho  nircrnft. 
of thm two nircrnf t  rrtill  had to divrrrglr hy  nn nnglc of m>t le80  than  the  cllcctlve  bemn  width of 

Ground  Rcllcctionm. 

pat tern 5 to 10 tnllcs  northweat of i b .  The  fact  thot  the  targe1.s  to  ths  northvast changed runfin 
5 and 10  m1lc.a northcoot of thc  ground  antenna when known tnrgetn W I I ~ H  flying in a holdlnm 

in  occordnnc:c with  thc  northweat  targets  provided n clue LO thsir  identity. Thcow tnrRcL0 W C I - H  

apurious nnd wcrc  cauacd by rcllcctiona of the  interrogation  and  reply  signah  from Lhe s ids  of 
a long, low,  mcLd  bullding nbovt 1500 fcct  northeoat 01 the  ground  ontenna. Thin vffmct, is 
i l luatratcd in Fig. 16. 

and h c c n m c  thc ra:pllco are much  stronger  than  prlmhry  rodhr  replisu.   i t  in nppurcnt  thnt 
sccondnry  ayntctnn  arc  more  ausceptlblc  than  primnry  nystnmo Lo Lhc cffuctn 01 ground 
rcflsctions.   Thin implies thnt  many mites which  would bm aai , iufrclory  for   pr imary  radar  

vertical  rellcctlng  aurlaccm  in  the  viclnlty. This is factor which  ohould he givcn care1 
antcnnoa  moy  not LC anltablc Cor secondary  radar  antennan hoCausH of the prcacncc 01 h r  e 

consideration  dnring  thc  plsnning  stage of tho p r o f i r m .  

Several   t imes  during  the Plight testa,  additionnl  moving  I.argnta W V T ~  dloplayvd  Lctwccn 

Rur:uus~: ovrr'lndnry  rlrdor alKnnlo a rc  aubJcct  to  onc-way  rather  than  hvu-wny  uttcnuntlon, 

3 



Fig .  17 Slant-Range Effcctm 
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Slant-Rnnpc Effmct.. 

pammlng u t  hinh  mltitudsr  xcrosm  tho  station  appear  dimtortad  on  the  Indicator u shown In 
Fig. 17. Thc ~PICIE affcct mxiatn on m primary r ada r  dimplay. The  ver t ical   pat tern of the sac- 
ondary  radar  anlenna,  howwvar, oxtsnda to highor  alevation  angle6 a d  highsr  altitudes than 
dosa  the  pattern of survell lnnce radure prsaently  ured in t raff ic   control .   Thersiors ,   mors  
pronounced  effect. of mlnnt-rnngc  diatortlon wil l  bs viribls on the  diaplmya.  Although t h i m  sffact 
is  not  expected  to bu sarioum, control lsrs   wil l   nssd  to  make allowance  for  variatiolu in ta rge t  
speeds and courmcm when  alrcrnft croou the station rt high  altltudms. 

Target  dintancss are given in term. of mlmt range;  therefore.  flight pntha of a i r c ra f t  

STC  Opsration. 
Tho  modification  and  adlustment of the STd of the I-R unit enmbled the  wuinment   to   onerate  

wlthout  any  ring-around  effects  during  tha  Ilight  dcmonmtration.  At n o  t ime wam it necessary  to 
rcqucEt piloto to  rsducs  intsrrogation  maruitivity  from  normal  to low.  Only a few camem  of midc- 
lobe  prementatiun  occurrsd  during  the  tests. They wore  sllphtly  more  pravalent  with the 18-foot 
antenna  than  with  tha  9-foot  nntsnna.  The tsstv on the  systam  charactorist ics  for  sl lmlnating 
or  reducing  the mids-lobe prnucntation ars incomplsts,  hownvsr, bmcaumo all of the  vrrimtions 
which  might  occur in thc ground and alrbornr componsntu h v o  not bmen con*iderrd. 

Intarfcrence Testu .  

