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EVALUATION OF QUADRADAR 

This report  describeB  the  operational and technical evaluat lan of 
a had rada r   r ada r   s e t  t o  determlne i t s  app i l sab l l l t y   t o   t he   p re sen t   a l r  
t r a f f l c  control  system. 

The t e s t s  indicated tha t   the   a i rpor t   su ;? re l l laxe   radar  (ASR) 
functlon of Quadradar  could noi,  be used f o r  s epa ra t lng   a i r c ra f t  m the same 
way t ' lat  obher  raaar equiFme3t presently  operazed  by  the CAA is used. The 
A22 presentation 1 s  not  available if one of the  other  functlons 18 in   use.  
The conparatlvely  narrow  vertlcal  wldth of the azlmuth antenna  pattern,  and 
the f a c t   t h a t   t h e  antenna can  be t i l t e d  by the  operator ,   can  resul t   easl ly   In  
tae  1cs3 of t a rge t s .  

The precls lon cppproach radar (PARj Punctlon of Quadradar  proved t o  
be I t s  most meful   fea ture ,   wl th  performance s lml l a r   t o   t ha t  of other  typeE o! 
PAR equlpment. The Quadradar  equipment  has several  advantages. 

1 It ran be  used f o r  long straight-ln precision approaches s t a r t m g  
from maxlmm radar  range 

2. The azimuth  antenna  scans a 30" horlzontal   angle,   rather  than  the 
20" s r a n  of the PAR-1 radar 

3 The elevatlon  cursor can be a d p s t e d  so as t o  form a s teep elide 
path f o r  hellcopter  approaches 

4 If a s u i t a b l e   s l t e  i s  available,  It can  cover  the  approach  paths t o  
f m z  different runways. The azlmuth and elevation  cureors  can be prealiened 
t i l  permit f o v r  different  precmion  approaches,  whlch may be any comblnction 
of the f o u r  rumrays and hlgh o r  low gllde-path  angles t o  the same o r  d i f f e ren t  
runways . 

The hel&t-f indcr   funct ion would be of l l t t l e  value f o r  a l r  traff1-2 
control  purpnscs. However, it m l g h t  be useful   in  some types of a i r c r a f t  
enerpmcles,   or f o r  estlmatlng  the  hclghts of  the  bases and tops of cloud 
bUlldQ>E 

It was determined  that  the relatively slow ra t e  o f  antenna rotation, 
and lack  of   resolut lon  in   the  a l rport   surface  detect lon equipment (ASDE) 
funct-on make accurate   dlrect lon of t a x l u g  a i r c ra f t   ex t r eme ly   d l f f l cu l t .  
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The accuracy and resolution of the  surveil lance and precis lon 
approach  functions were wlthm t h e   l m l t s   s p e c l f ~ e d  m the ins t ruc t lon  liter- 
ature  supplled by the manufacturer. The cursor  accuracy was not  withln  the 
specifled  tolerances a t  close  ranges. It was not   possible   to   invest lgate  
c ~ r s o r  accuracy 1n grea te r   de t a l l  because of tune  l lmltations.  

Informatlon  obtained  durmg  the fllat tes ts   lnd lca tes   tha t  
present CAA fllr&t-checkmg  procedures  are n o t  adequate  for  checklng this 
type of equlpment. Recommendations r e l a t lve   t o   des l r ed  improvements in 
fl@t-checkmg  procedures  are  Included 111 t h i s   r epor t .  

Tcst  equzgment supplled  wlth  the  Quadradar was not  adequate f o r  
malntenmce  purposcs. T3e lnd1vldual u n l t o  are  accesslble and have suff l -  
c l en t   t e s t   po ln t s  f o r  ma-ntenance work. Malntenance of the  antenna system, 
trannmltrer, and recelver  would be very difficult under adverse  weather 
condltlons unless the equlpment 1s placed 1n a buildmg. 

INTRODUCTION 

I n   J d y ,  1957, the CAA Office of Alr Navlgatlon  Faclllties  advlsed 
the Technlcal  Devclopnent  Center (TDC) t h a t  a Quadradar  bemg  delivered t o  
the Army Signal Corps could be d lver ted   to  TDC f o r  a perlod of 30 days,  and 
requested  that  an evaluation be  conducted, A 50-kilowatt (kw) sys tm,  w l t h  
500 f e e t  of rcmotmg  cable, was subsequently  recelved on July 19, 1957. 

The Quadradar i s  manufactured  by G d f l l l a n  Bros., Inc., and 
opcrateo in the X band between  9,000 m d  9,160 megacycles (Mc). 511s equip- 
ment has a ml l l t a ry  nomenclature of “Radar Se t  AN/FPN-33” and was d e s l p e d  
t o  be s e t  up qulckly and placed m operation by a mlnmum of personnel, and 
t o  be transported  by  surface  or a n .  As the nme implies ,   th ls  equipment 
1s intended t o  perform four  radar   funct ions-   survei l lance (ASR), precis ion 
approach (PAR), height-fmdmg, and t a x i  (A.SDE). 

I n s t a l l a t l o n  of the Quadradar was  made a t  the  operatlng  locatmn 
by TDC and Gllf l l lan  personnel .  The i n s t a l l a t i o n  of a control-tower  coordl- 
natlon  Interphone,  air/ground and pomt-to-point   t ransmit t ing and receiving 
equlpnent,  etc.,  was completed,  and opera t ing   cont ro ls   fml l ia r rza t ion  was 
begun on July 30, 

The 50-lcw system was operated  untl l  August 5 ,  1957, a t  whlch tlme 
the 50-k~ component8  were replaced  by 150-kw components. Shlpping com- 
mitmcnts dictated  the  dlscontmuance of evaluatlon of the Quadradar on 
August 14, 1957. 
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The evaluation was conducted for  the purpose o f  observing: 

1. Accuracy and other performance charac te r l s t lcs .  

2. Equipment r e l l a b l l l t y  and s t a b l l l t y .  

3. Mamtenance  requlrementa. 

4. Fll&t-checkmg  procedures. 

5. The f e a s l b l l l t y  of sh l f t l ng  from one functlon t o  another,  such 
as ASR t o  PAR. 

6 .  D l f f i c u l t ~ e s  encountered In a t t emptug   t o  conr,rol. more than one \ 
alrcraft  z t  one tlme and possible   appl lczt lon  a t   a l rports   havlng 
only  lmlted  radar  requlrementa.  -.J 

- -  I I -,,+>,'' 
~ I *  

7. Whether monltorlng  provlslons  ere  adequate. 

EQUIPl4ENT DESCRIPTION 

The Quadradar antenna  system  conslsts of two parabol lc  antemas 
mounted on a rotatable  pedestal ,  whrch in   turn i s  momted  atop  the 
transmltter-recelver  case  as shown In Flg ,  1. Rotatlon of the common ped- 
estal   permlts  hel$t-flndlng o r  preclslon-approach operations i n  any deslred 
dlrect lon.  Each p a r a b o l ~ c  antenna has n scan  functlon of Its own, whxh 1s 
derlved f r o m  a common scan motor ard appropriate mechanical linkage. One 
antema 1s horlzontal  and may rotate  throughout 360" a t  15 revolutions  per 
mlnute (rpm) for   tax1 o r  s u r v e ~ l l m c e  OperatLon, or It may swmg back ar,d 
f o r t h  throu& a 30' sector f o r  the a z m u t h  portion of the  preclslon up- 
proach  functlon. The other  antenna 1 8  ver t l ca l  and rocks vertically through 
a 7" or 31° sec tor   to   p ronde   he lght - fmdmg and the  elevatlon  portion of 
the  preclslon approach. 

The elevatlon  antenna  has a ve r t l ca l  beam wldth of approximately 
0.85" and a horizontal  beam wldth of approxlmately 2.5" ,  while  the azlmLth 
antenna  has a horlzontal  beam wldth of approximately 0.95" and a v e r t l c a l  
beanwldth of 3" cosecent  squared  to  approxlmately 30". Each of t h e   p r a b o l l c  
antennas 1s illuminated by a horn  slmllar t o  the one ueed on the  CPN-4 radar.  
Horlzontal   Folarlzatlon 1 s  used on the  azmuth  antenna and ver t lcal   polar lzat ion 
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1s used on the elevation antenna. Bowever, c l r c u l a r  polarization may be 
used on elther  antenna by turnmg a small h o b  on the  respective  horn. 

The transmltter-recei-ger group may be one of two types. In one 
type  the  nomlnal t rmsml t f e r  power 1 s  50 kw, whereas +he power of the  other 
type 16 150 kw. The  componeDts are  interchengeabie. Because the l5O-W 
unit gave lmproved performance over the 50-:W umt, It was used f o r  most of 
the   tes ts .  

The transz1tl;er uses a Type 4J50T flxed-tmed, X-band magnetron, 
which supplles a peak power of 150 kw. The modulaLor conslcto of a y 2 2  
hyd*o$D thyratron  smtch tube u t l l l z m g  a l lnear  lme-type  pulser.   Thls 
systel;  uses a O.>-mlcrosecond pulse a t  1,500 pulses  per  second f o r  a l l  
functlnns  except  tax1  operatlon. When the unlt 18 switched  to t ax l  operation, 
the  pulse  length 1s reduced  automatxally  to 0.18 mlcromcond. 

, Physically,   the  recelver  is  loce'ced az  the  dqlexer,   elmFCating 
the  need  for  the  remotely  located  preampllfler. The s lgnal  mlxer consls ts  
of 1N21-C and 1N21-R crystals  balanced t o  cancel  local  OsCillatOr  nolse. A 
Type 2K25 klystron 1s used in   the   loca l   osz l l la tor   c l rcu l t ,  which has no 
iprovl-slons f o r  automatlc  frequency  control, However, the  repeller  voltage 
may be adJusteG a t  the  lndlcator  console for optlmum tunmg on each Of the  
precision-approach acan  functlons. The r e su l t i ng  30-Mc slgnal   dr lves  an 1-f 
strip, whxh  has a gam  exceedlng  100  decibels  (db) and a ba?dwldth of 4 Mc. 
An except lon  to   thls  1s  noted m taxl  operatlon, when the  gam becomes 94 db 
wlth a bandwidth of 11*6 Mc. TAe recelver has sensitlvlty-time-control (SX) 
and fast-tlme-constant (FTC) c i rcu l t ry ,  any comblnatlon of whlch may be 
selected by the  operator.  MOving-tRr~t-indiCatOr (MTI) provislons were not 
included m the  receiver.  

A highly modlfled CPN-4 indicator dlsplays  the  selected  data in a 
form sul table  f o r  mterpretatlon.  Flgure 2 is a photograph o f  the  lndlcator 
unlt. Although the servo-ampllfler  has  been  reconstructed f o r  simplified 
operatlon,  the  orlglnal CPN-4 type of PPI s t d l  is mamtained. In order  to 
provide for a preclslon approach  display,  the  dlrectlon-finding  clrcultry 
was replaced  with a new deflect ion system, whlch dlsplrtys  vertical  and 
azlmuth  data versus range on a b e t a - t p e  scan. 

T 

The control-lndlcator group  measures 24 lnchee i n  depth, 22 inches 
In  width, and 43 1/2 Inches  In  helght. When placed upon the power supply 
group the   ova -a l l   he igh t  1 s  Increased  to 59 inches. 

Operatlonally,  the  Quadradar  dlffers materially in  several  
s lgnlf icant   respects  from radar equlpment presently used by CAA. 
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1. All of the controlo  necessary  for  alignment are on the  face of the 
indicntor unlt, and are  avallable  to  the  operator.  

2 The precislon-approach  fmction  takes  the fo-m of a beta-scan 
preser-tatlon on the  face of  the  cathode  ray  tube  In whlch the   ehvat lon  and 
azimL,:l dmplays are presented  respectlvely on the upper end iower halves of 
the  tube  face  In  the  usual manner, buk 1x k,h:c:? the  time  base sweep extends 
horizontal ly  and moves vertically rather  than  angularly  across  the  dlsplay.  
See Flg.  3. 

3.  The elevat ion and azunth  cursors  appear a8 logarlthmically 
progcsslve  curves,   ra+her than s t r a igh t   l l nes ,  and have  corresporrdmgly 
grm-ter exponslon. See ~ l g .  3. 

4. The PAR presen ta t lm  1 s  usable  throughout  the f'Xt1 40-mlle  range of 
the equ:prnent, and a 2-, LO-, 26-, o r  40-mlle d x o l a y  E ~ J  be se l ec t ed   a t  &he 
dlscrr t icm of the  operator. '&e 10-mlle  rmge 1s expcwnt la l ly  expanded. 

