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9. The radar equation

Noise output

The thermal noise at the terminals

»
. JN#L of an impedance Z is given by (Fig. 9.1a}

av® = 4KTR(w)df (9.1)

(a) The guadratric values add up. Let Q

be the gquadratic gain of the system

g (Fig. 9.1b)
o - IV |2
' o)
Vo Qlw) = T;“TE (9.2)
o —0 d

If no additional noise were created

(b) the quadratic fluctuation would be

Fig. 9.1. d\,?c):qkmg(w)o(w)df (9.3)

Because of additional noise sources, a noise factor F > 1 is intro-

duced, hence

dvi = 4 k T R_(wQ(wF(w)df | | (9.4)

If the input system has ng times as much noise as Zg (where ng, the

noise source factor, is > 1} :

- |
avl -4kt Rg(w)Q(w)[F(w)mg(wm]df (9.5)
“ —_— —

Fefs

This gives (Fig. 9.2)

w
(VZ) 4 kT 2 R QF df
o = g eff
w

noise
1

= 4k T Rg Qref (Feff)av B {9.6)



L.

e ¢ where
I
B =j ’ QJ—— df
ref
£
{(9.7)
> o
fz
F = %S F EL" af
Fig. 9.2. £ ref
1
Minimum detectable signal
(v2) Q(vd)
—_ siagnal _ ___ Y min. (5) = N (9.8)
(vg) (Vi) output
noise noise

The minimum signal to noise ratio at the output depends on the

detection method, the equipment etc ...

Radar signal

From (2.12) the power density inci-

dent on the target is

2
AN

W, =2 = 2G {(9.9)
co 41D

B
H
©

where G is the gain (Dn) of the
antenna. The power scattered in a
Fig. 9.3 solid angle df is (Fig. 9.3)

P .o o 42 (9.10)

i rad 4nmn

The solid angle of concern is, from (7.8},

S

an = —Egi =——6 2 Mop (9.11)
D 41p2



Therefore

2.2
¢ G2 ¢
= —— d MP
rec 64n3D4 rad tr
v
v
g
-~ 3R
g

Radar eguation

Averaged over all freguencies :

rec 3.4 "rad

64n~D

2.2
f G* A
= ——— g MPWtr)/kTBFe

ff

N

(9.12)

{9.13)
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List of symbols

a = magnetic potential (T m) o

b = magnetic induction (T)

c = (Eouolho's = 3.108 = velocity of light in vacuum (m s~1)
d = electric induction (C m 2) ' |
e = electric field (V m-?)

Ea = impressed electric field (V m

€,/h; = incident fields

F = magnetic field (A m )

J = volume current density (A m™2)

j, = applied volume current density (A m~ %)

?S = surface current density (A m )

k. =2 =28 . yave number in vacuum (m~ ')

unit vector in direction a

=1
I

a — .
D = éirectivitv {dimensionless)
F = raéiation vector (V)
G = gain of an antenna (dimensionless)
I = curfent (a)
M = mismatch factor (dimensionless)
P = polarization factor (dimensionless)
58 = electric dipole moment (C m)
ﬁm = magnetic dipole rioment (A m2)
R = distance to the origin (m}

n

0.5 .
Rco (uO/co) = 120n = characteristic resistance of vacuum (f1)
seff = effe;tive cross-section of an antenna (m2)
W

= electromagnetic energy density (J m—3)

Z, =R, + jX_, = antenna impedance (0)
2, = a load impedance (9)

£ = electromagnetic energy (J)