. *  

Special  Equlpmcnt  and  Condition.. 
In te r fa rsncs   i s  tho t s r m   u s s d  to  designate a conditlon  which  occur*  when a transpondor im 

inlsrrogated  by  mora  than one ground mtation at a t ime.   I t  lm a problem  which may assums 
serious  proportion. in congested  terminal  areas  where  ground  interrogators  are  locatsd  wlthin 

few milos of each  other .  To  simulate  this  condition. a th i rd  I-R unit wan opsrated  for  brief 
psriods  during the demonstration. Thim I-R unit wan connactad  to a 9-foot  antenna  mountad on 
tho nlds of the ASR-2 radar  tower am mhmn In F ig .  3 .  

bsacon slts at  Bargsravllla.  Indiana,  about 14 nm from the interrogator.  Tho antsnna fo r  thn 
For this phmss of the t s s t u ,  an airborne  tranaponder unit wan inmtallsd rt the CAA airwny light- 

trmmpondsr was mountsd on the  beacon  tower  approximatsly 60 fsst abovr  lhe  #round. 

replaced by the  integral-isad  inatallation mhown in  Fig.   18.   The  horizontal   pattsrn of tho 
intagral-feed  antenna  approximated thnt  of the  (I-foot  beacon  antsnna umad in  the other   teats .  

wnm locked  in  placc. To  invamtlgate  the  effect. of interropatlon by increasing  numbers of around 
The  9-foot  antenna of thn interfering I-R unit was pointed  toward  tho  Bargsraville sits and 

A f t s r  the  flight  demonstration, an invemtigation 01 the  interference affect wam Vtartsd. 

The  18-foot  ground  antenna WUB rsmovsd  f rom t h e  A-frame of tho ASR-2 antcnna and warn 

twmm 

F I p .  18  Intogral-l”6z~d AntcDnn Irutdlntlon  Util iaing  Reflector of M R - 2  Antanna 
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units,  the  pulse-repetition ratc of thc  inlurfcrinp I-R unit wna lncrcomcd in  stepa from 400 lo 
2000 puluea par amcond. Thin mirnulatud condillon. In whlch  the  tranapondcr wam belnp  Intcr- 
rogated  vteadily  by m~ many an 7 ground unit. a t  a tlmm. Steady  Interrogation can occur  whcn 
an a i rc raf t  i m  bsinp  8Parchllphtcd by n atntlonnry  or  tracking-type  rndar  or when the  alrcraft 
i m  opernting  within 30 milea of lhc  ground  ahtion. 

rntio of the two I-R unitr wau varled to includs  thc condltionm llated ln Table I. 
To  simulnte  various  guographicsl  rrrmngumsnt. of Intcrropntor mitern. the  rclatlve  powcr 

TABLE I 

INTERFERENCE-TEST CONDITIONS 

Condltion  Paramstor  Putticlpntin@  Intcrfrrinp Mathod Usad 
No. I-R Unit* I-R Unit** 

1 Rmlatlvc t rammit t ing 8 1 Participating  unit  used  lowsr 
prrvcr lomr trammI.nlun llnm nnd 

hiahar galn mtsnna.  

2 Rslntlva  trnnamlttlng 1 
powsr 

4 Participating  unit umsd highsr 
loma transmimmion line and 
reducad  plats  voltages. 

3 Relativm tranamltting 1 6 A 12-db attoauntor was 
powar  inmortsd in tranmmission  lino 

of prrtlclpetina  unit. 

obmrrvation. 
**Tho tsrm  " intsrfcr lng I-R unit"  refera  to any othsr  unit  which. by Lntnrropating  trnrupoedcrr. 
el icits   replles  that  ars received by the  pnrtlcipatlng  unlt and aro  dimplays8 an f rui t  on tho 
observed  diaplay. 

*Tho tsrm  "participnting I-R unit"  reform to the unlt  which i m  connected to the displry undcr 

Effect ol Increamsd  Pulss-Rupatitlon  Frequency on Interfarence.  

to  the lnterfer inp  interrountorn.   Bccnue theme pulses are out of qnchronlmm with thc mweep of 
naimuth of the  target.  Thia fruit rtprcmentm the pulaem transrnittmd by tho airbornc  unlt In reply 

the  pnrtlcipatlng  unit, thsy appear at varloun ranuem out to t h o  maximum.  Durlng  tha  interference 
tcmtm. the STC circuit  uaually warn rffmctlve ln reduclnp  fruit  out  .to a rmngu of about 30 miles.  
Beyond thlm range.  however,  huavy  frult  could mnkc the  trampondor  returns  unusable  for en route 
control opcrntlonm In many  cnauu. 

