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1- PURPOSE. This circular is to advise the aviation community of the 
inherent capabilities and limitations of radar systems and the effect 
of these factors on the service provided by air traffic control (ATC) 
facilities. 

2. REFERENCES. 

a. Advisory Circular 90-19, Use of Radar for the Provision of Air 
Traffic Control Services, dated October 29, 1964. 

b. Airman's Information Manual, Part 1. 

3. DEFINITIONS. The following is a list of basic terms which are used 
when discussing radar systems: 

a. Radar—Radio Detection and Ranging. A method whereby radio waves 
are transmitted into the air and are then received when they have 
been reflected by an object in the path of the beam. Range is 
determined by measuring the time it takes (at the speed of light) 
for the pulsating radio wave to go out to the object and then 
return to the receiving antenna. The direction of a detected 
object from a radar site is determined by the position of the 
rotating antenna when the reflected portion of the radio wave is 
received. 

b. Radar Beacon. This is sometimes called secondary radar. This 
system increases the capability and reliability of radar systems 
since it utilizes electronic components which activate transmitted 
radio waves from aircraft and are, therefore, not dependent on 
relatively weak reflected radio waves. The ground equipment 
(interrogator) sends out special radio pulses which trigger the 
airborne equipment (transponder). A series of coded radio pulses 
are sent back to'the antenna. By varying the coded returns, 



Page 2 AC 90-32 
8/15/67 

s p e c i f i c a i r c r a f t o r a l l a i r c r a f t i n a s e l e c t e d b l o c k o f a i r s p a c e 
may be r e a d i l y i d e n t i f i e d . Another f e a t u r e , which i s c a l l e d Mode C, 
i s the t ransmiss ion o f a i r c r a f t a l t i t u d e by beacon code t o the 
c o n t r o l l i n g radar f a c i l i t y . 

c . B l i p or Radar T a r g e t . The i l l u m i n a t e d spot o r s lash d e p i c t i n g a 
de t ec t ed o b j e c t which i s d i s p l a y e d on the radar o p e r a t o r ' s d i s p l a y 
equipment a t the range and azimuth ( d i r e c t i o n ) from a d e t e c t i n g 
radar . 

d. Radar Microwave L ink . A system o f r e c e i v e r - t r a n s m i t t e r s i t e s which 
r e l a y radar in fo rmat ion o v e r long d i s t a n c e s . Th i s system a l l o w s 
ope ra to r s a t a c e n t r a l c o n t r o l f a c i l i t y t o see in fo rmat ion de t ec t ed 
by radar s i t e s which a re many m i l e s away. 

4 . DISCUSSION, 

a. C a p a b i l i t i e s . The two main radar systems u t i l i z e d by F e d e r a l 
A v i a t i o n A d m i n i s t r a t i o n a i r t r a f f i c c o n t r o l a r e a i r rou te s u r v e i l ­
lance radar (ARSR) and a i r p o r t s u r v e i l l a n c e radar ( A S R ) . Both types 
combine primary radar and beacon radar f o r t h e i r d i s p l a y s . Other 
radars used t o a l e s s e r degree a re p r e c i s i o n approach radar , which 
may be u t i l i z e d f o r i s su ing p r e c i s e landing i n s t r u c t i o n s from the 
c o n t r o l l e r , and a i r p o r t sur face d e t e c t i o n equipment, which i s used 
by tower o p e r a t o r s f o r ground c o n t r o l dur ing p e r i o d s o f poor 
v i s i b i l i t y . 

( 1 ) Almost 90 ARSRs feed in fo rmat ion t o 28 A i r Route T r a f f i c Contro l 
Centers (ARTCCs) ac ros s the Uni ted S ta tes and i t s possess ions . 
The approx imate ly 200-mile d e t e c t i o n range o f the ARSR p rov ide s 
en rou te radar cove rage t o ARTCCs f o r the c o n t i n e n t a l Uni ted 
S t a t e s , excep t f o r p o r t i o n s o f nor thern Minnesota , the Dakotas, 
and the southern t i p o f Texas . 