5. If proper s l t m g  1s provided,  the PAR functlon  can be used f o r  
approaches to   four  runways, the  selectlon  of  runvay  bemg  controlled from 
the  operating  posltlon. 

6. The entlre  antenna mount, including both  anteraas,   is   rotatable in 
both a clockwwlse or counterclockwlse  dnection through 385", and t h i s  
ro t a t lon  1s coatrol lable  from the operating posltlon.  See Flg. 4. 

7. The direction  faced by  the  antenna mount i s  mdlcated  durlng  the 
ASR presentatlon by a strcbe line on the face of the  cathode  ray  tube, and 
during the PAR presentatlo3 by a compass rose In the upper l e f t   co rne r  of 
the indicator  unlt. 

8. Regardless of the  functlon  selected,  the  degree of azimuth  antenna 
tllt i s  ccntrol lable  from the  ogeratlng  posltlon, from the  surface t o  25' 
above, w i t h  the degree of tllt lndlcated on a ca l lbra tea  instrument in the 
upper rlght corner of the lndlcator  unit. 

9. The elevatlon  antenna  provldes a sweep of 7" of ver t lcal   arc   durlng 
the PAR functlon and of 31' of vertlcal   arc  durlng  the  helght-flnder  functlon. 

10. The height-fmder functlon  utl l izes  the  elevatlon  portzon of the 
PAR presentatlon  out employs a d l f fe ren t  cursor.  See Flg .  3. 

The controls and indicators of the  Quadradar d i f f e r   i n  some respects 
from those found on radar equipment now i n  use by C U  and lnclude  oeveral 
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Contro ls  normally available t o  the  operators of t h e   l a t t e r  equipment. See 
FIGS. 6 and 7. From the  top of the  control-lndlcator  Goup donward ,  the 
cc:ntrols and lnd lca tors   requl r lng   ahent lon  from the  o2e-ator  are: 

- --____ P v e r   D x t r l b u t l o n  Panel -- Flpure ?A 

3.  LO TUNE EL Control 

5 .  IITRINSMITTER HV OFF 
Swltch 

6 ~ R S M I T E R  IIV ON 
Indlcator Lamp 

7. TRANSMITTEX €OVER 
Swltch 

Lights v;en transmlttcr  equlpnent  has 
overheaied, m d x a h n g  mamtenance 
a t t en t lon  1s  requlrcd.  

ON posltlon s t a r t s  scamlng act ion of 
the  antennas, throw t o  OFF posi t lon t o  
stop the  antennas f o r  f m e  tunmg. 

Controls  f lne  tunmg of the  elevatlon 
antenna rs burns. 

conkrois f lne  t u n g  of the  azlmuth 
elevatlon  antenna  returns.  

Push to   t u rn  off the  high  voltage  to 
the   t ransml t tc r ,  

Llghts to   ind lca te   tha t   the   t ransm~t te r  
hrgh  voltage 1s on. 

Controls  the 117-vol t  a-c  supply a t  the 
transrnlt ter  case,  

8. TERiirSMITTER HV RESET Push t o  turn  the  transrnlt ter  hlgh 
voltage on a f t e r  it has been  turned o f f .  

9. S T  Swltch Mamtalns   target   br l l l lance a8 the 
range varles .  

Azlmuth-Elevatlon-Rmge 
Ind lca to r   Pane l   F l a re  2 

1. MOWT P(hS1TION INDICATOR Durmg the PAR presentation indicates 
the  antenna mount posi t ion w l t h  respect  
t o  magnetlc  north. 

Durlng all f inc t lons  of the  Quadradar 
lndlcates  the v e r t i c a l  tllt of the 
az muth  an t e m a  . 



3. VIDEO GAIN Control 
(Screw Drlver  AdJwtment) 

4. I'ATEODE RAY TUBE 

5. COPPASS LIGHT Control 

6. NAV HEKD LIGHT Control 

7. FOCUS Control 

9. NAV BEAD 

10. MOUNT POSITION  STROBE LINE 

13. ELEVATION and AZIMUTH CURSORS 

Ind lca to r   Mc t lon   Con t ro l  Panel  -- 
1. FTTC Swltch 

2. FINAL  APPROACH-SURVEILLANCE - 
I3IGHT-YINDER Switch 
(SCAN SELECT Swltch) 

Controls  the  gam of the incomlng 
vldeo  signal 

Dmplays  vlsual  znfornation  concernlng 
range,  bearmg, and a l t l t u d e  of the 
radar  re t u n s .  

Controls  the  bri l l lance o f  the compass 
rose llats a r o m d  fne cathode r a y  
tu5e (CRT) . 
Controls  the brilliance of the l l gh t lng  
of the  rotatable  navlgatlon  head. 

Controls t h e  sharpness of the  display 
on +de CRY. 

Contrcls the   b r l l l l ance  of the display 
on the CRT. 

Rota tes   to   a l lgn   the   g r lds  m the 
dealred direction  across  the CRT. 

Indlcates  the  directlon  the  antenna 
m o m t  1s facmg. 

Indlcates  the  poslt lons of  tAe antennas. 

Used durlng the  helght-fmder  functlone.  

provlde  gllde-path and track  guldance 
t o  the  operator m the PAR function, 

Figure 6A 

In  ON position,  reduces  the s l z e  of 
t a rge ts  on the CRT. 

Selects   the PAR, Am, or  HEIGHT-FIhXCER 
functions. 
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3. EL CURSOR Swltch 

4. MOUNT POS Switch 

Wnen +the scan  select  swltch is in t h e  
FINAL  APPROACH poslt lon,   throv  to 
HEIGHT-FINDER posl t lon  to   display the 

posl t lon TO dlsplay  the EXVATION 
CURSOF. 

HEIGHT-FINDEB  CURSOR a d  t o  GLIDE PATH 

!%row t o  the CW posl t lon t o  rotate   the 
antenna mount clockwise, and to   the 
CCW poslzion  to  rotace  the  antenna 
munt cou-dercloeknse. 

5.  IF GAIN Control (AZ axxl EL)  Controls  the  brl l l lance of the  returns 
on the preclsion  displays. 

6 .  CURSOR ALIGN Swltch 

7. EL STROBE Switch 

Wnen p o s ~ t l o n u g  tl.e axzemae m t3e 
PLQ functx? ,  pa!: to   obtaln a sweep 
t race on ‘me CRT shotnng thc! center of 
the  scan  area o f  the eleva-clon and 
azimdth  antennas. 

Push t o  obtam  the ELEVATION AKCENNA 
STRGF LINE on the azimuth  portion of 
the PAR dlsplay. 

8. EL ANT LEFT-RIGHT C O ~ ’ , T O ~  Controls  (servofa)  the  horlzontal 
(azimuth)  positlon of the elevation 
antenna. 

9. AZ ANT UP-DOWf Control  Controls  (servoes) the ve r t l ca l  tllt 
of the azlmuth  antenna. 

10. HEIGHT-FINDER Control 

11. IiEIGHT Indicators 

Selects  the HEIGET-FINDER or the UIDE 
PATH  CURSOR f o r  presentation on the 
elevation  portlon of the  dlaplay In the 
FINAL APPROACH o r  HEIGHT-FINDER function. 

Wnen operating  In  the PAR functlon 
(SCAN SELECT swltch) w i t h  the REIGHT- 
FINDER cursor  selected (EL  CURSOR switch), 
l e f t   l nd lca to r  shows a l t l t ude  of a l r c r a f t  
from 0 t o  5,000 f e e t ,  when operating m 
HEIGHT-FINDER function (SCAN SELECT 
swltch), We right lndlcator shows the 
a l t l t ude  of the   a i rc raf t  from 5,000 t o  
50,000 fee t .  
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12. RUNWAY 1-2-3-4 Indicator Indlcates  the runway and corresponding 
cursor  selected by the CURSOR  SELECT 
swltch on the computer front  panel.  

Electronw Marker Generator 
Panel - PT.gze 63 

1. R M GAIN Control Controls  the intensity of  the r<mge 
marks 0 ~ 1  the CRT. 

2. R M RATIO Control Coatrols  the intensity of the  a l ternate  
(Screw Drlver AdJustrcent) 1-mlle  range marks on e l t h e r  PAR o r  ASR 

functlon when a rmge of not more than 
10 miles 1s selecL,?d. 

3. OFF-CENTERING ON-OET SWltCh Throw t o  +,:?e O W  p x l t l o n  t o  off-center 
the ASB o r  TAXI sv2ep  on the CRT. 

4. VERT O F F - C E ~ I N G  Control  Controls  the  posltlon of  the sweep 
vertically on +the CST. 

5.  HOR OFF-CENTERING Control  Controls the posltion  of  the sweep 
horlzantal ly  on the CRT. 

6 .  NALTICAL m s  Swltch  Selects FREC ranges of 1-3, 10, 20, or 
40 n a u h c a l  mlles for   dlsplay on tl?e 
CRT when opcratlng m the PAR 1*U-&lOn 
(SCAN SELECT swltsh), o r  SEARCH ranges 
of 1-2.5 (TAXI), 5, 10, 20, or 40 
naut lca l  mlles for   dlsplay on the CRT 
when operetmg ~n the ASR function. 

7. 15801 and 15802 Indlcators L i g h t  to   lndicate  blown fuses. 

Cursor Allpaent   Control   Panel   Fqure 6c 

1. CURSOR  SELECT Switch 

2 .  Groups 1, 2, 3, and 4 

Selects  the AZIMUTH and ELEVATION 
CURSORS f o r  one of four runways. 

Controls f o r  preallgnment of the 
azmuth and elevation  cup8ors  for  each 
of fou r  runways. 
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The remainder of the  controls   a lso  are  available to  the  operator ,   but   are  
;lot  requlred  for the actual  operatlon of the  equlpaent, and normally would 
be used  by  malntonance  personnel. 

The Ouadradar antenna  system, t r anmi t t e r ,   r ece ive r ,  and case 
together comprise one u n i t  wnlch was located  near  the  center of the   ves t  
boundary of Welr Cook Nunlclpal  Alrport a t  Indlanapolls,  Indiana. The 
con t ro l - inaxa to r  g r o m .  whlch includes  the  Indicator power skp'p')ly, scope, 
and a l l   cont ro ls   nacessary  f o r  a l l w e n t  of t'le equlpment and fo r   mte rp re -  
t a t i o n  of the radar lnformatlon  received, was >laced IJ a pdrmanent-',ype 
b u l l d u g  aloqg the west edge of t h e   a n p o r t .  See Flg.  7. 

The s e l e c t z m  of a e l t e   f o r  this ~ n s ' a l l a t ~ o n  was f a i r i y  vel1 
flxcd by 5013 f e e t  o f  remotmg cable ,  loca t lon  of a r;ul-,auie bull2mg  wlth 
co.mum:aclons, and space  for +he mdlcato.." u n l t  and l lmlted  acceas   to   cer-  
t a m  runways as a r e s u l t  of runway construccon.  %e folioi-lng sbepe 
deocrlbe  the  exact  inotaiiatlon  procedure  whxh was used. 

1. A fork llft was used t o  se t   thc  transmitter on  the  selected  s i te  
and tl12 mdlca tor  was n a t a l l e d  1n a bulldlng  located 5OO f e e t  away. 

2 ,  I n t e r c o n c c t i n g  power an& control  cables were installed 8nd the 
two unlts w m f  chcclied f o r  p roper   c lec t r lca l   opera t~on.  

3. The north-south and eaet-west runways were surveyed and corner re-  
fh2rtOrS were placed as mdlcated in Flg. 7. The re f lec tor   Ident i f led  as 
C:LA was loca ted   a t   the   po in t  of touchdown and of f se t  a dlstance  equal t o  the 
rlght-cngle  dlstance from the runway center l lne  t o  the  radar s l te .  The 
remalnlng two re f lec tors  were bracketlng  reflectors whlch located  the 
corrfspondlng  rmway  approach on the r ada r  dlsplay.  

4. The transmitter-recelver  pedestal  vas leveled by adjusting Jacks 
located m each  trlpod  leg  k-hlle  observing two f lxed  levels  mounted atop  the 
pedcstal .  