nnmcly. n reduction in  trannpondrr-aipnd rcmponne. To prevsnt  ovrrlondlng th tranmmitting 
In ndditlon  to addlng  cluttsr  to  tho  diaplny,  Interference  cawes  another rcrloua  clfcct; 

clrculta,   present trmnapondura a r c  cqulpped  with moms typo  of  ovcrload  control.  .Pressnt tranm- 
pondera  have m rslativcly mhort dead t h e  of  110  microaccnndn, In conjunction  with  an  autamatlc 
ssnsitivity  control.  When  the  intarrogation  rnte i n  increassd abovn  1200 Intcrrogat lom  per  
B O C O T K ~  (a rate  oqulvalent  to  conatnnt  ahultnneoua  interrogation  by  four I-R unit.). the   receiver  
ssnsit ivity 14 reduced  progrssolvoly an that  the  tranmpondar  thsn  rspllem  only  to the mtrongsst 
intsrrogationa.  This typo of opwration  thQrcby tend. to  discrirnlnrtu ngninmt the weaksr 
interrogakion  4ignals. 

m o u n t  of diaplsy  clutter  from a single  tnrgat up to the  point  whsrs  tho  automatic  overlond 
control  went  into  action on thc  airborns  squipmant.  Beyond  thta  point.  clutter  density  dld not 

dec renss  owing to thc  decreased  number of repllem per   scnn.  
lncrense and the  c.luttcr  pnttern bscamm mora  Lrragular.  Meanwhils.  hr$et  qlullty  continued  to 

Effect of Ralrt ive  Power.  
Becmuss of the  nutomatic  scnsltivity-vnrlatlon  sffects  prcvloumly  dsscribad. tht qusllty of 

tarpets  decrvnsad an tha  power of tho  partlcipnting unit wma dccrtnmed In relation to the p m c r  
of tha  interfering I-R unlt  for  intsrrogntlon rntcm greator  than 1200 pdnss   p s r   r s cond  (PPE).  At 

Interferencs  cluttur  upunlly nmmumes a deflnite  pattern known mn "fruit" on the  dhplnycd 

In ts r f s rancs  l R U t 8  mhowsd that nn incrsnmc In the  lnterropation  rat0  lcndtd to increase ths 
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Expanded View of Decoded  Tnrgct Showlng 
Effects of lntcrfcrcncc  on  Tnrpet  Qunllty 

the  aamc  t ime,  the  dlnplny wan dcrogntcd  further by an incrnrsc  in f rui t .  Thorns conditions  are 

much  clober to tbc Intarfcrlng I-R uniia.  The v f f s c t s  are shown in Fig.  19. 
llkcly t o  occur when an a l r c r a f l  is at c.ons1dersbls  range  from  the  participating I-R unit  but i b  

Effucl  uf Antenna-Rotation  Rata. 

incrs~vlng the number of epl$ss received  from  epch  trausponder.  Under  heavy  interference 
conditlono.  whrn a ronnid d rabls  percentaRe of interrogntions  is  being  lost  due  to  dead t lma  and 
sensitivity,  control  elfccta. a rPductlon in MntCnnH-rOtrtiOn rPte may bu necssasry tu see the 
target  at   al l .   Udortunatcly,  nu the  rotation  rate l a  rcdlxcd.  the  dcnoity of fruit lo  1nt:rersed 
becaumc of thc  increancd  numbur of Intqrropationn  per n a m .  ThQom cffccte YTC ohown in F i g .  2 0 .  

Effect of Decodcr.  Opermtlons. 

In thiH condition.  each  reply  conaists 01 m group of four  blipa dimplmycd on the  indlcator.  Whcn 
the  decoder im owitched  onto  the  all-aircrnft  pobltion.  the  individunl rcpllam diaplnycd  arc 
reduced  to one pulme each.  This  rcpreacnt. a 75 per  cent  raducfion  in  thc  amount  of  fruit.  
When  the  decoder is awitchcd to a selcctcd  tude  only, no clut ter   f rom  aircrnf t   on  othcr  codem 

playwd reply cqna1nt.u of two pulsss  instead of ono .  When  tho  controllor's  identification  nwitch 14 
ill dilrplayedJ  howevey,  clutter  from  aircraft on the selected  code in  doubled  bscauae  each  dis- 

turncd on, clnttmr from uny nlrcraft using Code  10 consiutn of a nmrioo of mhorl l inso instsrd of 
dota. 

