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THFi &IVY ELECTRONICS LllBoRAToRY 
PILLBOX ANTENNA AND ITS EFFECT 

W O N  A!E RADAR BEACON ENTERROGATION 

SUMMARY 

%s report  descrlbes  the  technical  evaluation of the Navy Electronics 
Laboratory Fox I1 15-foot folded  plllbox antenna when used  TI the  An: Radar 
Beacon  System. 

n t h  the  data  supplied by the Navy Electronics Laboratorg.. The amplitude of the 
slde  lobes was 38 decibels  or more below the  level of the main lobe.  This level 
i s  considerably  less  than that of the  side  lobes of the AMB Type 2.3NS3 18-fmt 
beacon antenna. Reduced side-lobe  interrogation ean  be  expected when the  pillbox 
antenna 1s used. 

The radlatlon  pattern measurements made on the  pil lbox antenna  agreed 

interrogations  per  antenna scan a t  various ranges were chsappointing, because 
there was l l t t l e  indicated  difference between the two types of antennas. 
Photographlc t h e  exposures of an indicator displaying transponder repl les  

marked dlfference i n  the  distribution of the slde-lobe  mterrogatlons was noted. 
showed similar levels of  interrogation when elther antenna was used; however, a 

A clear  slde-lobe  pattern was vislble  on the photographs when uslng the  18-foot 
antenna, which was not  evldent on the photographs when using  the  pillbox antenna, 
indicating that interrogatlons by the  pil lbox antenna were of a random nature 
and were  due t o  reflections of the main lobe. Photographs of an airborne A-scope 
dlsplay connected t o  the  transponder  vldeo c u c u i t s  showed the  presence of re- 
flectlons. Both the   level  and delay of the  reflected  interrogation signals 
were recorded during orbl ta l  flights a t  a six-nule  radius. 

I n l t i a l  t e s t s  with  airborne pulse counters t o  determine the number of 

Effectlve  antenna  patterns were  measured wlth a high-speed recorder 

n d  levels were recorded  during each rotatlon of the antenna  as  the  aircraft was 
in the  aircrafi   as  the  pil lbox antenna was rotated.  Direct and reflected  slg- 

flown on a six-nautical-mile  orbit mound the  antenna. 

Although the  pillbox antenna has lower side-lobe  levels,  there was 
no significant  reduction  in  interrogatlon  duty  cycle,  smce  the  reflectlon of 
main-lobe signals by objeets  near  the ground antenna a t   t he  Technical Development 
Center 1s sufficiently  strong t o  offset   the lmprovement rn the antenna pattern. 

IJTRODUCTION 

Imtial t e s t s  of the ATC R a d a r  Beacon  System showed a hlgh interrogation 
duty  oycle or  large numbers of lntesmgatlons  per antenna scan at  short  ranges due 
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60 KC. mtenna side lobes.' 731s excessive mxerrogatlon by side lobes  causes 

mamy interrogators are operated, t3e combmed slde-lobe  Interrogations  can exceed 
Interference t o  other ground mstal la t ions cdl.ed "fruit."* =so, in   a reas  ~ s z e  

the  duty cycle of alrbome trarssponders. By use of beacon vldeo  defrulting  equip- 
ment, most of the  Interference  can  be  prevented from reachlng the PPI display. 
However,  when the  transponder 3uty cycle IS exceeded, the  transponder  cannot  reply 
t o  every  interrogatfsn  received Spm the  ground interrogators. Under these con- 
b t ions ,  the  delay-llne  type of defrmtlng equipment, whch  requires 2 successive 
replies  for  single-defrultmg  operation and 3 successive  replies  for  double- 
defruit iq  operatlon, may reJect  the signal from an aircraft. Thus, the  use  of 

may be lost due t o  over-mterrogation by slde  lobes. 
thls type  of  defruiting equipment lnrreases  the possibility that beacon signals 

15-foot  plllbox  antenna for evaluation as par t  of the  A'PC R a d a r  Beacon  System, 
through  arrangements made by the  A i r  Navigation Development Board. This antenna, 
deslgraated Fox 113 was deslgned by the Navy Electronlcs  Laboratory (NEL) for 
minmum slde-lobe  level.  Theoreticallv,  the use of such an  antenna  should  reduce 
side-lobe  intermgatrons  signlficant,ly end permit  tbe  use  of  greater gain m the 
rece iwr  pol-tlon of the  interrogator 30 mcrease  target   re l labl l l ty .  