( 2 ) There a re ove r 120 ASRs now i n use t o p r o v i d e a r r i v a l and 
depar ture s e r v i c e a t major t e r m i n a l s . Because o f v a r i e d 
func t i ons , ASRs d i f f e r from ARSRs by d i s p l a y i n g a l e s s e r range 
and by an increased antenna r o t a t i o n r a t e which p r o v i d e s f a s t e r 
and more cur rent i n fo rma t ion t o the c o n t r o l l e r . Al though 
s u r v e i l l a n c e radars do not measure the he igh t o f a t a r g e t , the 
v e r t i c a l beam width c o v e r s a l t i t u d e s ranging from ove r 60,000 
f e e t t o about 2,000 f e e t depending on t e r r a i n f ea tu r e s and the 
p r o x i m i t y o f the t a r g e t t o the radar s i t e . 
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( 3 ) More r e l i a b l e maintenance and improved equipment have reduced 
complete radar f a i l u r e s t o a n e g l i g i b l e f a c t o r . Most 
f a c i l i t i e s a c t u a l l y have some components dupl ica ted—one 
o p e r a t i n g and another which immediately takes ove r when a 
malfunct ion occurs t o the primary component. 

(4) Radar has proven t o be a subs tan t i a l a i d t o s a fe r and more 
e f f i c i e n t a i r t r a f f i c c o n t r o l even though our present systems 
a re incapable o f p r o v i d i n g f u l l coverage i n a l l a reas and a t a l l 
a l t i t u d e s . Ce r t a in l i m i t i n g f a c t o r s w i l l be discussed be low. 
I n those ins tances when radar i s not a v a i l a b l e t o a s s i s t wi th 
a i r c r a f t c o n t r o l , ba s i c nonradar procedures a re implemented f o r 
p r o v i d i n g separa t ion from other c o n t r o l l e d t r a f f i c . 

b . L i m i t a t i o n s . L i m i t a t i o n s inherent t o radar systems cause va r ious 
problems f o r radar c o n t r o l l e r s which may or may not be e l imina ted or 
minimized by the development o f c o r r e c t i v e e l e c t r o n i c f i x e s . I t i s 
v e r y important f o r the a v i a t i o n community t o r e c o g n i z e the f a c t that 
the re a re l i m i t a t i o n s t o radar s e r v i c e and that ATC c o n t r o l l e r s may 
not always be ab le t o i s sue t r a f f i c a d v i s o r i e s concerning a i r c r a f t 
which a re not under ATC c o n t r o l and cannot be seen on radar . 

( 1 ) The c h a r a c t e r i s t i c s o f r a d i o waves a re such that they normally 
t r a v e l i n a continuous s t r a i g h t l i n e unless they a r e : 

( a ) "Bent" by abnormal atmospheric phenomena such as 
temperature i n v e r s i o n s ; 

( b ) R e f l e c t e d o r a t tenuated by dense o b j e c t s such as heavy 
c louds , p r e c i p i t a t i o n , ground o b s t a c l e s , mountains, e t c . ; 
or 

( c ) Screened by high t e r r a i n f e a t u r e s . 

( 2 ) The bending of radar pu l s e s , o f t e n c a l l e d anomalous propagat ion 
or duc t ing , may cause many extraneous b l i p s t o appear on the 
radar o p e r a t o r ' s d i s p l a y i f the beam has been bent toward the 
ground or may decrease the d e t e c t i o n range i f the wave i s bent 
upward. I t i s d i f f i c u l t t o s o l v e the e f f e c t s o f anomalous 
p ropaga t ion , but using beacon radar and e l e c t r o n i c a l l y 
e l i m i n a t i n g s t a t i o n a r y and slow moving t a r g e t s by a method 
c a l l e d moving t a r g e t i n d i c a t o r ( M T I ) u sua l ly negate the problem. 

( 3 ) Radar energy tha t s t r i k e s dense o b j e c t s w i l l be r e f l e c t e d and 
d i sp l ayed on the o p e r a t o r ' s scope thereby b l o c k i n g out a i r c r a f t 
a t the same range and g r e a t l y weakening or comple t e ly e l i m i n a t i n g 
the d i s p l a y of t a r g e t s a t a g r e a t e r range . A g a i n , radar beacon 
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and MTI a re v e r y e f f e c t i v e l y used t o combat ground c l u t t e r and 
weather phenomena, and a method o f c i r c u l a r l y p o l a r i z i n g the 
radar beam w i l l e l i m i n a t e some weather r e t u r n s . A n e g a t i v e 
c h a r a c t e r i s t i c o f MTI i s tha t an a i r c r a f t f l y i n g a speed that 
c o i n c i d e s w i t h the c a n c e l i n g s i g n a l o f the MTI ( t a n g e n t i a l or 
" b l i n d " speed) may not be d i s p l a y e d t o the radar c o n t r o l l e r . 