Anbnnm Ch=racter is t lcs .  

shown in Fig.  21. Durina  these  operationm, the 18-foot  antenna  conoiPtsntlyprmao.ntsd tsrgetm 
averaging  about 6' in aaimuth am contramted  with the 13 '  targets  presented  by  the 9-foot  and 
intcgrd-feed nntcnnab. 

for  c1o.c-in t c r m i n d  operation.,  the  extrema  length of theme targets  at   longer  rangar  appoarsd 
unsultablc  for long-rnngt dimplrym in air-route-trdfic  control.   Opsrstionrlly,   the urn. of  the 

A rmduotiun in antenna-rotation  rate tendm to  increase  the  number of hits   per  acan,  thereby 

F r u i t  is  heaviest  when  the  decoder is awltcharl  off  ao'that the indicator  dhplnyn  raw  vldco. 

Horlzontsl  radiation  patterno of the  three  types of antennas  used In thi$ tout program arm 

Although  the  controllera who participated in these  tes ts   agrqed  that  13' largsts  bra usablu 
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18-foot  antennn  decreased  decoder  garble  and  fruit Rbout 60 per  cent  becnutrs of the  narrower 
beam  width. Thts a m s u m s a ~  that  the  reserve-system  gain i m  10  db  and  that  the  ct'fsctive  baam 
widths of the  18-foot  and  9-foot  antennas  for  reaponmes 10 db  below  that of tha  half-power  points 

is not vinlblc. thu controllcr'a mental  job 01 bisectlng  thc  torgct  rcturna to  determine the actual 
of the beam  a re  6.8' and 16.9' respectively. Under  condltiona  whsn  the associated  radar target 

pomitlon of  thH vircraft  I n  made cosier when the target  displaycd 1. shor te r .   For   thsse   reasons ,  
thc  1s-foot  nntcnnn I s  oprotionally  more  dcmirablc  than  eltlrcr  thc  ?-toot  or t h e  integral-feed 
antenna. 

antenna  mountings  which  can  be  expscted io bn mvailsble within tho near futuro.  Recuune of tho 
Table I1 summarims the  advantages  and  disadvantages of tho  vsrious t , y p s n  of ground- 

difficulties  involvsd in kssping a noparste antnnnv  slvvsd  to  the  survsillnncs-rmdvr untermu. 

would  not  be  recomrnsnded if a satisfactory  combination  antenna c a n  bs  obtainsd. To  avoid tho 
particularly st high  rotstion ratss ur undsr  high  wlnd  conditions.  the u a c  of n nlnvcd  antcnnu 

excessive  rellcctions or poor  low-angle  coverage  which  may be ansocialed  with nn axirtinR rvdnr 

t o  keep  the two antenna  sites  as  close  together as practicable  to  minimize tha: ran  s and  urimulh 
site,   however,   the  use of a separate  slaved  antenna  may  be jumtifiod. Jn any c m s ~ ,  i t  ia  dcsirvblc 

erroru  which  would be involved  in  integrating  the two displays on the  same  acmn ofthe  rvdnr  
indicstor.   Recent tssts show  thnt if mopsrats  sites  are  necnnssry,  howsvsr.  it  i n  posuibls tu UUC' 
dual-nweep PPI consoles.  with  the bnaron  display  off-contmrad vn approprlntc distnncu. Such vn 

to bc uned In the  primary  and accondnry  radar   aymtam~.  
lnatullrtion  sliminvtuu rang* und nmlmuth Crrora and permi ts  different antenna-rotation  ratcn 

installation of the  18-foot antsnnm at the  buss of ths ASR-3 r s f l sc tor .  ma doucribnd in Table 11. 
does  not  affect the S-band  radiation pattern or thu polarization  characteriutics.   Also,  it appsaru 
that  tho  patterns of tho  18-foot  antsnnw s r e  not  sffsctod.  Calculations  made  by  Airborne  Instru- 
msnts  Lsboratory  indicats  thut  ths  modified  ASR-3  antsnns  will  withutand  110-mph  wind* ut a 
t smpera ture  of -50'  F. whsn tho sntsnnr is stationary.  This  antsnna Ehould roh ln   ~a t i s f a r : t u r i ly  

up tu 65 mph  when  the  tsmperaturs is t20' F. 
st 26 rpm  at  wind  velocities up to 55 mph  when  ths  tampcrature is -50' F .  Mnd n t  wind veloril isa 