In May 1956, the CAA TecLmicd Development Center (TDC) received a 

MEL pillbox  antenna t o  date, Additional tests to  evaluate  the performance of 
the antenna on the  reply  path  are   plmed and vlll be reported at  a la te r   da te .  

This  report  descrlbes  the  results of mterrogation  tests made with the 

Antenna Pattern, 
Pattern  data supplled by %EL showed the  maximum side-lobe  level  to be 

Fig. 1. Because of the  low side-lobe  levels  of  the  pillbox antenna, a clear  
38 decibels (db) below the mu lobe. The pattern submitted. by ITEL is shorn i n  

antenna range is  necessary t o  obtam an accurate measurement of the  radiation 

nth the  transmitting  antenna  lnstalled at  several   different azmuths.  The 
pattern. The antenna was mounted OA a &-foot tower, and patterns were recorded 

presence of another ta l le r   radar  tower only 75 fee t  away made it lmposslble t o  
obtain aay single  pattern which was free f r o m  reflections.  By recording  radiation 
patterns  with  the  test  osci l la tor  located at several   sl tes,  on different radials 
from the  pil lbox antenna, it was possxble t o  separate  direct  antenna  responses 
frmn those due to   ref lect lons.  One pattern  recording 1s shown 111 Fig. 2.  The 
measurements made at t h i s  Center  confumed the pattern measured at ITEL, and steps 
were taken t o  proceed  with  the  evaluatxon program. A pattern of the  18-foot 
antenna  shorn m Fig. 3 was recorded  under the same conditions. 

b a n d  S. Crlppen, Tirey X. Vickers, and Maxvin H. Yost, " I n i t i a l  Tests 
of the  AlBDB L-Band Secondary R a d a r  System i n  Typical  Terminal Area Traffic Operations," 
CAP. Technical Development Report Na. 268,  September 1956. 

2Joseph E. Herrplana, Jr., "A Study of the A u  !traffic Control R a d a r  Beacon 
System Chezacteristies," 6AA Technnlcal  Development Report Bo. 329, October 1957. 
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charaetexlstics ~f each  antenna can be  predlezed.  The  following gam and l o s ~  
concbtlons  were  assumed: 

If free-space  propagatlon  condltions are assumed,  the  interrogation 

IR output  power  (measured) 62.7 dbm 
Transmission hne loss (measured) -3.60 db 
Plllbox  antenna gam 22-50 db 
Aircraft  antenna gam 0.0 db 
Aircraft  transmisslon  line loss 
A K  transponder  sensitivity 

-3.0 db 
-74.0 d b  

The maxlrmun calculated  range of mterrogatlon  under  the  conditions  noted  above 
is 528 nautical  nules. 

Table I lists  the  calculated  reserve  interrogatlon  path gain at  varxous 
ranges 

TABU I 

RESERVE I”TERROGATI0N GAIN 

Interrogation 
Reserve 

Gain 
( db) 

20 
25 
30 
35 

40 
39 

45 

The  effectlve horizontal beaq-idth can be  deflned as the total  number 
of degrees over which  the mam-lobe and side-lobe wlitudes exceed a predeter- 
mined  level durmg one  complete  antenna scan. From  Table I, the  effective  antenna 
beamwfdth  at a range  of 29.7 nautlcal  rmles may be  represented  the  total rider 
of degrees over which  the male- and side-lobe  responses  are  greater  than  those  25 
db down fromthe nose of the  main  lobe.  The  effective  antenna  beamvldths of both 
the 1 8 - p t  and pillbox antemas m e  shown  in Fig. 4. These  calculations  are 
based 013 actual  antenna  patterns  recoxded  at TIE. At all ranges  less  than 14 
nautical  miles,  the  pillbox  antenna should result Fn superior  interrogation  per- 
formance  under  free-space conditions. The  better  performance of the  18-foot 
antenna  at  ranges  greater  than 20 nautical  miles  is  due  to  the  relative mdths 
of the m a i n  lobes. By design, the main  beam of the  pillbox  antenna 1s wider  than 
that of the  18-foot  antenna.  FOP eompanson purposes,  the  9-foot  antenna  pattern 
was recorded  and  the  effective  beamwidth  of  this  antenna is shown on Fig. 4 also. 
The  9-foot  antenna should cause  interrogatlon of transponders  at a higher  duty 

