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7.3A ANTENNA SIZE FOR MST RADARS 
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The purpose of t h i s  no te  i s  t o  point out t h a t  i t  i s  poss ib le  t o  make the 
antenna of an MST radar  too l a rge  (unless some s o r t  of focussing scheme i s  
used). And i t  i s  not j u s t  t ha t  t he  s igna l  ceases t o  become s t ronger  beyond some 
c r i t i c a l  antenna s i z e ;  the  received sca t t e red  s igna l  ac tua l ly  becomes weaker 
a s  the antenna s i z e  i s  increased whenever the t a r g e t  i s  i n  the  near f i e l d  
(Fresnel reg ion)  of the antenna. 
MST work i t  would be worthwhile t o  use a feed which i l luminated only a por t ion  
of the d i sh ,  as we s h a l l  see. 

The Arecibo antenna i s  a case i n  poin t ;  f o r  

The radar  equation f o r  a monostatic radar  ( s i n g l e  antenna for  t ransmi t t ing  
and rece iv ing)  can be wr i t t en  a s  

where P, and P 
Aef f  i s  the  antenna e f f e c t i v e  a rea ,  i s  the t o t a l  radar  s ca t t e r ing  c ross  
sec t ion  of the  t a r g e t ,  and R i s  the  range t o  the t a rge t .  (The radar  equation 
should r e a l l y  be wr i t t en  as an i n t e g r a l  over tke antenna pa t te rn ,  but we omit  
t h i s  complication here.) 
by the well-known r e l a t i o n  

a r e  the  received and t ransmi t ted  power, G i s  the  antenna gain,  

The ga in  and e f f e c t i v e  a rea  of an antenna are r e l a t e d  

2 
G = 4vAeff/h 

where A i s  the  wavelength. It i s  important t o  note t h a t  t h i s  r e s u l t  follows 
d i r e c t l y  from the r ec ip roc i ty  theorem for  antennas ( i d e n t i c a l  t ransmi t t ing  and 
rece iv ing  pa t t e rns )  and t h a t  t h i s  theorem holds f o r  any antenna separa t ion  
(e.g. , STUTZMAN and THIELE, 1981); i.e. , it app l i e s  i n  the near f i e l d  a8 w e l l  as 
the  f a r  f i e l d  of an antenna. Next w e  assume t h a t  the t a r g e t  i s  ' s o f t '  ( f i l l s  
t he  beam) and so 

c = DV 

where 0 i s  the  sca t t e r ing  c ros s  sec t ion  per u n i t  volume and V, i s  the  
s c a t t e r i n g  volume defined by the pulse length and the  beam, i .e. ,  

- 2  4a 2 Vs = QR A r  - R AX 
G (4 )  

where h2 i s  the  beam s o l i d  angle and A r  i s  the pulse length. 
and dropping propor t iona l i ty  constants gives 

Combining (1)-(4) 

D A r  
2 

R 
P I P  %- A Oar G q,-A 

2 R2 e€€ r t  (5) 

Now a l l  w e  need t o  do i s  express G i n  terms of the antenna s i z e  and the  
range. T h e  r e l a t i o n s h i p  depends upon whether we a r e  i n  the  near  or f a r  f i e l d  of 
the  antenna (Fresnel o r  Praunhofer region).  As shown i n  the  sketch below, the  
beam w i l l  be more ,or l e s s  c y l i n d r i c a l  out to a d is tance  of 1-2 x D 2 / A ,  where D 
i s  the diameter of a c i r c u l a r  (say) aper ture ,  and w i l l  spread out with a beam 

https://ntrs.nasa.gov/search.jsp?R=19840019088 2020-03-22T09:46:54+00:00Zbrought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/10372721?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


466 

width of roughly X/D f o r  l a r g e r  d i s tances  ( the  f a r  f i e l d ) .  
very approximately , 

Hence w e  can write, 

G = 4rR2/(Beam area) 

(near f i e l d )  2 4rR /A 

~ T R ~ / ( X R / D ) ~  4rA/h2 ( f a r  f i e l d )  

Expressed i n  another way, using (2)  

2 2 2  = A G/4r a A R /A (near f i e l d )  
Aef f (7) 

Z A  ( f a r  f i e l d )  

The optimum antenna s i z e  f o r  rece iv ing  the  sca t t e red  s igna l  from a given range R 
would be very roughly A 2 AR. 
s t rength  decreases with increas ing  antenna s i z e  A i n  the  near f i e l d ,  and t h a t  
t h i s  r e s u l t  has been obtained using only the  most b a s i c  p r inc ip l e s  of antenna 
theory. 
focussed i n  some way t o  g ive  a much stronger r e tu rn ,  but i n  many cases focusing 
w i l l  no t  be p r a c t i c a l .  

Note t h a t  Aeff and hence the received s igna l  

Of course, i n  the  near f i e l d  (Fresnel reg ion)  the  antenna could be 

A s  an example of how the  numbers can work out ,  consider the Arecibo 
Observatory antenna, with a diameter D of 300 m and a wavelength of 0.7 m fo r  
the  430-MtIz radar. The near f i e l d  i n  t h i s  case extends beyond 100 km w e n  
though the  d i sh  i s  not  uniformly fed  (see SHEN and BRICE, 1973, fo r  de t a i l ed  
ca l cu la t ions  of the  Arecibo case) and a t  a range of 20 km, say, (71 gives 

A feed  which f ed  only a f r a c t i o n  of the 
d i s h  should ac tua l ly  improve the signal-to-noise r a t i o  f o r  MST experiments a t  
Arecibo. These e f f e c t s  a r e  less important fo r  VHF r ada r s ,  but may s t i l l  need t o  
be considered f o r  observations i n  the  troposphere and lower stratosphere.  
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