5.  A gun e l & t  was placed in posl t lon on the  comon  pcdestal and the 
pedestal   then was revolved  unt i l   the   cross   ham  in   the gun s l & t  s p l i t   t h e  
south C U  corner   ref lector .  The d l f f e ren t l a l   s e l syn  on the common pedestal  
then was orientated untll the  strobe on the surveillance dmplay  polnted 
south . 
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6 .  The precislon-approach  functlon  then was allgned for   operat ion on 
e l t h e r  runway 27 o r  36. A f t e r  placing  the  f i rs t   reference  range mark on the 
touchdown ref lector ,   the   cursor  was placed between the runway bracket   ref lec-  
to rs  by adjust ing the runway potentlometer. By adjust ing  the angle potent i -  
ometer, the  strobe also passed  through  the  polnt a t  which the  20-mlle  range 
msrk lnterseoted  the  center of scan  strobe. The elevat ion  display was aligned 
by adJUStlng the touchdown potentiometer until the  cursor  passed below the 
touchdown r e f l e c t o r  and, by adjustment of the angle  potentiometer,  the  cursor 
crclssed the  six-mlle  range mark a t  the p o m t  of mtersec t lon   wi th  the center  
o f  scan  strobe. The ghde   pa th  wed waa 2.5", which 1s the name as the  center 
of scnn  strobe used m the above ali-nt. Each of the above ad jusben t s  
mey m t e r a c t  and may requl re   readjusbent .  

-x-_. 

7 .  To align the  height-finder,  it was necessary   to   p lace   the   f i r s t  
rLmge mark a t  the mam bang. The 31' height-finder function m a  aligned 
f l r s t ,  33 it mvolves  the  only  zero  odJustment. To determme  proper  settings 
of the counters ,   the   a l t l tudea   a t  5, 10, and 15 miles were calculated  for  the 
center  uf scan, or  14.5". The f i rs t  adjustnent m a  made a t  f l ve  miles by ad- 
jus tmg  the   s t robe  counter untll the  calculated  value  for  f ive  miles was in-  
dlcated.  The or ig in  of the sweep wa8 s e t  w i t h  the  zero-adjust  potentiometer, 
and the 30" callbrate  potentlometer was adjusted s o  t h a t  the cursor   inter-  
sected  the  flve-mile  range mark a t   t h e   c e n t e r  of sweep strobe. me counter 
then was se t   to   the   ca lcu la ted   va lue   for  15 miles and the 30' angle  potenti-  
ometer was adJusted  to  mntersect  the  cursor w i t h  the   center  of sweep strobe 
and the 15-mlle rcnge mark, 

The unit then was switchea  to  the 7" helght-finder  posit ion which 
covers  the 0 t o  5,000-foot  al t i tude.  A t  a rmge  of  five  miles,  the  calcu- 
la ted   ren ter  o f  man height,  which in this instance would be 
(5080 X 5 X s i n  2.5'), was transferred  to  the  counter. Next, by adjustment 
nf the 7' callbrate  potentiometer,  the cursor was  made to touch the center  
of scan s t robe a t  t h e  polnt of mte r sec t lon  of the 5-mile range mark. A 
smllcar adjustment was  made  on the  l5-mlle  range by adjustment of the 7" angle 
potentlnmeter. A check then was run a t  10 mlles. 

After  proper  al igment of the  cureors, the counters have provisions 
fo r   s l i ppmg,  which permite set t ing  the  counter   zero  to   the  f ie ld   e levat ion.  
A t  t h i s  location, 800 f e e t  was used ao zero  or  the  elevation above meitn sea 
l eve l .  
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TEST PROCEDURES 

It was determined that ,  msnfar RB possible, a l l  fou r  flmCtl[mS of 
the r?uzdradar should be tcs-ced 2nd thct the  tests  should be Lonductcd with a 
multlengme  metal-skm  alrcraft ,  md 71th a slngle-cnglne  fabrx-covered 
ll&t a l r c r a f t .  A DC-3 and a Plper  Trl-Pacer  eq~upped  wlth a gyro-ccjmpasa 
wzre used. Both al-craf t  were flown hy mi: p!lots  experlaxed  In t,hm  tyge 
of operatlon. The equlpnent was operated  cor.nnuously d w m g   t h e   t e s t  
p r l o d .  

Swvel l lance (ASR) Funcxon cnd Covercge. 

t ecxnca l   cva lua t~on ,  ';he pernonnel maklng t k e  operatlono1  evaluotlon  per- 
E x x d  c h ~  alr/@ound comnunlcatlonn  f'mct1on8, and observzd the  range, 
coverage, and charactm of the radar returns.  Ti l -Lh the 50-1nr conpniltnis In- 
s t - l lcd ,  two circles heving a rncilL,s of 30 sta'Jte mlicn fxm the anbenna 
w r e  I'Yolm t o  exanme  fihlel6mg  effects e t  101, a,-+qes. om c i r c l e  was flown 
a t  an  al',ltude of 3,800 f e e t   m a n  sea levc; {MSL, and tne  other at 4,800 
f ee t  IEL .  The e leva t ior  of +ne a l r p o r t  1s approximately 800 fcc t  PEL, and 
for both  clrcleti  the  azimuth  antenna of the Q u a h a d m  was t l l t e d  an  indl- 
ra ted 3" above hor1zmta l3  In addltlon t o  the c l rc les ,   c lgh t  runs were made 
a: 1,000-foot  lntervols f x m  1,800 f e e t  t o  8,800 f e e t  MSL on cn  outbound 
t rack of 303' from, and f n   ~ n b o m d  ?sack of 125" to, +de antenna. Thzse run8 

also  were made wlth a 3" anmnna tllt. An aZdltlonal e l & t  runs were mode 
in a slmllar mnner using cmculnr polarlzatlon. 

Whl.le aniewx-coverage and pet tern  tes to  were helng f lo-fn f o r  the 

7 

i 

After the 150-kw components were mntal led,  two more c l rc lea  Fere 
flown as before. Runs were mode a t  1,800, 8,800, and 9,800 f e e t  Y i L  frox 
5 mlles  out  In order t o  aetermlne  vertlcal  covernge. Because of  ground c lu t -  
t e r ,  one run a t  g,&lO f e e t  MSL was made on a track of  210'. n e s e   c i r c l e s  
and runs a l l  were flown m the Dc-3. This a l r c r a f t  a l o o  waa used In  locatlng 
azveral lrnown ground t a rge ts .  

Helght-Finder  Function. 

f lnder  functlon of the  Quadradar. The f l rs t  was begun from a polnt 22 nau- 
tical mlles northwest of the  antenna a t  an a l t l t ude  of 9,800 f e e t  MSL. The 
a l rc raf t   then  descended on a t rack of 130" with  the  pilot   reportlng  each 1,OOC 
f e e t  of desrent.  The correspondmg  altltude wm noted on the  Quadradar  mdi- 
ca tor  a t  each  report. The a x c r a f t  reached 4,000 f e e t  MSL 1 mlle from the  
antenna, a t  wh~ch  pomt  a turn W ~ E  made and the 2,800- rad 1,800-foot hBL 
a l t l tude   repor t s  were made on an outbound track  of 320". Because o f  wide 
var la t lons between the  reported altitudes md those Indicated on the 
Quadradar, the he lght - fmder   t ea t  was dlecontlnued  pendlng r e a l l w e n t  of 
t h e  fqulpment by *ne Gllflllan representatives.  

Two r u n n  were made with the X - 3  m order t o  observe  the height- 



Afte r   r ea l lgmmt  of the  height-flnder  functlon,  the  second run 
was  made bepnnmg a t  a pomt  2 n a u t x a l  mrles  south  of  the  antenna a t  an 
e l t l t ude  of 1,800 f e e t  MSL. The a l r c r a f t  then cllmbcd on an outbound t rack 
of 180" t o  fin a l t l t ude  of 8,800 f ee t  MSL, which was reached 24.5 naut lca i  
mlles  south of  the  antenna, The reporting procedu-e  used  dWlng  the f l r s t  
run a lso  waa used durlng  the  second run, 

T a m  (ASDE) h n c t l o n .  

Alrport  Surfare  Detcstlm  Equlpaent (ASDE), which was  made from Gpproximately 
the sane loca t lon , l  It was ant lc lpated  that   only a cursory %',est of the 
QuaL;ractar ASDE f u x t i o n  rould be conducted. 3 1 8  proved TO be the  case. 
Bo-giver, randoin vehlcLa;. and a l r c r a f t   t r a f f l c  was observed on  most portlons 
of thc  a l rport .  I n  addltlcn,  f o u r  t a x i  runs were made on runway 36, whlch 
Wa8 Closed t o  other   tzaff lc  becaLde of construc:?;lon work, and v h c h  vas most 
near ly  v ls lb le  on the scopc In   I t s   en i l r e ty .  3 e s e  rw.a rrer* made w i t h  the 
CC-3 dl-:plane. 

Preclslon ( ~ m )  Function. 

Under VFR condltlons. Of thlE nuo;'ser, 4 vere survell lance approaches and 
100 Were preclslon  approaches. One o f  th? l a t k r  was a long,  atralght-In 
approach s t a r t l n g  a t  22 mlles from touchdovn. 

Because of the  results  obtained from a previovs  evaluation of the 

A t o t a l  of lG5 approaches were flown, a l l  of whlch were conductzd 

O f  the  100  preclslon  approachcs, 24 were controlled by 5 operators 
who were n o t   p a r t x l p a t l - g  d l r c c s l y  m the  evaluatlon. A l l  of these per- 
sonnel were experienced a l r   t r a f f l c   c o n t r o l l e r s .  However,  one had no pre- 
Vlom radar expr l cncc ,  one had prevlous PAR and ASR experlence, and three 
had previous PSR experlence  only. None o f  the  f lve  operators had observed a 
Quadradar  In  operatlon  previously, and had only a very  brlef  perlod f o r  ob- 
servatlon  prlor  to  these  approaches. A l l  operators  requlred  varylng degrees 
o f  assistance In  control  mtwlpulatlon  because  of  lack of f a n l l a r l z a t i o n .  

Rssolution. 
Azimuth resolut ion was checked f o r  both  the  survelllance and 

preclslon-approach  mnctlons by rjeans of   corner   ref ler tors  a t  the  1,000- 
and 5,OOO-foot ranges. Range resolut lon was examlned m a s lmllar  manner, 
however, the  corner  reflectors were separated by distances a t  the 1,000- and 

'E. M. Blount, S .  L. Kades, H. A .  Kay, and R.  E .  McCormlck, 
'%valuation of Airport  Surface  Detfctlon Equipment Model AN/MPN-7 (XW-l), 
Par t  I, Tcchnxal  Evaluatlon,"  Technical Development Report No. 175, 
June 1952, pp. 3 and 4. 
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5,000-foot  ranges t o  take Into conslderatlon  the  shorter  pulse  length used on 
the 150-kw tax1  functlon. The t e s t s  were made t o  verify values in  equipment 
spec l f ica t lons  and no attempt, wae  made t o  determine absolute  values. 

Acruracy 
Azimuth and range  accwacles f o r  the  surveiliance  functlon were 

exnmlned by loca t lon  and l d e n h f i c a t l o n  of flxcd g;.ound ta rge ts .  In addi- 
t lon ,  a corner   re f lec tor  was placed a t  the  range of one mlle t o  check the 
accuracy  of  the f i rs t  range mark. 

The only  acc-wacy t e s t  performed on the  preclsion-approech 
function vas tha t  of cursor  posltionlng. To as &IS, a theodollte was posl-  
tlmd on an  appropriat- runway and readmgs were taken a t  eacl; one-mlle m- 
t2rva; of an a n c r a f t  mak:n& an  approach. As each of these  theodollte 
readlnga %-as taken, a Llhotograph of the  preclslon scope was taken  slmultan- 
eousl-y. D.e t m e   a l l o t t e l  ?or these  tes ts  d l d  riot p e m l t  Jol-klng out  the 
de ta l lo  of the  photo-grld-marker technique. 

TEST XESULTS 

Controls and Operatma. 
The  number of c o n t r o l s   r e q u l r l n g   a t t e n t ~ o n  of the  operator   a t  some 

p o m t   d u r m g   n o n a l  operation of  the  equipzeat 1 8  greater   than  that  found on 
o L k r  radar  equlpnent  operated by C U  if a l l  f o u r  functions of the  QuaZradar 
are  c h l i z e d  OL one COTTTROL-ITDICAT2R GRc;rP. However, In a function-by- 
functlon  comparlsoa,  the sLaber of con'cols  necessary for the use of each 
function is approxlmatsly  the same. Detbiled  lnPormatlon  concernlng aO'L10nB 
requued  of the operator is mcluded  In Appendlx I. 

Coverage. 

and 150-kw unlts m a t a l l e d .  Coverage wlth  circular  polariza,xon and wlth  the 
50-lrw unlts Ins ta l led  1s  a h o m  by Fig. 10. The use of c l roular   po lar lza t lon  
reduced  the  range  approxmately 25 per  cent.  Generally  speaking,  the  pat- 
t cmo arc well deflncd and the  level   top of the  pat tern shown In Fig. @ In- 
d lca tes   tha t   the  recommended 3" azimuth  antenna tllt i s  proper. However, 
there 1s some lnd lca t lon   t ha t   t h l s  tllt was too  great when the l5O-h uni ts  
were used. 