( 4 ) R e l a t i v e l y low a l t i t u d e a i r c r a f t w i l l not be seen i f they a re 
screened by mountains or a r e be low the radar beam due t o ea r th 
curva ture . The o n l y s o l u t i o n t o screening i s the i n s t a l l a t i o n 
o f s t r a t e g i c a l l y p laced m u l t i p l e radars which has been done i n 
some a r e a s . 

( 5 ) There a re s e v e r a l o the r f a c t o r s which a f f e c t radar c o n t r o l . 
The amount o f r e f l e c t i v e surface o f an a i r c r a f t w i l l determine 
the s i z e o f the radar r e tu rn . T h e r e f o r e , a small l i g h t 
a i r p l a n e or a s l eek j e t f i g h t e r w i l l be more d i f f i c u l t t o see 
on radar than a l a r g e commential j e t o r m i l i t a r y bomber. Here 
a g a i n , the use o f radar beacon i s i n v a l u a b l e i f the a i r c r a f t i s 
equipped w i t h an a i rbo rne t ransponder . A l t i t u d e in fo rmat ion 
must be obta ined by r a d i o from the p i l o t s ince a l l present en 
rou te and a i r p o r t s u r v e i l l a n c e radars a re on ly two dimensional 
( range and az imu th ) . However, a t s e v e r a l ATC f a c i l i t i e s beacon 
Mode C i s used t o e l e c t r o n i c a l l y d i s p l a y a l t i t u d e in format ion 
t o the c o n t r o l l e r from a p p r o p r i a t e l y equipped a i r c r a f t . 

( 6 ) The c o n t r o l l e r s 1 a b i l i t y t o adv i s e a p i l o t f l y i n g on 
instruments or i n v i s u a l c o n d i t i o n s of h i s p r o x i m i t y t o another 
a i r c r a f t w i l l be l i m i t e d i f the unknown a i r c r a f t i s not 
observed on radar , i f no f l i g h t p lan in fo rma t ion i s a v a i l a b l e , 
or i f the volume o f t r a f f i c and workload prevent h i s i s su ing 
t r a f f i c i n fo rma t ion . F i r s t p r i o r i t y i s g i v e n t o e s t a b ­
l i s h i n g v e r t i c a l , l a t e r a l , o r l o n g i t u d i n a l s epa ra t ion between 
a i r c r a f t f l y i n g IFR under the c o n t r o l o f ATC. 

c . Summation. I n summary, i t i s e v i d e n t tha t radar i s h i g h l y 
b e n e f i c i a l t o the c o n t r o l and sepa ra t ion o f IFR a i r t r a f f i c , but some 
a i r c r a f t may not be seen. This f a c t , t o g e t h e r w i t h the i nc rea s ing 
amount o f t r a f f i c that i s f l y i n g w h i l e not radar i d e n t i f i e d and under 
c o n t r o l o f ATC f a c i l i t i e s , decreases the c a p a b i l i t y o f a c o n t r o l l e r 
t o cope w i th e v e r y cont ingency which may a r i s e and o c c a s i o n a l l y 
p rec ludes h i s c a p a b i l i t y t o i ssue t r a f f i c a d v i s o r y s e r v i c e s . A f t e r 
s epa ra t ion between c o n t r o l l e d t r a f f i c has been ensured, the 
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c o n t r o l l e r may then d i r e c t h i s a t t e n t i o n t o p r o v i d i n g a d d i t i o n a l 
s e r v i c e s such as radar a d v i s o r i e s t o v i s u a l f l i g h t r u l e s a i r c r a f t . 
The p i l o t who r e q u i r e s these s e r v i c e s w i l l s u b s t a n t i a l l y a s s i s t the 
c o n t r o l l e r (and h i m s e l f ) by immediate ly a d v i s i n g the c o n t r o l l e r o f 
the exac t nature o f h i s r eques t , weather c o n d i t i o n s , t ype o f 
a i r c r a f t , rou te and type o f f l i g h t p l an , a l t i t u d e , magnetic heading, 
and by understanding ATC radar and c o n t r o l l e r l i m i t a t i o n s . 
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