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GROUND EFFECTS - MULTIPATH AND CLUTTER

Area contributing
to multipath

Area contributing
clutter at target’s range



Nadav Levanon, Tel-Aviv UniversityRadar Principles

2LECTURE D SLIDE

Near-specular scatter

Diffuse scatter
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John William Strutt
3’rd Lord Rayleigh
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Rayleigh criterion (for roughness)

a a

a

aa

a

A B

O

h

asin2OBAO hR  The difference in path length to a distant target

f <<p  specular (mirror like) reflection  smooth surface

f  p  The paths cancel each other  no reflection in the specular direction  reflection 

diverted to other directions  diffused (or scattered) reflection  rough surface

Smooth surface  f < p/2 

a



sin8
<h

The phase difference between the two pathsa


p



p
f sin

42 h
R 

smooth rough

f
p/20

At small grazing angle a, almost any surface is smooth!
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 - complex dielectric constant of the surface

K - permittivity of surface

 - conductivity of surface

0 - dielectric constant of free space

 - signal wavelength
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At very small grazing angle a:

1. The surface behaves like a mirror

2. There is a polarity change without attenuation (=1)

At larger grazing angle multiply  by “specularity” coefficient s
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MULTIPATH PROPAGATION - Distant target
(a  0)
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target at  fieldDirect 

surface of presence the intarget at  Field

|F|2 = power ratio at target

|F|4 = power ratio back at radar
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Assumes that the direct-path and 
the surface-reflected path are 
subject to the same antenna gain.
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ray clearing
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Relative received power from a target approaching at a fix height
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Receiving antenna

Chain Home Radar
Typical operating conditions: 
FREQUENCY: 20 to 30 MHz (15 to 10 meters). 
PEAK POWER: 350 kW (later 750 kW). 
PULSE REPETITION FREQUENCY: 25 and 12.5 pps. 
PULSE LENGTH: 20 μs. 
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