F l p r e a  8 and 9 shov  t he   r e su l t s  of coverage tests  wlth  the 50-kw 

With the  antema tllt the same as for   prevlous  tes ts ,  azimuth 
p a t t m n s   a t  30 s t a t u t e  m l l e s  and altitudes of 3,800 and 4,800 f e e t  W3L fo r  
both  the 50-lcw and 150-kw un l t s  were  made. The r e s u l t s  of these flights 
skowed considerable shadowmg e f fec t s ,  whlch were expected a t   t h l s   l o c a t l o n ,  
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Beneflts of increased power were apparent,  because a t  3,800 f e e t   a l t l t u d e  
the 50-kw equlpment was unusable  while target returns  were r a t e d   a t  2 o r  
more  when the 150-kw unl ts  were msta l led .  

Resolution. 

and azmcth distances correspondlng t o  the  reflpectlve equipment speclf l -  
catlons.  In the  case of the 50-kw unit, the r e s o l u t l o n   a t  1,000 f e e t  15 lo, 
or  a separatlon of 17.5 f e e t  In azmuth and 174 f e e t  m rcnge. A t  1,000 
f e e t  the  survell lance  dlsplay was mcapable of resolving \he ta rge ts  because 
of   c lu t te r .  The three  targets   c l rc led on the  photographs of Flg. 11 ahow 
the  range and az1mu:nal r e s o l u t l o n   a t  1,000 f e e t  of the 50-kJ and 150-kw 
prerlslon-appoach  functLons.  Three tes t   t a rge ts   a re   c i rc led  on the  photo- 
graphs of Flg.  12 whlch show range  separatlon of 150 f e e t  and azimuthal 
separatlon of 3/4", o r  65.5 f e e t   a t  5,000 fee t ,  It 1s noted i n  Fig. 12 that 
one oi %he azmuth  targets  1 s  partially hl iden by a b lo rk ,  Thls was a t r ee  
about 16) f ee t   i n   f ron t  of  ;he f a m t  target.  Tie surve1:lmce display, 
Flg. 12,  i5dl:ates tha t   the  llmit of azlrnu>nal resolutlon  has been 
approached. 

Acouracy. 

nurvelllanre  radar  function. The azimuth of each  target under consldzratlon 
was obtained by se:vomg tFle  common mount unt i l   the   p rec ls ion  mount strobe 
bloected the tarC;et, and gave the  value  dlrectly on the compass rose. Range 
data  were obtalned  directly f rom the range marks.  Table I l l s t3   t he   f l xed  
ta rge ts  whlch were ldent l f ied  and used f o r  checkmg  radar accuracies. 

To detwnnne  resolutmn,  corner  reflectors krere set  a t  the range 

Fixed ground targets  were used f o r   t e s t m g  the  accuracy of the 

Target 

Gas Tank 
Power Plant 
Water Tank 
TV Tower 
T'V Tower 
Water TaRk 
TV Tower 
Mlcrowavc Tower 
Test Tower 

TABLE I 

RANG3 AND AZIMUTH ACCURACY TESE 

Tal ge t Radar True E r r o r  Radar 
No. Bcarlng  Bearlng Range 

(deg.)  (deg.)  (deg.) (n.m.) 

1 71 70.2 +0.8 6.125 
2 104 103.6 +0.4 4.5 
3 3 43 343.0 -0.8 5.5 
4 70 70.6 -0.6 6.5 
5 82 82.8 -0.8 13.1 
6 323 323.3 -0.5 8.4 
7 22 22.4 -0.4 11.0 
a 287 287.8 -0.8 13.7 
9 360 0.2 -0.2 6.8 

Map Error 
Range 
(n.m.) (per  cent)  

5.4 +0,1 
6.46 +0.04 

13.25 -0.15 
8.3'1 +0.03 

10.9 +0.1 
13.6 t o . l  
6,56 +0.24 



Performance speclflcatlons  furnished  wlth  thls  radar  state that 
s lant   ranges  shal l  be wlthln 1.0 per  cent of actual  ranges and the  lndlcated 
bear lng  shal l  be wlthln  plus o r  mlnus 2.0' of actual bearlng. Results  are 
arceptable   for   a l l   targets   except  No. 9, f o r  which the  range e r r o r  16 eXCeS- 
81ve. A t  c e r t a m  beam t l l t s ,   t a r g e t s  were plcked up which larer were l o s t  
as the  antenna tllt was changed. Examlaation of the area whlch coiltamed 
these  targets   fa l led  to  disclose any unususl bulldup of terram. Thls ef- 
feLt may be -he r e s u l t  of varymg  propagatlod  effects a t  various a2;muthE 88 

the  antenna tllt 18 changed. 

Accuracy  checks of the  pxclslon-approach  fuuctlon were l lml t ed   t o  
ve r l f l ca t lon  of c w ~ o r  poslt1oa  accuracy. A l l w e n t  1 s  acconplmhed by 
servolcg '&e comon mowf ut11 the mount posl t lon sfrobe b u e c t s  the touch- 
down re f l ec to r  of the dcszre6 rL=?+ray. The c z c o r  a1l.g pushbutton  thcn is 
pressed  aad  the  azmuth of Ihe  elcvatlon  antema 13 adJus ted   to   b l sec t   the  
touchdown ref lec tor .  

If previous  mamtcnance allgomen'm aye correct,   the azimuth cursor 
passes between runway reflcc:o:s B and C and termmates a t  the touchdo-m 
pomt  as shown m Flg.  13. The elevatlon  cursor,   whch 11 thls Instance was 
s e t   f o r  a 2.5" glide path,  termmates a t  the touchdown re f l ec to r  A of the 
elcvat lon dlsplay. Table I1 shows elevatlon  cursor  poslt lon  errors  obtalnfd 
from Flg. 14, and Table 111 shows azimktk cursor  posltzon  errors  obtalned 
from Flg. 15. 

ELEVATION CURSOR ACCURACY mSTS 

A n c r a f t  Calculated 
Elevation Cursor Angle 
(deg-ees) (degrees) 

2.67 
2.43 
2.52 
2 .'I 
2.59 
2.96 
3.2 

Calculated 
E r r o r  
( f e e t )  



TABLE 111 

AZIMUTH CV'SOR ACC'JRACY TESTS 

R a r g e  Alrcraft   ralculated  Calculated E r r o r  
Nautval  Mlles kz Iwuth Curs o r  A% lmu'3 f r o 3  Approach PO+h 

(degrees) (dcgrces: ( f ee t )  

5 
4 

269.6 269.6 
269.7 269.7 

3 269.85 269.83 
2 270.15 270,k 
1 273 1 271 .o 

These e r rors  were cdc t i la ied  la b e  following  maxler a ocale  % l~h  100 
d l v ~ e l u a s  per Inch was used t o  measure The a m c - a f t  ps~11'3~. 03 t h e  dlsplay 
p1c:'cur-e axd by u3mg the  corxspondmg theodol.l:e r e a c l x ,  a factor  of K 
dlvlslons  per dcgreu was eskaollshed. !?k cu:so: posit loa  then TTas measured 
a d  establlshed m degreev. >3ls  measured value then vas cornoared w l ' h  th? 
dcslrcd 2.5" glide path In the   ver t lcal  and to   the  correct   posl t lon In  the 
azirnc!A to   e s t ab l l sh  -he error .   Izs t ruct lon books obtamed  wlth  thls  egulp- 
meat lndlcate That the  elevation  cursor 1s accura-,e t o  wlthin 0.3 p a  cent 
OS true range plus o r  minus 20 fee t ,  end 'ne azlmkzh cumor i s  accwat: to  
wl txa  0.4 per  cent o f  the tzue rmge  plus  o r  mmus 20 f ee t .  E l ~ v a t l o n  
c r r o r s   a t  o x  and two mlles were g:ea?er than  thecz llmlts. 'This probably 
r e s u l t s  from the use of a ul;npllflcc. cmsor  ellgnment  procedure.  kzlnt.t? 
errors also exzeccd equ~psment l lml t s  a t  c m  and two miles, and thls may br3 
the   r c su l t  of f c d u r e  of the  radar  operators  to  poslt lon the curaor between 
the  bracket  reflectors  properly. 

Survell lanre (iiS;i) Function. 

functmn, +he opcrat;on of  the  controls and the  appearaxe of the CRT were 
cssent la l ly   the  same as other  radar equipment preseat ly  used by the CAA with 
one outstandmg  exceptlon. Thc a l rc raf t   re turns  were small,  but were 
comparable t o  those  appearing on CPN-18 type  equlpnent 

Durlng  the c o c s e  OS the   t cs t s  It was determlncd  that, 111 the PSR 

The exceptlon ?as the  t l l tmg-aritema  feature,   the  Control of  whlch 
was f o w d  t o  be very slmllar t o  the control of the  antenna servo of the 
PAR-1. OperatLonally,  the  ozlmuth  antenna-tllt  feature of the Quadradar 
serves two purposes.  Flrst, ~t can be t i l t e d  so  t h a t  no returns n r e  recelved 
f r o m  ground targets ,   thereby  e lmmating ground c l u t t e r  from the CRT preaen- 
ta t lon.  Second, It peimits  extended  coverage by t i l t l n g   t h e  antema downward 
toward  the  horlzon. 
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The feature  that   enables  thrs  equlpnent  to  perform the dual purpose 
outllned above also compromises Its use m accompllsh~ng t h o s e  purposes. The 
VLrtlCal  coverage of the Quadrsdo: azlmuth  antenna 10 Coqara t lVdy  narrow, 
app2xmm5ely 6,000 f ee t ,  and the beam 1s sharply  deflned on bo+& the  top 
a d  bo+tom. During eesh rofatlon  the  antema 1s mcanxng a segmmt of alr- . 
space of r e l aL lve ly  narrow v c r t x a l  cross sectlon. It h e n  would be poa- 
S l b k  t o  havc t h r e e   a 3 r c r a f t   a t   a l t l b d c s  of 12,090, 8,000, and 4,020 f e e t  
@X, wlt l?  only one of thc  three  amcraf t   present lag a UsabLC r e tu rn  on the 
CRT dlsplay. 

-, 

One of the exlshng  standardn f o r  pos l t lve   ldcnt l f i sa t lon  of radm 
t?rgs%s 13 observamon of P departmg a l rc raf t   wl th ln  one mlle of  the en?! of 
the runway, and this 1s p a r t i c u l x l y  useful In the  opmatloa of depmtm?-  
control r a d a r s .  It 1s thco,"i'tlcQlly pcmlble  t o  nrcom>llsh  suck ldent l f lca t lon  
by  thc use of the  t l l tmg;- ,utcnna featui-c of the Quadradar. However, sevsra l  
attempts t o  do thls were almost  completely  unsucceclsful, and seemed t o  be 
dcpentkn?, upon 'dl? r a fc  of c l m b  of the   n l rc raf t ,  t he  most O U C C C ~ E  bemg 
achleved  durmg a rapld  c lmb-out .  At beot, only an intermltsent ta rge t  
could be sccn and almost cons*,ant, t i l t m g  of thc antenna vas necessary 
through a rnnge sf approximately 3" t o  5" i n  order  t o  malntaln LI o p t m m  
balance  bet-men  the  target and ;he ground c l u t t e r ,  requi rmg the  undlvldzd 
attention of the  operator. Flgures 17 2nd 18 show chc artuzd appearance of 
the  dlsplay a t  the 3.2" and 5" t l l t s .  Flgure 17 has a surveyed  '6alg-t C i r -  

c lcd c t  a range of 6,115 fee t ,  whlch 1s 5 f e e t  below ths   enterm  horlzon.  At 
the 3.2" tilt shorm, t h s  t a rge t  1s v l s l b l e ;  however, a t  c tllt of 3.3" it 
disappears. F1gu-e 18 I l l u s t r a t e s  coverage f m  a tllt of  5".  It w i l l  be 
noted  that  the  lan2lng aircraft becone I n v l s l b l e   a t  one n l l e .  