greater  beamwidth. 
cycle  than  either of the  other  antennas,  regardless of range,  because of lts 
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Interrogation  Pulse Counts. 

the nunher of interrogations of ara auborne  transponder  for  selected  intervals of 
The effective beamnd'ch of the  pillbox antenna was measured  by counti;lZ 

time. A semes of f l lgh t   t es t s  was d e  at   several   al t l tudes and radlals from 
the  interrogator s l t e .  For comparison purposes,  an  18-foot  antenna was alternated 
with the  plllbox antenna &rhg t he   t e s t s .   me  same mnterrogator was switched 
Between the two antennas, each radial flight was repeated, and interrogations 
were recorded i n  the  aircraft. The gain of each antenna  system was measured a n 3  
the  two systems were balanced witlrln 1.5 db- The unbalance of the two antennas 
was corrected i n  the  plott ing of Peccrded data, Additional f l igh ts  were made 
usmg the  9-foot  antenna and the  reslnlts compared with the  prevlous  data. 

Counts of the  mterrogations made in the  test   aircraft   generally exceeded the 

pi l lbox antenna interrogation duty  cycle was almost ident ica l   to  that of the 18- 
expected rate,  and the  effectlve b e m d t h  IS shown in Fig. 5. However, the 

foot antenna. A large  dlscrepancg  existed between the  predicted performance and 

9-foot antenna also  are shown in Fig, 5. Close agreement between the  predicted 
the  resulzs  af  the  tests.  Results of these  tes ts  and of t he   t e s t s  made with  the 

and  measured performance  of %?le 9-foot, ancenna was obtalned. 

Photographic Time Exposures of PFI, 
In  order t o  deterrmne t5e  azrwlt$al  dlstrlbution of the  interrogations 

by each  antenna,  a  photographic  technique was devlsed. The interrogator antenna 
under t e s t  was rotated at a constant  rate and the PPI sweep  was synchronized with. 
the rotation. The transponder replies were received on a separate  fixed  antenna 
pointed a t  tire a i rc raf t  and dxsplayed on the PPI. A 35-n!m camera was used t o  ob- 
tafn time  exposure  photos as t h e  a i r c ra f t  was flown along selected  radlala. All 

of antennas. Figures 6 and 7 show Yne resf i ts  of a t e s t  fllght made a t  5,000 feet  
f l igh ts  were dupllcated so as   to  obtain a dfrect  comparlson between the two types 

above ground using  the  18-foot a d  plllbox antennas, respectively. After makin@; 
system gain  correctlons,  the  results agreed w i t h  tihe airborne  lnterrogatlon 
counts previously  recorded,  but a m k e d  dlfference m the photographs was evi- 
dent- The pkotographs show a clearly deflned  side-lobe  pattern when the  18-foot 
antenna was used, but  the  plllbox  phto  pattern shows a random side-lobe 
dxstribution,  inilleating internogatLon by reflected sigrmls. 

Photographs D u r m n g  Ea& Actenna  Scan 

revealed that the  transponder  replles  in  the  side-lobe  areas were bemg  delayed 
by vapylng amounts  of tlme. This condftlon is shown 1n Flgs. 8 and 9, whlch are 
photographs of replies  received dwmg slngle antema scans. It 1s evident 
from these  data that the main-lcbe reflections of the  plllbox antenna were 

yond tha t  of the   a i rc raf t -  WE same condltlon  probably i s   t r u e  for the  &foot 
caus1n.g interrogations,  since some of the  replles were dinplayed a t  ranges  be- 

antenna,  except that  the  slde-lobe signals a r n v e  at the  aircraft   before  the 
reflected signals. The transponder w i l l  reply  to  the flrst pair  of properly 

precede the reflected. slgnals. Because of the  higher  side-lobe  level of the 
spaced interrogation  pulses, and in all cases  the  direct  side-lobe  signals will 

18-foot antenna, there were fewer ulterrogatlons by reflected slgnals. 