The  vertical   pnttnrn  of thR intsgrrl-feed antwnna in not mu mood as thot of Hither tho  9-forll 

becnuae  thc  5-bnnd  rodar-hurn  feed  alresdy  occupisa  thia  space.  This  factor  reduces  the  high- 
or  18-foot antrnna. Thu L-bond  horn  fccd  cnnnot bc locotud at the  moat  cffcctlve  focal  point 

nnglu. coverage of the  lntagral-feed  antenna. 

obse+va a number of flightn of trannpondsr-oquippsd  aircraft  opcrmtsd  by  Lnks  Carntrd Airl insa.  
Inc.  Moat  of  the  flights of this  locsl-sorvics mirlina nrs of  short   durntion u d ,  whon wcvthsr 
permits,  they are mudo  at   minimum  sn route ullitudea of bohvan:n 1300 und 1700 fcct  abovc thv 
lndianrpolis  airport   elevstion.  Observation of many of thcuc flimhtn indirntcd  thnt  the low-nnmlw 
coverage of the 9-fOOt antenna. mountnd pa shown in  F ig .  2 ,  cxtcndcd duwn to  the  rndlo  horimn. 
In oome cnsca,  the mecondary radar   t a rge t  ui.111 w a s  s t rong  nftcr V H F  cammunicotlona had faded 
out. Thim type of coverage  should  facilitmto  the  sstmbliahmcni uf IouI-YI~ILu~P  ahuttlc  proccdurea 
bctwcen  pdjuccnt  airports. 

Studiem and  scale-model tdsts made  by Airborne  Inatrumsnts  Lnborstory  indicate  that  

During the two monthu  prsceding  the  flight  demunatration. thR 9-foot nntsnnn wstl UYCd to 

CONCLUSIONS 

I1 io concluded  that: 

1.  lmplsrncntntlon of t he   s sconds ry   r rdv r   ays t cv  nhould mako ponalblc a more paaitivc  type 

ve ry  largs pcfccntagc of LFR-ogsrrting nlrcrnft  n r c  cquippcd  with  traMpondara,  every  increase 
of  all-woathcr  trdfic  control.  Although  the  full buncfltm of the  system  cannot  be  obtained  until et 

in thir psrccntagc,  however  smvll.  ehuuld  offer  ndditlannl  ponsibllitiea  for  tho  application of 
sscondary  rndnr  procedures.  Simulation t C U t E  UT.,: now In proRrcmm to determine  the  best   means 
of'utilizing  the  vdvantagea of secundary radmr oprrntlon during  the  partial-implementation  stage. 

c'vcr, still wil l   be   sat i r fsctory  for  clomc-in  opcrationm where  excsasivn tmrgsl width i u  not m 
aither  thc  9-foot  or  ths  integral-fmsd  antcnnn  for  nlr-traffic-control  use.  Thess two *os. how- 

serious  factor.  

seriouuly hmndicsp thc use  of   ths   system a n  long I P  controllcr personnel are  fully  cognizant of 
thsse  chnrastcriatica  and make nllowancc f o r  auch  occurrences  in  the  procsdures amp1.oynd. 

In congemtad areas .   Fur thor   t es t s  mult be  made  to  reaolvo the probnblc  extent of t h i a  problem. 

2 .  Thr  higher  resolution  charrctsriotica uf the  18-foot  ontenna  make  it  mors  desirable  than 

3 .  The  sxlatsncu of shadowing  and  decoder  gnrblinp  cffcctE nm detatlcd  in  this  report  nssd  not 

4.  Int*rfErRncC effects could  bec.omo  the grcntcat  handicap  to  efficient  opcrntiou of thc  syatcm 
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Rcportn of analyses ond tcata of  thlr v y s t n m ' u  traffic  capacity in thc New York Clty nr-u havs 
been  complrtsd nnd p ~ b l i s h s d . ~ ~ ~  

facilitiem arc   locutsd.   I t   i s   desirable  to modify  thc nirbornm squipment  to  permit  momentary 
in  air-truffic-control  operation.,  pnrticulrrly  in  arsam  whsrs  several  radar-trdflc-control 

u se  of th: ldrntification  code. 