It should be n o t e d  m a t  an unexpected charac te r l s t lc  was obaerved 
In  connectlon  wlth the t l l tmg-antenna   fea ture  when the l5O-b  components 
were In use. While the  antenna  pattern  appeared comparaSle t o  t h e  published 
perfmmance  data when the 50-kw components were m w e ,  t h s  wag not  always 
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t rue  of the l 5 O - k ~  components. For example, ln the l a t t e r   ca se   t he  CC-3 
airplane was t racked  to  a pomt   near ly   over   the   a r tema  a t  an a l t i t u d e  of 
9,e'lO f e e t  W L ,  uslng  an  antcnlla C,:.lt of 3 " ,  whereas Lhe  same a i r c r a f t  Could 
n o t  be observed  conslstently a t  altitudes of 1,000 t o  2,030 f e e t  IGL Wltnin 
1 mile of the  entenna uslng an  alltenna tilt of 3" t o  5".  

m e c l s l o r  (pya) Function. 

baslcal ly ,  t o  t h a t  of other  preclaLon-approach  radars, !he Quadradar, 
however, h a s   s e v e r a l   u l q u e   c h ~ ~ a c t e r i s t l c s .  

The PAR functlon of the Quadradar Tias found  t o  be very  simllar, 

The rrost obvlous  d-lfflrence i s  the a?pearance OP the azmuth end 
c leva tmn  cumom,  V~IL:~ are  prssented on the  dloplay aa  curved lines, a id  
winch are a product  of the beta-scan  feature of the Quadradar. The curved 
c u s o r s   a c t u a l l y  reprcccn.: s t r a l c h t   l n e s ,  and 11 was anJlclpated  that  some 
dlff1cuLt.y  nnght he encour,,e?ed by oporatol-s  a?cwQ?ne2 50 ->le E<lZL&lt CUT-  

s w a  o f  other radar equlon?nt. I t  vas f o m d ,  hosr_ver, ,:at the  cwvzd CLIP 

sors greaenced no opeclal  problems to   operafcrs ,  e i ther  w l t 3  o r  WLthoUt 
p;-cv~ous PAR experience, even tho@ at, some pomts  in the  approech %he 
a-tenua strobe  l lnea  appear  to be straight extensions of  the  cK-aor8.  See 
Fig. 3. 

One charac te r i s t lc  of the curved  cursors was noted; v i z , ,  when a 
t a r g e t  began t o  drift off  course o r  off  the  gllde  path, In  the  dl rec i lon  of 
t h e  curve,  such a d r l f t  was not observcd by the  operator a8 qulckly a8 a 
drlit m a d l rcc t lon  away i rop ,  o r  tangential   to,   the  curve,  It i s  pwobable 
t h a t  thorough faml lmr lza t ion  o r  expa-ience on the   par t  of the  operacor would 
t end   t o   r edme  o r  e l lmmate this cffect .  

Tile most dmt inc t ive   cha rac t e r l s t l c  of the Quadradar PAR function, 
as In the ASR fmc t lon ,  I s  assoclated  with  the  capabillcy  of  the  azimuth and 
elevation  antennas to be moved 1n two planes. ~ h l s  is i l l u s t r a t e d  by  Fig. 4. 

The azimuth antenna  scans a 30" hormontal   sector   during  precis lon 
operation, and In  acldltion, It may bc control led by the  operator Co L i l t  up- 
ward or dovnward throu& a 25' arc. The clevat lon antcma scans a v e r t i c a l  
s ec to r  of e l t h c r  7' or 31" and may be con t ro l l ed   t o  move t o  t h e  right o r  t o  
t h z   l e f t   w h l l c  scanning. The pooltlon  of  the  center of the  can, with r e -  
s p c c t   t o  the on-course and glide-path  cursors, i 0  indicated by strobe l inss 
extendmg horizontally acroas  both  the  azlmuth and tne  elevation  portlona  of 
+&e display. The aegree of tllt of the  azimuth  antenna  also is iMlca ted  5y 
a calibrated mcter  adjacent t o  the upper rlght  quadrant of the CRT. Any 
t l l t l r , g  moven;cnt of the  azlqcth  antenna is reflected In  a correspondlng 
movement vpirnrd o r  downward of the   s t robe   l ine  on the  elevstlon  portion of 
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After  thc  necessary  actions have  been complete6 f o r  changlng t o  
the PAR f u x t l o n ,  t r x  q c r a t o r  must move :he e levat lon  s l l teAua t o  the rlght 
o r   l e f t  by means of L\e servo  control so  t h a t  t:?e strobe l l n e  appea-s near 
the slde 05 ?,Le azLnud1 d-lsplsy  wwre the a l r c r a f t   b l l p  r d . 1  enter.  Thls 
muo:  bc dom t o  align  apprnxlmately  thc  center of  the  elzvation  antenna  scan 
wlih the a r c r a f t  so  t h a :  a re turn  from the   a l r c ra f t  w l l l  appear on the 
e l cvn t lon  porrlon of tke d!splayy. 

In a sunrlar ma.Lz?cr, +de azunuth a d e n x  must he t l l t e d  up o r  dowa 
by mcang of the servo  co;trol so  that   toe   smobe  l lne  apptaw on thc  elevation 
pm-tlon o f  the  dlsplay a!, approxmdtely  the l c v ~ l   a t  which The a l rc raf r ;   b l lp  
Will ap?ear. The a,qroxmate  level mdy be Judged quste  closely by refererce 
t o  thc  &de-path  cursor. Thi8 must be done so tha t  a re turn  from the air- 

c r a f t  w l l l  appear on -the azimuth  portion of t h e  dlaplay.  This  adJustment 
ie  consldcrobly lcss c r l t l ca l   t han   t ha t  of' the ele-ratlon  antenna  because of 
thc g r e r t c r  area  rovered by the  azlmuth  antenna. 

Another fac tor  which mvst be connldered 1n t h i s  connec7;lon 1 s  that ,  
as   in   the ASR f u n r t l o n ,   t l l t l n g  the azmuth  adenna downward increases b e  
ground clLttcr.  Therefore, a compromise nay be necessary between a posl t lon 
yleldlng optlmum radar re turns ,  and a posl t lon whlch y ie lds   be t te r   radar   re -  
turns  f o r  a portlon of the approach, but whlch Increases ground c l u t t e r  t o  
such  an  extcnt  that  aircraft returns  ln  some areas of  the  approach are 
blocked. Thene fac tors  wlll vary a t  d l f f e ren t  locecloss.  Also, they wlll 
be dependent, t o  a cer tam  ex ten t ,  on mdlvldual  operator  preference. It 
was found a t  t h l s  s i t e   t h a t  an l n l t l a l   p o o l t ~ o n  of the  strobe l l n e  s l l g h t l y  
below the  poln t   a t   whxh tm a l y c r a f t   b l l p  would lntercept   the gllde path 
sufr lced f o r  normal preclalon  approaches, and t h a t  only B l i & t  addl t lonal  
ndJu8tmcnt was necessary  durlng the l a s t   ml l e  of  the  approach m order t o  
ro t a ln  a sat lofactory  target   wlth a mlnlmum o f  gmund c l u t t e r .  

The horlznntal  covezage of the  elevatlon  antoma i s  much less than 
the   vc r t l ca l  coverage of the  azlmuth  actema. Because of  the  wldc-angle 
coverage  neccssary dur lng  a l r c r a f t  approaches, comislderably more  movsment of 
the   e levet lon ontonna t o  tkae rl&t or  l e f t  1s required. This is pa r t l cu la r ly  
'Sue as thf  curve of the azimuth  curaur  ~ncreases a t  an acceldrated  ra te .  The 
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movement of  the  artenxa 1 s  controlled by the servo control,  and the   r a t e  of 
movement 1s a functlon of t h e   r a t e   a t  whlch the  angle  between  the  alrcraft 
ard  the  antenna 1 s  mcreaolng, Wlen the  antennas  are  cioser  to  the runway, 
the   anzk  between t h e   a r c r a f t  and the  antenna wlll l'lcrease a t  a s l o m r  
r a t e ,  aad l e s s  movement of the  antenna w l l l  be requlred.  A t  %he t e s t  site,- 
almost  constent  at tentloa t o  the azmu+h  posltlon of Lye elevat lon  axtenla  
was requlred dmmg t he   f i na l  two miles o f  h,? aTproach and it was aecessary 
t o  move the  antenna  almost  contlnuously  durmg  tne  flaal  nlle.  Fallure t o  
do so resu l ted  In  pa r t l a1  or zomplete 138s of t a rge t  on +he  elevatlon portlon 
of the   d l sp lay   as   the   s~rcraf t   f iew  out  of the  antenna %??IT. Howe-Jer, 
redovery always was posslble within one t o  tL-ee an+s.ma sweeps. 

As  m1gh.t be cxpectea,  adeptness m t h e   m e  of The aervo  control 
proved io be much  more d l f '3cul t  t o  ecqulze  than an equdl  dexterlty  In  the 
monlpvla%lon of t he   o thc r   (on t roh ,  and d u n n g  %ne ap3roaches c o d r o l l e d  by 
personnel nor; f a m ~ l l a r  wlth tke   equmcnt ,   the  8 e m c  c>,L?;o? vas  onerated 
fo r  tam, IC appeared %ha': t \e tlme requl-ed t o  develop  proflciency  In *he 
use of th i s   cont ro l  vou!? a c t  exceed +,ha*, cxlmirllg requlrcd  to  develop 
prof 1c l a c y  1n cou t rn i lwg  P!d approaches. 

SIX approaches were made wlth two a i r c r a f t  on f m a l  approach a t  
the same time. It was found tha t   t he  t l m m g  and speclng of t h e   a l r c r a f t  
under auah conditions was v e r y   c r l t l c a l ,   p a r t x u l a r l y   l f   t u r n s   o n t o   f n a l  
approach arc made from a normal base l e g  f lve  t o  S I X  mlles from touchdo$m. 
In order   to  have b o t h   a n c r a f t  on th,s d l e p l a y   a t   a l l  tlmes so 'hat l d c n t l f l -  
cation  could bc mamtalned d u l n g  bo+& tae survei l lance and preclslon  Fortlons 
of  the  approach, lt was necessary t o  use pa ra l l e l   base   l egs   fo r   bo th   azc ra f t  
scaced a dis tance  equal   to   that  dsslred f o r  t h e n   s e p a r a t l o n  durlng tile 
Lnltlal   portion of t he   Smal  approach. 

It 118.3 e::trewly d i f f l c u l t   t o  keep both   a l rc raf t  on the  azlmuth 
and elcvatlon  portlons of t h e  dlsplay dui-lng the   l n l t l a l   po r t lons  of the  ap- 
proaehes, and a f t e r   t h e   f l r s t   a l r c r a f t  had reached a polnt  approximately two 
rnlles from touchdown, It was lmposslble t o  r e t a m  a r e tu rn  Srom the second 
a l r c r a f t  on the  elevatlon  dlsplay  because of the movement of  the  elevamon . 
antenna.  Althou& lt was not difficult t o  go back a d  plck up the  second 
a l rc raf t ,   s lnce   the   g l lde   pa th  was intercepted a t  a post four  mlles from 
touchdown, unless the  t l m m g  was very  precrse,  the second al:c;-aft already 
would be above the  gllde  path. 

Wnen the  turn  onto  fmal  approach was  made a t  a pomt   e igh t  t o  ten 
mlles from touchdown whllc  st111 on survelllance  function, and the change t o  
preelslon functlon made subsequsnt to   the   tu rn ,  It was somewhat e a s i e r   t c  lr?n 

both   a l rc raf t  on both  tne  azlmuth and elevat ion displays. However, a f t e r   t he  
f l r s t   a l r c r a f t  had  reached a polnt  approximately  tkree  mlles from touchdown, 
the same d l f f l c u l t i e s  were encountered a8 before. 
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The e leos t loa  c ~ r s o r  may be a d p s  :ea dur lng the PAX p r e a l l w e n t  
to   represent  o gllde pntn of l ess  'hon 5" for approaches by flxed-wmg  type 
c l r c r a f t ,  o r  one of more than 5" t o  enable  preclslon  approaches  to 3e made 
by hel lcqptcrs .  