Results of the  tes ts  of the  18-foot  antenna were close  to  predlctions. 

An examination of mterrogations  during each  scan of the antenna 
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By measurement of  mnge  displacemeots, it was possible  to  separate 
the dlrect  lnterrogatlon  replles from the  reflected  mterrogation  replies. !l?Sz 
method was used t o  reduce data taken on a t e s t  fllght, and the results are  shown 

for  the  pil lbox antenna  did  not  correlate nth the  results  predicted.  It was 
In  F;go 10. However, the  percentage  of  Interrogation by reflected signals shown 

not be Identified as such on the film8. 
obvaous that m a ~ ~ r  of the  reflected slmals were delayed  very  sllghtly  but  could 

Photographs  of Intemogatlon  Path  Reflections. 

tried with satisfactory  results.  fiotographs of a A-scope display were made in  
the t e s t   a i r c ra f t .  !Che vldeo  output of a rslde dynamlc range recelver was applied 
to   the  ver t ical   input  of t h e  A-scope. Synchronization  of  the A-scope  sweep was 
acconrplisked by trassmittlng a spcbronizing  pulse frole the ground on a different 
frequency,  precedlng  the mkerroga;atlon pulse. A block diagram of t h i s  scheme IS 
shown la Flg. 11. Measurenents of direct-  and reflected-slgnal  strengths and of 
reflected signal time  delays were made. A typlcal  recording made i n   t h e   a n c r a f t  
1s shown En Fig. 1 2 0  

A more precise method  of measuring the  delay of reflected  signals was 

The resu l t s  of f l lgLt   t es t s  made on a slx-mile  orbit about the  pil lbox 
antenna are  shown i n  Flg. 13- Bota peak levels  and average levels  of reflectlons 

reflectlons were present at  different   delqs ,  i s  included. The calculated re- 
are  plotted.  A curve shonng +&e relatlve  duty  cycle, or percentage of time when 

serve  mnterrogatlon gain of  the systen IS 39 db, as shown i n  Table I,  Reflections 
whose peak levels  exceeded the r m n m  required for interrogation  are  present, 
up t o  11 microseconds after  the  direct   signal.  

would not be sufficient t o  cause  mtersogatlon  for  delays exceeding 1 micro- 
The average leve l  of all reflections recezved  during the 6-mile o rb l t  

second, however,  by r e f e r r u g  t o  the  reflectlon  duty  cycle  curve  of  Fig. l3> it 
can  be  seen that reflections  delays of 1 mcrosecond or less occur 90 
per  cent of the  time.  Reflections bdng 5-rmcrosecond delays were present 50 
per  cent  of  the time. 

A reduction of interrogator power o r  transponder  sensitivity would 
not change the  re la t lve performance of the two antennas. h over-all -rove- 
meet of mterrogattlon  duty  cycle would resu l t  from el ther  change, but  the  degree 
Of improvement  would be the  sane fo r  'b3th antenna  systems.  Figures 14 aad l5 
are  the exposures shomng relat lve performanee of the  18-foot and pillbox 
antennas when the  transponder  semsltlvlty was reduced by 12 db. 

Effective  Pattern Recordmgs. 

reflected energy, a resultant radiation pattern is  formed  which may be called 
the  effective antenna  pattern. !&e refleetions may origmate from the  earth 's  
surface or bmldlngs whach fa l l  wlithm the  dlrect   radiated  f ie ld .  The result ing 
pattern w l l l  change n t h  distance, azmth ,  and al t i tude  of  f&e au-crafi  with 
respect  to  the antenna. I n  order to measure the  effective  patterns under various 
conditions, it 1s necessary t o  record  the  antenna  patterns when the  aircraft i s  
at varaous distances, azimuths, and al t i tudes.  