5 .  Ths  display of the idcntiflcation  cods f o r  a minimum  period of 30 second. 1. undcmirubla 

RECOMMENDATIONS 

Althou h tha  svaluation of the factors   dfcct lnp  ground-mtmna  choics  rnd csr ta in   othsr  
options  still  7 incomplcts. tho following  rscommendatloru were dcrlvPd  from a curcful  rtudy 
Of tho  data  available  to  datc. Thcem rscommsndat ions  are  made to  aid  those  apcnclc.  lnvolvtd 
in hp lemsn ta t ion   p rog rams .  

following  order of preference: 
1 .  Ground antsnnam for  tcrmlnal-nrca  traffic-control  installation.  are  recormmended  in  the 

A .  An  10-foot  mntrnna,  mountsd at   bane of ASR ref lector ,  
B. A ?-foot  antorma.  mounted at base of ASR rsf lector .  

Tho 18-  and 9-foot omparmts nlrvsd  antsnnas  ars  rscommcnded,  rempectivcly.  for  locutlonu  whsrs 
inntallation of an antenna on M cxiatiag ASR an t rwa   t owsr  would  subject  tho  secondary  radar 

pcdeotil  cnpabls of rotation  at  rate.  up  to 26 rpm  will ba uvnilable,  onginsoring t s s b  show  that 
aystsm  to  sxceamivc  reflection. or poor  low-anglr  covsrmge.  Although  an 18-foot antenna  and 

the   p t r formancs  of pr imary  and  necondary  radar. I b  lmprovsd  whrn  tho  rotrtion rats is 
d t c r tuaud .  

t t rminnl-arsa   t raff ic   control .  If m dud- rwsep  PPI conrolm im ussd, it wi l l  bo pommiblc to adJunt 
xbdbr  and  bsacon  mtpnna-mcan  rateo  indspendsntly  for  individual  optimum  performanct.  Ttrta 
t o   d s t e rminc   op thum .can ra toa  rhould  bo  conductad. 

reliability tnmta and  opsritional  evaluation: 

I t   rppsars   probable   that  u 15-rpm  rotation  rats  may  bo  opsrationally  matisfactory  for 

2.  It is rccornrnmded  that  tho  followina  combination of component. be installad  at TDC for  

A ,  An ASR-3 Lntaimn. modifisd am descr ibed  in   Tabls  11. 
B. An 18-foot  antcmm. 

D. Circular  polariaation  component.. 
C .  A combination Y/L-band rotury joint, 

3 .  It i n  racommsndad  that all mvailubla optrationnl  information  rmgatding  rhadowing,  decoder 

the  implcrntntution of any  oscondary  radar  facility. 
garble,  reflcctlon. und intsrfsrsncs  effects be dimmemlnmted to  local  control  pcrmonnsl  prior to 

particulnrly antsnnam which  have  lower  oide-lobr Iavoln and grsatsr rssolution. 
of the pyaturn. i t  ir rscommsnded  that   hprovtd  antenna#  bc  avnluatod am thsy  become  available, 

4. B9cuuss tho charactsrist lca of ground antemau a r t  of primary  importancs  in  tho  operation 

Thc  devclopmnat of antennas  having  lower midc-lobe levelr  a h o d d  bm purPuad  brcaurs much 
antennas Would lncrsuas the  traffic  capacity of the mystem  by decruaoing  oida-lobt  intorrogation.. 
In  addition.  their umc would  pmrmit  matirfsctory  oporstiono  with  greater  varlations  in  tranopondar 
porformLncs  bscnuse  the  ground  rccelvar could opRrats r t  a highsr gain withod  danger  of s ide 
lobsr  brsaking  through. 

mmpscirlly in thoae  case.  whrro  rtflectlono or othmr ulting  problsmr  rsquire the w e  of n 

rats plowor  than 26 rpm to avold  mechanical  complicatlono  and to  sscure  an  adequate  number of 
nep8rats  tower.  It is probablt  thot tho use of high-rseolution antsnnam will   rsquire a rotation 

bscauss  it would rudu t r  tho t r rgs t   s ias   apprsc iab ly  and  thereby  reduce  the  lateral mcpmration 
hits psr mcan. Thla typo  of antsnna  would  bo of particular  advantage  to  air-route-trdfic  control 

neceammry to ahow urnparuts  tmrgsts at  tho same range. 

Conaideration mhould be  glvcn to the  uas of largsr   antsnnas having greater  resolution, 
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'"Final Enplnecring  Rnport on Pulms-Dsnsity  Study of the  ATC  Radar Beacon Systsm," 
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