Allgrment of the  equlpment for   the  f recis lon  funct lon 1s 
com?a-a'xwly  slmple. 2nd can be pe;Y >med by the  nperator  after  very little 
InBtructlon. A l l  of the controls and adzus tment polnts  necessary are 
l x o t e d  on the f ront  of the CO?JT:7OL,-INDICATGR GROUP. 

was 
pcr 

The Qvadradx appeared t o  be very  stable m opcratlon. When -it 

' lod with no lndacatlon of d r l f t ,  and w l t h  no further  adJustment of the 
cursor  controls evcn t h o u ~ h  It was chanced frequently  through a l l  four 
functaons. It must be noted  In thls comcctlon, however, thaz whenever Vne 
antenna mount 1s moved a f t e r  t he  sweep t race has  been positioned through  the 
ccnter of the  runway paral le l - l ine  corner   rcf lcctor ,   the  sweep t race n u s t  be 
rcpcloltloned. Oth-'rwlse, LIe course-lme  cursor nay not be properly  allgned 
wlth  the runway ccntcrllne,  and the  accuracy of the  approach w l l l  be 1rnpair.d. 

p r o y r l y  allgncd, It was capable of operating f o r  a t  l e a s t  an  elght-hour 

Height-Flnder  Functlon. 

pmltl irns nf the SCAN SELECT swltch. In the  HEIGZP-FINDER posit lon,  a. very 
mill lliovement o f  the REIGHT-EImER rURSOR produces a r e l a t lve ly  large change 
on the BEIGHT INDICATOR d l a l .  The height-flnder functlon  In  the FINAL 
APFRrlACH positLon 1 8 ,  In ef rcc t ,  an expvs lon  of thz HEIGHT-FIKGER poslt lon,  
and a r - l a t lve ly   l a rge  movement of the IIEIGHT-FINDER CuIiSOR produces l l t t l e  

The hel&t-fmder  functlon of the Quadradar operates m t w q  
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change on the HEIGHT IXEICAWR d l a l .  A separate  cursor 1s employed in each 
of the two posltlono,  the  cumor m the FINAL APFBOACR posit lon  operates 
through 5,000 feet ,  and the  curcor m t h e  HEIGHT-FIPDER posltlon  operates 
f r o n  5,000 throu@ 50,000 fee t .  !?he c u r s o ~ s  may be adJusted s o  tha t   t he  
flgures on the BEIGIIT  INCICATOR dlal :rill l n d x a t z   e i t n e r   f e e t  above mean 
6ea l eve l  o r  f e e t  ebove the   a l rpor t  o r  antenla, and the  allgnaeni; of the 
c u 8 o r s  I S  madz lndfpendently In eech  range. 

Durm,: the f l rs t  02 the  two runs made t o  obscrve  the  hcu&t-finder 
operatlac,   the  Lllffcrencea  betwen  the  reported  alt l tudcs of  the a l r c r a f t  and 
the  Lndlrated a l t l u d e s  v a n e d  2 o a  2lus 600 f ee t  t o  mlnus 1,200 f ee t .  The 
rui“8ors were r c a l l p e d ,  and In +ae second run h e  dlfferenLes were approxl- 
matcj;. 7LI f e e t  ln  the 2::iAL APP3OACE p061tlC3 (5,000 feet; and below), and 
VaI?le<t from 2,300 f e e t  t o  3,h30 f e e t  i n  the €LTIGIIT-FIlEE3 pofiltlon (5,OaO t o  
50,noo r ccc ) .  

It was detcrmmed l a t t r  5han an c r r o r  hc-4 been made m the 
a l l w e n t  of  the  cu?”sor in  t m  EXIGFIT-FIVD?R po815lon. HoJever, tlme l i m l -  I 

tst lons  necessltetccl  the ahsndonnent of t h e   t e s t s   a t   t h l s   p o l n t .  In addltlon 
t o  cursor alignment, the  accuracy  of che helgnt-finder functlon a l a 0  18 de- 6 

pendent upon t h e   a b l l l t y  of the  operazor t o  blsec7; the  target  w l t h  the 
c ~ r s o r .  

‘I, A -i 
,‘e <, 1 

* ‘< 
~ 

Other  randon  observations of the helghts of cloud  base8 and tops 
and of o l r c ro f t  were made. H o w i v e r ,  since  dn-cc6  contact was not established 
wlth  the  a l rcraf t ,  and the  actual alc,tudes werz not Imown, t he   r e su l t s  were 
mconclus  Ive . 
Taxi (ASDE) Function. 

reEtr1rtlor.s a ivcrcly llmlted  observatlon  of  the TAXI functlon o f  the 
Quadradar. The out1lni.s of fences and bulldlngs  could be ~ d e n t l f l e d  on th- 
d ~ p l a y ,  and  random-vehlcle and a l r c r a f t   t a r g e t s  were v i s ib l e  over the  area 
of the  a l rport  whlch WRS displayed. However, only  portlons of the  surface 
of the runway8 were v ls lb le  a t  varlom polnts on the land~ng area and con- 
siderable  smearmg of rc turns  duc t o   m s u f f l c l e n t  r e s o l u h o n  wa6 noted on 
the  dlSplay. F’lgure 12  i s  a photograph of the PPI shovrLng the TAXI 
presefitatlon, 

As cxplamcd mder the  equipment-lnstallatlon  sectlon,  terraln 

/ I  I ” _, 

B y  mmltormg  the  tower  frequenclea from the t e s t  s i t e  lt waa 
posslble t o  follow  the movement of t a x l m g   a l r c r a f t  on the  a l rport .   In  ad- 
d l t lon ,  two runs were made m each  dlrectlon on  Bunway 18-36 by  thc EC-3 
a l r c r a f t ,  It was determined that,   whlle  the  rate of ro t a t lon  of  the  azlmuth 
ant-ma was adequate for   loca t lng   f lxed  or monng ta rge ts  on the  olrport ,  I t  
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wa6 too  slow to  penul t   accurate   direct ion of a moving vehicle o r  aircraft  by 
the  operator. The lack of resolutlon  prevlously mentioned a lso  contributed 
t o   t h l s   l l m l t a t l o n .  

r 

Circular   Polar lzat lon.  
The cwcular-polar izat lon  feature  o f  the  Quadradar va8 not  

remotely  controlled from the CONTROL-INDICkXi: GROUP. In  order t o  c l rcu-  ’‘ 
l a r l y   p o l a r i w  the antennas It is necessary zo go t o   t h e   a n t e m a   s i t e  and 
manually rotate   both wave guuldes by means of a knob on each  antenna  horn. 

The llmlted  occurrence of precipi ta t ion  durlng  the  teat   per lod 
restricted observatlon of the   e f fec t  of c l rcu lar   po lar iza t lon  on prec ip l -  
t a t m n   c l u z t e r .  However,  on t d o  occasions l t  was posslblc t o  obmrve  the 
e f f ec t  durmg moderate io heavy r a m  Ln the   v lc lnr ty  of the  a l rport .  
F l g r e  19 shows I A e  dlsplay under heavy r a i n  condl-Llons wlch and rrlthout 
c l r cu la r  p o l z l z a t l o n .  Clrcular polarlzatlon  plus ‘ h s  u32 of FTC  macle I t  
paaalblc t o  t rack  a i rcraf t   tkrough moderakc r am.  I t  was not  posslble t o  
track  the small targets  dlsplayed by the Quadradar t h r o u g  the hcavy ram 
returns  whlch st111  renamed on the  dlsplay.  Clrcular  poisrization  reduced 
the  range of the Quadradar by approxmately 25 per  cent 2nd reduced the  arza 
of the  dlsplayed r e t u n s  from cloud  bulldupc. 

Malntcname . 
After  the equl?ment was placed In operation it was run 

contlnuously f o r  t he   en t l r e  t e o t  pcrlod, Altdough durlng this period  there 
were no baslc r ada r   f a l lwes ,   t ke  l’ollowlng mechanical d l f f l c u l t l e s  were 
observed: one of t i c  antenna mlcroswltches  operated  mtermlttenzly,  thc 
antenna tllt meter waa e r r a t l c ,  and the azlmuth  pedeotal  leaked some 011. 
Thc f l r s t  two d l fP lcu l t l c s  were corrected dur lng   the   t es t  perlod; slnce the 
t h l r d  d l d  n o t   e f f c r t   t h e   r e s u l t s  o f  the  test ,   no corrective act lon was taken. 

Measurements of baslc raaar performance were made with a 33-147 
A/UP t e o t   s e t ,  and are  show In  Table IY. 



Func t l o n  

Survell l  ance 

Precielon Az. 

Preclslon E l .  

Tax1 

The t e s t  equipment n e c c s s a ~ y  f o r  malclng these measuremcnts was not  included ' 
as a pa r t  of the  Quadradar. However, a small A scope mcluded  wlth tlils 
radar 18 su l tnb le  f o r  llmlted  monltormg and mamfenance work, 

The subchassis  are  quitc  accesslble and have a s u f f l c i e n t  number 
of t e s t  po ln ts   for  ease cf mamt.nance. The cursor-generator probably w i l l  
present Lie most d l f f i c u l t  mmntenance  problem. The cwsor-gznerator cmbodles 
demodulators,  nultlvlbrators, sawiocch genmator,  delay network, and coTparlson, 
d-c  am$lfiers. By meam o f  the above circuitry and approprlate  aLlgrmeat 
controls  the  curs%gemrator  provldes  four  sets of cursare f o r  use on four 
d l f f e ren t  runways.  Bcccuse of the s h k  pcrlod of operation, It was con- 
sldered-more important  to  contlnuc  other phases of the  mvestlgatlon.  In 
order t o  cxmmc the namtenmce  probleu In  more de t a l l ,  an  operatlng l o g  f o r  
a Quadradar  should be obtained. 

CONCLUSIONS 

Equ~  pnent. 
From an  operatlonal  standpolnt,  the Qu3drador has  several 

commendable features .  The four functions, p lus   the   fac t   tha t  ;t 1 s  p a s l b l e  
t o  conduct  four  separate  approaches from one s i t e ,  make It  a versatile plece 
of equlpment. The 4uadraCar a130 1s  relatively slmple to   operate ,   despi te  
the  l@rge number of controls available to  the  operator.  It nuat be recog- 
nlzed  that  adJustment of  only some of the controls 1 s  requlred  each  time a 
change of functlon i s  made. For example, severnl  consecutlve  prcclslon 
approaches t o  one runway were made In  whlch the associated changes  between 

' '# -- ^__" _-_. 
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the ASR and PAR functions were accomplished by the  operatlon of the 
followlng  controls:  the SCAN  SELECT swltch,  the RANGE NALTICAL MILES switch, 
the EL ANT LEFT-RIGEIT and AZ UT UP-DOWN control   (antema  servo  controls) ,  
and the ! 2 EL IF GAIN c o n a o l  . 

From tlme t o   t m e   d u r i n g  the tes ta ,   Interference waa noted on 
various portlons of the  dlsplay. This u t c r f e r m c e  ranged  In  intenslty 
from very llgnt t o  moderate. while t h e   s o u c e  was not defemmed, it 18 

posslble t h a t  ~ t s  or lg ln  was anborne  X-band radar,  alnce no gound-based 
X-band radar  was Immn t o  be m operatlon  in L\e vicm14dyA The e f f e c t  Of 

th ls   interference was of l l t l l e  consequence durlng  the  testa,  rrhich were 
conducted  a lnost   catnely  In  l T 5  co-dltiona, Iiowever, lf axborne  weather 
ra6.m 3739 the  source, $‘.e mcxooed use of s u c h  radar  durlng 133 condltlona 

’ R  

could  i resent  a oerlous proLl.em. 

r 
I ’ 

J ,  2 . 

?he accuracy and rcsclutlon  duricg  operatlon es a surveil lance or 
p r e c l s h n  approach  radar were s a n s f a c t o r y .  It ~ ~ 3 . 8  no? posslble to   de te r -  
mine long-term  s tabl l l ty  of operatlon  berause of time l l m l t s t l o m .  It was 
necessary  to  retune  the 10~01 osc l l l a to r   t h ree  t o  four  tlmes  each  eight-hour (), ; 

perlod.  Otherwlsc, no adJuatments were necessary. k ,  , 

I r ,  
# 

I .  

Rc‘llabil l ty of the equlpment during the t e s t   pe r iod  was sa t l s fac tory .  
An A scope a t   t he   t r ansmt te r - r ece ive r   un lz  was the  only means provlced  for 
mon;tor~ng  the  perforaance  characzerlstlcs  of  the equipment. It 1s possible 
t o  procure ‘;est equlpment to  Imp-o’re monltnrmg whlch a l so  vl1.l be useful 
f o r  malntenance pul’poses. The Tarlous  subchassls  are accessible ar.d taw? t e s t  
polnto  sufflclcnt f’3r mamtenancL purposes. Maintcnancd of the an$ennau, 
t r ansn l t t e r ,  and recelver  would be extremely  diff lcui t  under  adveroe  weather 
condltlons vhen $he equlpnznt 1s needed the most slnce tnls equlpment i s  not  
shel tered.  

The opcratmg  frequency of the  equipment is not   favorable   for   a i r  ’ 
t r a f f x   c o n t r o l  purposes  slnce precipitation attenuate8  the  radar  returno 
and c l u t t e r s  the dlsplay so thak  targem  arz   not   dlscernible   In   the  c lut terd 
areas.  Whlle c l reu lar   po lar lza t ion   reduces   d i sp lay   c lu t te r ,  I t  may not 
reduce  the  c lut ter   suff lc lent ly  under some preclp1tat;on  condltlons. 