When energy radlated  directly from the antenna IS combined n t h  



6 

t h e   t e s t   a r c r a f t  was flown on a slx-nautical-mile  orbit around the  lnterrogatcr 
Several  airborne  patterns were recorded m the  Indianapolla  area  as 

antennao A 25-watt, contmnwus-wave (cw) transmitter was substltuted  for  the 
normal Interrogator  transmitter and adJusted t o  a  frequency of 1,030 Mc. The 
plllbox antenna was rotated  at  15 JTPEL as   the  tes t   a i rcraf t   orbi ted 1,000 feet  

recorder.  Flgure 16 IS a sample of the  recordings obtamed and lncludes  three 
above ground. The slmal received m t h e   a u c r a f t  was recorded by a hlgh-speed 

scans of the  plllbox  antenna. During ea& scan of the antenna, the  a t rcraf t  
moved a distance of a p p r o x h t e l y  1,000 feet  along the  orblt .  This was an 
angular m e  of approxdmatelF 1.6O per scan, Reflections  are  clearly shown, 
and It 1s evldent  that  the  over-all  pattern changes appreciably f r o m  scan t o  
s c m .  The calibratlon  scale  mdlcates  the  relative  strength of the  signals. 
From the  patterns made previously on the  pillbox antenna, lt 1s h o r n  that the 
maximum slde  lobes are  38 db below the  level of the m~tl l l  lobe. Slgmals  ag- 
pearlng between the  =In  lobes &1ch exceed the measured side-lqbe  level a re  due 
t o  reflections.  

coFlcLTJsIoNs 

The NEL Fox II pillbox antenna 1s an advancement in  the  state-of-the-art 
because the  side  lobes of the  redlation  pattern  are of very low level. The eval- 
uatfon program was concentrated on a determination of the  effects that such an 
antenna would have on transponder  mnterrogatlon. The resu l t s  of the  tes ts   c lear ly  

be gained by use of an antenna having very low slde lobes a t  instal la t ions where 
indlcate  that very l i t t l e  improvement in  system interrogation characterist ics can 

reflectlons  are equal to, or  greater than, those  near TDC. Reflected main-lobe 
signals  cancelled  the  interrogation  duty-cycle Improvements wbch were expected. 
It 1s f e l t  tbt a sigrnflcant Improvement could be o b t a i n 4  at bet ter   s i tes .  
However, resu l t s  of s i t e   s w e y s  completed a t  some of the major airports  indlcate 
that l l t t l e ,  i f  any, improvement can be expected. 

antenna on the An: R a d a r  Beacon System replles.  
Additional t e s t s  a r e  planned t o  deterrmne the  effects of the  pillbox 

from objects  near  the ground antenna be given due consideration in the develop- 
rnent  and evaluation of side-lobe  suppression and  beam-sharpening syetems. If 
the systems are  not deslgned t o  minimize the  effects of reflected signals, the 
improvements 1n system performance w l l l  be -aired and si t ing  res t r ic t lons 
all be mcreased. 

It i s  recornended that the problems arising f r o m  signals  reflected 
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FIG. 6 18-FOOT  BEACON  ANTENNA  INTERROGATION  PATTERN 



FIG.  7 PILLBOX  ANTENNA  INTERROGATION  PATTERN 



FIG. 8 PILLBOX ANTENNA INTERROGATION PATTERN 



FIG. 9 18-FOOT  ANTENNA  INTERROGATION  PATTERN 
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REFLECTION  DELAY  MICROSECONDS 

AlRCRAFT 1000 FEET  ABOVE  GROUND  6-MILE  RANGE 
INTERROGATOR  TRANSMITTING A SINGLE  PULSE 
O N  1030 M C S  AT 300 PULSES  PER  SECOND 
PILLBOX  ANTENNA  ROTATING 15 R P M  
4-SECOND  TIME  EXPOSURE 

F I G  12 AIRBORNE  PHOTOGRAPH O F  R E F L E C T I O N S  





FIG. 14 18-FOOT ANTENNA INTERROGATION PATTERN 



FIG. 15 PILLBOX ANTENNA INTERROGATION PATTERN 
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