From the  results  obtained  during  the  teat  perlod, it i s  concluded 
tha t   the  150-kw system is   super lor  t o  the 50-kw system f o r  a i r   t r a f f i c  
control .  
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Surveillance (A,%) W c t l o n .  
The prcsent ninmum separat lon  s tandards  require   that   a i rcraf t  

b c m g  vectored by  means o f  radar  r i l thln 40 n l l e s  be separated from other IFR 
t r n f f l c  by a t   l e a s t  3 mlles. On several  occasions the   p i lo t s  of the two 
a ~ r c r a f t  used In  the tes t s   repor ted   tha t   o ther   a l rc raf t ,  whlch 'nre not  ob- 
served on thc  amplay, were wlthln  three nlles of t hen   pos l t l on   a t   app rox i -  
mately  the same a l t l t u d e ,  The n a j o r l t y  of these reports  were received from 
the  Trl-Pacer, whlch was presentlng a s t rong  re turn on the   d l sp lay   a t   the  
tuw, and cnnccrnad  laygcr   a l rcraf t ,   thereby  e l inmatme  lorget  s lze  as a 
fac tor .  A l l  of  the  slgytmgs  occurred In areas  In whlch ahadowlng due t o  
ground ObJeCtS should  not  have  ocsurred,  nor could resolution have been a 
f ac to r  because of tne dlstance  separating  the tire a l r c r a f t .  It had  been 
noted previously that  changmg  the tllt of the  azinuth  antema  sometlnes 
resu l ted  m the  gam or l o s s  of ta rge ts  on the  dlsplay.  It i s   p o s s i b l e   t h a t . ,  
the l ack  of a secord  farget  In zhc reported  slghilngo was d l r e c t l y   r e l a t e d  
to the tllt of the  antenna. 

In  order  t o  lnsui-e effect ive and expedl t~ous  separat lon of a l r c r a f t  
by mans of survcll lance rad=+, It i s  necessary  that  contmuous  coverage be 
provided from the  surface  to  the highest usable   a l t l tude .   In   addl t lon   to  t h e  
l l l i t a t l o n s  unposed by thc  necessi ty  f o r  varying t he  tilt of the  antenna,  the 
Quadradar a l s o  loses thls  capabl l l ty  when a change i s  made from the  SWVell- 
lanze  functlon t o  one of the other  functlons. In the  case of the Quacli-ador, 
i t  16 not  posslblc t o  overcome t h l s   r e o t r l c t c d  use by the addition of r e -  
peater  nropes  because  changlng  the function also  a l ters   the  antenna movement, 
nccessltating  couplcte  Svpilcatloa of equlprlent  In  order to  operate  tvo 
functlons EiIQUltanCOUSly. Slmllarly,  lt 1 s  not  p rac t l cab le   t o  use repeater  
Scopes on  one functlon because of the  antenna-tllt  problen, whlch would nake 
It d l f f l c u l t   t o   e s t & l l s h  one antenna  posltlon  capable of ncetlng  the 
requirements of a l l   opera t lng   pos l t lons .  

It 1s possible  that  the  Quadradar would have sone appl icat lon in 1 " 

sltuatlons  mvolvmg  only a l lmited number of a l r c r a f t  and under  condltlons P' 

when nost of the  alrcraft   appear  over  the sane polnt  wlthln a llmlted  range I 

of altitudes. Also, It 1s posslble  that   speclnl  procedures  could be estab- 
l l shed  whlch cf ford  a conbmatlon of ARC and radar  separation, a d  which 
would pe rn l t  utilization of the surveillance functlon  for  the  spaclng of 
a l r c r a f t .  

Precialon (PAR) Function. 

and the s t a b l l l t y  of alignment appearea t o  be very good. The long-  range and 
hlgh  glldc-path  features  provlde  f lex?bill ty  of  operatlon;  the  forncr would 
be applicable a t   l o c a t l o n s  whcre long straight-in preclslon  approaches  are 

The preclslon  functlon of the Quadradar was e f fec t ive .  The accuracy 
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posslble,  and the   l a t te r   enables   he l lcopter  IFR preclslon  approaches t o  be 
made. It was not  posslble t o  t e s t   t h e  equipment  In  the  control of h e l l -  
copters,   but It  1 s  presurded tha t   the   acc l racy  of t he   h i& g l lde  path Would 
equal   that  of the low gllde path  smce  the a l l w e n t  procedures  are  the 
same. The hlgh  ghde  path can be s e t  up on any of  the  four  cursor  positions &, I 

s o  that  precislon  approaches  can be  made by both  hellcopter and fixed-wlng 
a i r c r a f t   t o   e l t h c r   t h e  same or different runweys. 

.< 

Although it was not  posolble  to  perform  an  adeq'late t e s t  of the 
capaclty  of  the Tuadra.rlar PAR function, I t  is probable  that I t  would equal 
t h a t  of any  other  preclslon  radar.  Although the longer  range of the PAR 
functlon  theo,-etlrally would  accommodate  more a l r c r a f t  on the  dlsplay S i m u l -  

taneously  than 1s The cese  wlth  other  types of precislon  radar,   the  appll-  
cat ion of thls   feature ,   usmg  only one scop?, o t i l l  would be l lmited by 
cmunicat lons  capFtbl l l t les  and rmway  acccptance  rate. 

Helght-Flnder Bunctlon. 
The hcleht-flnder  f imctlon of the Quadradar would be of l l t t l e  

value In  the  control  of a l r   t r a f f l c  bccause of i t s  llmlted  accurasy. The 
speclfled  accuracy for the 7" scan 1s 0.3 per  cent of t he   a i r c ra f t  range 
plus o r  mmus 10  per  cent of the   actual   a l t l tudc.   For   the 31' scan  the 
speclfled  accuracy 1s 0.4 per  cent of the  a l rcraf t   range  plus   or  mlnus 10 
per  cent of t h e   a l r c r a f t   a l t l t u d e .  AlLhough It night  prove  useful  In  the 
case  of  an a n c r a f t  havlng a malfunct lonlng  a l tmeter   or   radlo,  Its 
g rea t e s t   app lxa t ron   du rmg   the   t e s t s  was In making three-dimensional 
mcasurcnents of cloud  bulldups . 
Taxi (ASDE) Functlon. 

could not be conductcd  because of s i t i n g   l l n l t a t l o n s .  It i s   poss lb l e   t ha t  
s u i t a b l e   s i t m g  would produce a display of  be t te r   qua l i ty .  It was deter-  
mlncd, however, tha t   the  resolution was imsufflclent,  and the   r a t e  of 
antenna  rotatlon  too  slow t o  permlt  other than cursory direction of t a x l m g  
a i r c r a f t .  

As explained  prevlously, a thorough t e s t  of the  tax1  function 

Should the w e  of the surveillance function of Quadradar be 
contemplated, I t  is recommended t h a t  coverage be determlned  af ter   mstal-  
l a t lon   for   severa l  degrees  of antenna tllt, and tha t   char t s  o r  tables  be 
establmhed  Indlcatlng  the  expected  coverage and the  degrees of tllt t h a t  
should be used. 
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It i s  urged t h a t  any conslderatlon  glven the use of Quadradar  be 
l lmlted t o  unlts equipped  wlth 150-kw components. 

Th? v e r t l c a l l a  nounted CPT was t o o  hlgh for comforzable use over 
long  perlods of time, par t lcu lar ly  by operators of comparatlvzly  short 
s ta ture ;  or If overlays  are used. Because of the limlked use of the  hel&t-  
f lnder  function, and because  the use of i , k s  fL,nchon 1s ossoclated  wlth  the 
uppw  half  of the CRT, It  1s recomnendzd tba5  the CRT coaponent  be  lowered 
three   to  f lve Inches  Into The area now occupied  by  the H E Z I T  lndicator end 
Control,  and tha t   these  crmponenfs be removed t o  the  space  vasated above the 
new locatlon  of  the CRT. This also w l l l  have the e f f ec t  o f  brmgrng  the 
CI?T Into closer  r c l e t l o n s h ~ p  wlth t h e  most frequently used controls.  

It a l so  18 reccnxnded  that  the VICE0 GAIW, INTZNSITY, and R M 
W.l'IO cnntrols be p r o n d c d   w t h   h o b ,   r a t h e r   t h a n  Bcrew drlver,  adJustments. 

r 

It 1 s  further recome~lde2  that  a gucsd bc placcd  over  the 
t ransml t t f r  powcr swltch on the power fhstrlbuclon  pancl s o  tha t  It 1s  not 
p o s s ~ b l e   t o   t u r n  of f  the power to  the  transmlttzr  inadvertently.  

It 1s strongly  recornended  that +he circular  polarization  controls 
be minuted t o  the operating poslt lon.  

I t  1s reconmcndcd t h a t  any  equlpnents used for a n  t r a f f l c   con t ro l  
be housed In a su l tab le   she l te r  t o  fac1ll';ate  nalntenance. 

The assistance of the Army Signal Corps In  loanlng the Quadradar 
to  the  Tcchnlcal  Dcvclopnent  Center and the  assmtance of Messrs. James K. 
Johnston and Cecll Morgan o f  G l l f l l l an  Bros.,  Inc., In explamlng the  equlp- 
nent  operation, and In   a s s l s t l ng   In   s e t t i ng  up, adJustmg, and dlsnant l lng 
thls equpment, 1s gra te fu l ly  acknowledged. 

The authors  also wmh t o  acknowledge the  cooperatlon  extended by 
the  Indmnapolis  control  tower  personnel who already were operatmg under 
dlfflcult   circumstances because of airport   construct lon work in  progreoa. 
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APPENDIX I 

ommmonr OT QUADRADAR CONTROLS 

The following actlons  are  rcqulred of the operator rn order   to  use 
each of the four funct lom of the  equlpaent. It 1s not  nzcessary  that they 
be followed m the  order l ls ted,  a l t h c x ~ c  t L 6  rrfler indicated 1 s  t h a t  deemed 
most psoct icei   as  a r e s u l t  of t he   t e s t s .  

The locat ion of  each  control 16 mdlcated by reference  to   the 
fl@lXe on w h c h  lt appears.   In  al l   cases  r t   has been BEfiUi-led tnat  the 
cqulpmnt  has been %u?ned on, 1s In  operatlon, and the V E E O  GAIN and 
IN!TE:iSITf c o n ~ r o l s ,  Fig- 3, Nos. 3 and 8, the FOCLB cont ro l ,  F1g. 5B, No. 7, 
and t r c  LO TUNE AZ and E con-crols, 31g. 34, Nos, 3 and 4, have been  ad- 
justcd 80 that the  dCtioTs r e q u y e i  are essen t l a i iy  thoGe of changlng from 
one f u c t - o n   t o   a n o t h e r .  

P-ctlons - Cnn-Ion t o  Two o r  Nore Functions: (These will be referred  to   only - 
by nunbeer In  the SLiBTT3mHNCE, 

FIISDER sections whlch follow.) 
PRECISION, TAXI, a d  HEIGHT- 

1. Operate  the AZ ANI: UP-DOWN c o n t ~ o l  (FIG. 6.4, No.  9 )  as  necessary 
to   ob tam  the   op tm 'm  ve l txa l  tLt of the  azlnuth  antenna. 

2 .  Rotate  the AZ IF GAIN coatrol  (Flge 6A, No. 5 )  a8 necessary t o  
obtain  the most usable  dlsplay on the CRT. 

3. Rotate  the R M GAIN control  (Frg. 6B, No .  1) as  necessary  to  obtaln 
t h e  deslred In tens i ty  of the  range narks on the  dlsplay.  

4. AdJuot  the 3 M RATIO control (Flg. 6B, No. 2 )  so as   to   obtaln o r  
elminafe,   as  deslred,   the  alternate  one-mle  range  narks on the  dlsplay. 
(Thls Item applles  only If the TAXI, 5- or 10 nllf  range  has  been  selected 
In  the SURWILLADL% functlon, or the 10-nlle range in the FINAL APPROACH 
functlon.)  

5. Operate  the STC swltch (Fig. 3, No. 9 )  and the FTC swltch 
(Fig. 6A,   No.  1) t o  e l ther   the  ON or O F F  poslt lons,  as necessary,  to  obtain 
the  best   d lsplay on the CXT. 

6 .  Operate  the OFF-CENTERIHG  ON-OFF swltch (Flg. 613, No. 3 )  t o  the 
OFF posi t lon If ~t 1 8  deslrcd  to  off-center  the sweep  on the CRT, and ro t a t e  
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the WRT  OFF-CENTERING control (Flg. GB, No. 4) and the HOR OFF-CENTERING 
c m t r n l  ( ~ l g .  GB, NO. 5) to   pos l tmn  the  sweep In  the  desrred  posltlcm on 
the CRT. (Appllcs to   the  SUPVEiLLANCE and TAXI fmctlons  only.)  

7. Rt?tate the  NAV HEAD (Flg. 5B, No. 9) If necessary  posltlon  the 
grid l m e s  ~n the deslred dmectlon  across  the CBT. 

8.  Rotate  the COhPASS LIGHT control ( W E ,  p, No. 5 )  and th2 NAV HEAD 
LIGBT c m t r o l  5B, No. 6 j  t o  adjust   the composs rose l l gh t s  and the 
navlgatlon head llehts t o  the  deslred l e v e l  of b r l l l i anzu .  

Tr, Chanzc to Su?vel;loncc (ASR) Faction: I _ - - . ~ _ _  

1 Rotate  the SCAM SELECT sxl tch (Fig. 6A, No. 2) to  the TURVETLLANCE 
pos lnon .  

2 *  3otate  the RANG3 NYflTCAL MiLES sv l tch  (Ylg. 6B, No. 6 )  to the 
ddslred  range on the SEAECH srale .  

3. Execute,  as  necessary, I t e m  1-2-3-4-5-6-7 and 8 of the COMMON 
ACTIONS Gr ?up, 

-- T J  Change to Prcclslon Approach (Piili) Fuwtlon: 

1. Operate  the MOUNT POS swltch (Flg, 6fi ,  No. 4) t o  e l th f r   the  CW or 
CrW poa l t lm ,  depcndmg upon the  d.lrectlm of  rotatlon  deslred,  s o  aa t o  
rotate   the  antema mount, as  lndlcated by the MOUl'T POSITION STROBE LIE3 
(Flg. 6 ,  No. 10) t o  The magr,otLc bearlng of the  extended  centerline of the 
runway t'c whxh the appoach wlll be uadc. 

2. Rqtacc the SCAN SELECT swltch (Flg. 6A, No. 2 j  t o  the FINAL 
K?PROACH prosltlon. 

Alternate Mcthnd- - 
1. Rotate  the SCAN SELECT swltch t o  the FINAL APPPDACH poslt lon.  

2.  Operate the MOUn'T POS swltrh t o  e l ther  the CW o r  CCW poslt lon,  
dependlng U ~ O L  thc! dlrcct lon o f  r o t a t m n  deslred, s o  as to   ro ta te   the  an- 
tenna nount, as  Indlcated by the MOUNT POSITION lndlcator (Flg. SA, No.  l), 
t o  the Eagnnz-tlc bearmg of the   ex tcndd  ccn ter l lne  of  tile runway t o  whlch 
the  approach wlll be nade. 
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NOTE- In the f ~ r s t  nethod,  step 1 nay  be  executed a t  any time during 
the pe r lod  the ASR functlon 1s m use, whlle  the use of the 
ASR function nust bc dmcontinued III corder t o  accmpllsh  the 
a l te rna te  ncthod. 

3. Note whlch posl-clon of the RUNWAY 1-2-3-4 indlcator (Flg. 6A, 
Nli. 12) 1s lighted. 

4. If the ll&t in  s k p  3 appears m a posltlon  o%cr  than  that 
assl@ed tn thc =,;ray +;P whch  the approach w l l l  bc naoe, ro t a r s  Lhc CURSOR 
SELZCT swlCch (FIG. 6C, No. lj to the nunbered posl t ion vhhlch corresponds t o  
the  cursorfi  prcvloucly  allmed  for  the runway t o  whxh t i c  spproacrl will be 
made3. Observe tha t   t he  RUNWAY indlcator light now appears  In the poeitlon 
aee lg~ed   t o   t he   dcs l rd   xuway .  

5.  If the KEIGHT-FI?DEX CURS% 1s a2pearLpg on the  elzvatlon  portion 
or the  i l t ip la~ ,   opera te  k\e ZL CUEISOR swxkh (Flg. 6A, No. 3 )  to   the  GLIDE 
PATH pos l tmn.  

6. Rotate  the RANGE NAUTICAL MlLES s w ~ t c h  (Fig. 6B, No. 6) t o  the TAXI 
poslt lnn.  

7. Operate  the STC swrtch  (Flg. 5A, No. 9) to   the  O F F  position. 

8. Depress the CURSCR A L I G N  swltch (Fig. 6A, No. 6 )  t o  check the 
azunuth allgnnfnt of the  dlevatlm  antenna. 

9. Operate  the MOUNT POS swltch  (otep 1 or 2 above) as neccssary, BO 
as t o  p o s l t l m  the sweep mace  through  the  center of the  angle  reflector 
re turn  vn the CRT. Repeat  steps 8 and 9 If necessary. 

LO. Check tha t   the  ELEVATION and AZIMUTH CURSORS (Fig. 5B, No. 1 3 )  a re  
prqpcrly  pooltimed  wlth  respect  to  thc touchaown and bracketmg  ref lector  
re   tu rns .  

11. Rotatc the RANGE NALiTICAL MlLES swltch t o  the  deslred  range on the 
PREC scale.  

12.  Operate  the EL ANT LEFT-RIGHT control (Flg. 6A, No. 8 j  as indicated 
by Lie pooltion of the EISVATICX AM3NNA STROBE LITE (Flg. 53, No. 11) on 
the  azmuth  portlon of  the  amplay, so  t h a t  a re turn  f?m the deslred 
a l r c r a f t  1 s  obtained on the  elcvatlon  portlon of the  dlsplay. 
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13. Operate  the A2 ANT UP-DOWN control. (Flg. 6A, No. 9 )  as Indicated by 
the  posl t lon of the A Z I U T H  ANTENNA STROBE LINE (FIE. 3, No. 11) on the  e le-  
vation p o r t i n n  of the  dlcplay, s o  t ha t  a return fron tm des l red   a l rc raf t  1 s  
nbtameci on the   azuuth  port lon of the dlsplay. 

lk. Execute, as n~xessary ,  itens 2-3-4-5-7 and. 8 of the COYNON ACTIONS 
5nUP. 

2. Rotate  the M G X  NAUTICAL MLW svl tch  (Fig . GB, No. 6 )  t o  the 
TAXI poslt lon.  

3. Opxate the A2 ANT LT-DOlu'hT control (Fig. 6 ~ ,  No, 9 )  to the DOWN 
posl t lon mtll the  AZ TZT neter  (FL~. 5B, No. 21 reglstcrs 0. 

4. Executc, as necesoary, Itens 2-3-4-5-6-7 and 8 of the COMMON ACTIONS 
group * 

To Chanee GO Ecight-Flndcr  Fmctlon: 

If tile CONTROL-IEJICATOII GXOW alreadjr 1s adJu8ted f o r  the 
SURVEILLANCE  FLITCTION: 

1. Operate the MOUNT POS swltch (Fig. 6A, No. 4) t o  e i the r  the CW o r  
CCW p o s ~ t l o n ,  dependmg upon the  directlor.  of rotnt lon deslred, In order t o  
ro t a t e  zhe antenna lmunt to  the  approxmatc  poslt lon of the  desired a l rcraf t  
re turn  on the CRT dlsplay as indicated by t h e  MOUNT POSITION STROBE LINE 
(Flg. 17). 

If the CONTROL-INDICATOR GROUP already l a  adjusted f o r  the 
PRECISION APPROACH FUNCTION' 

1. Operate  the MWNT PCS swltch t o  e l the r  the CW o r  CCW poeltlon, 
dependmg upon the  dlrectlon of ro t a t lon   denned   i n  order to   ro ta te   the  an- 
tenna munt 8 0  that   the  bearlng of the  center of the antenna scan as  mdl- 
m t e d  by the MOUNT POSITION mdica-cor (Fig. 3, No. 1) w l l l  be wlthin 15' of 
the  bearlng to the d e a l r e d  a l r c r a f t .  

2. Operate the EL CURS03 swltch (FIX. 6A, No. 3) t o  the REIGKT-FINDER 
poslt lon.  
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If the   subjec t   a l rc raf t  1s  believed t o  be a t  en a l t i t ude  of 5,000 f e e t  or  
below: 

3 .  Rotate the SCAN SELFST swltch (Fig. 6A,  No.  2) t o  t h e  FIN& 
APPXOACH pooitlon. In addl t lon  to   fmct lon  selectron,   th is   act lon  a lso will 
l l l u ~ m a t e   t h e   l e f t  porclon of the HEIGHT indlcatnr  (Fig. 6A, No. 11). 

N O I F  * If the C O ~ O L - i ~ X A T O R  GROUP already is adjusted  for  the 
F I B C I S I O N  APPEOACII FUNCTION, t h l s   s t e p  alreacly wlll have been 
rmpletcd. 

If t h i  suSJect au-c-paf? 18 beile-Jed t o  be a t  an a l t l t u d e  above 5,000 f e e t .  

4. Rotate  the SCAY SELECT switch t o  %he .EEIGHT-FIWER posi t lon.  In 
addltlon t o  func”,on s e i e r  tlon, L ~ E  act lon  a lso w l l l  l lluminate the right 
port lon of the HEIGIIT 1ndlca:or. 

5. Rotate  the MEF: NAVTICAL M m S  swltch (Fig. 6B, No. 6 )  t o  t h e  
desired range on ‘Lhe PFX esalc. 

6. Operate the EL ANT LEFF-RIGHT control  ( E g .  6.4, No. 8) &a indicated 
by the  posi t lon of the ELEVATION ANmNNA STliOBE LIE3  ( F q .  3, No. 11) on 
the azxrnuY1 portion of t h u  dlsplay, so ’&at a re turn  from t h e  d e s k e d  
e r r - r a f t  1s obtalned  cn the clevatlon portlon of the dlsplay. 

7. Execute, as necenEary, I t e m  1-2-3-4-5-7 and 8 of t h e  CObNON ACTIONS 
group. 

8. Rotate  the HEIGE-FINDER control  (Flg. 6A,  No. 10) EO a s   t o   b i s e c t  
the  aii-rl-aft,  return on $ne elevation dlsplay  with the HEIGHT-FINDER CUMOR 
(Fyg. 53, No. 12). 

9. Read the  a l t l tude of t he   a i r c ra f t  on e i t h e r   t h e   l e f t  o r  the right 
HEIGHT mndlcctor as se lec ted  m s tep  3. 
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ACTION  DURING  SEARCH  OPERATIOY 
AZIMUTH  ANTENYA  ROTATES 360 &T 1 5  R P M  
ELEVATION  ANTEVVA  STATIONARY 

A Z I M U T H   A Y T E N h A   S C A h S  X 30 H O R I Z O h T A L   S E C T O R  
ACTION  DURlNC  HEIGHT  FINDIhG CJPEKATlON 

ELEVATION  AVTEUNA  SCANS A 7 O R  3 1  VERTICAL 
S E C T O R  1 5  E I T H E R  SIDE O F   A Z I M U T H   C E N T E R L I N E  

iCTION  DURING  PRECISION  OPERATION ~~~~~~ ~ ~ ~~~~~~~~~~ 

IZIMUTH  ANTEhNA  SCANS A HORIZONTAL  SECTOR 
:LEVATION  ANTENNA  SCANS A 7 OR 31 V E R T I C A L   S E C T O R  
5 EITHER  SIDE O F  AZIMUTH  CENTERLINE 

A C T I O N   D U R I N G   A I R P O R T   T A X   O P E R A T I O N  
AZIMUTH  ANTENNA  ROTATES 3b0 A T  1 5  R P M  
ELEVATION  ANTENNA  STATIONARY 

ACTION  DURIhG  PRECISION  OPERATION TO 
CHA'YGE  RUNWAYS 
AS  AN  AIRCRAFT  HEIGHT  FINDING  SYSTEM 

ANTENNA  MOUNT  ROTATES  THROUGH 
T O  TRACK IN  AZIMUTH 

385 IN   E ITHER  DIRECTION  AT 12  

A Z I M L T H   A N T E h N A   T I L T  
ELEVATION  ANTEhNA  MOVEMENT 
AZIMUTH  AYTENhA  CAN BE T I L T E D   ( S E R V O E D )  
F R O M  0 TO 2 5  
ELEVATION  ANTENNA  CAY  BE  ROTATED  (SERVGED)  
T O   L E F T  OR RIGHT 

P E R   S E C O N D  

FIG 4 FUNCTIONS OF ANTENNA  SYSTEM 
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F I G  16  APPROXIMATE  VERTICAL  COVERAGE OF C O S E C A N T E D   P A T T E R N  
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