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• Everything centers on the "Radar Equation"

• Woah!  Where did that come from?  Too complicated!

• We'll start from basics --
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Radiation from Transmit Antenna
How Energy Disperses with Distance

• Power density for omni-directional radiation (w/m2):

• Denominator is area of expanding sphere of radius RT

• Antenna gain rearranges/focuses energy:

• Large size antenna required to focus into narrow beam

• Beamwidth in terms of antenna aperture size:      
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Scatter from Radar Target
Energy Captured Is Re-Radiated & Disperses with Distance Again

• Amount captured depends on RCS -- radar cross section (m2):

• Target shape/size determines reradiation directions, i.e.:  

• This energy (w) also diverges inversely with distance (w/m2):  

• RCS can be for discrete target (ship) or sea scatter within radar cell    
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Receiving by the Radar Antenna
Energy Density from Target is Incident on Receive Antenna

• Amount captured (w) depends on aperture area of antenna:

• For a small isotropic antenna, aperture area depends on wavelength:

• A larger antenna can receive directively, i.e., focus:  

• Directivity, DR, is proportional to gain, GR, but omits losses/inefficiency  

• At HF, external noise dominates internal noise -- efficiency not important on 
receive as it is at microwave (much higher frequency)
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Put It All Together and You Have:
The Radar Equation [almost]

• The above equation is "free space"

• There is no (sea) surface with associated losses

• We will deal with those next:  

• The above allows for "Bistatic"  --  transmitter & receiver are separated

• Simplification for "Backscatter":  RT = RR,  FT = FR.
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Propagation Modes in the Strange HF World
Free Space (Direct);  Ground Wave;  Sky Wave

• Over the sea at HF, we work in ground/surface wave mode
• High salinity/conductivity "traps" vertical polarization, beyond the horizon

• The lower the frequency, the farther you go -- above 100 MHz -- line-of-sight/direct

• Calculating FT, FT is complex but method is proven -- depends on sea state also

• For short ranges, high conductivity:  FT , FR ⇒ 1
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The Mystery of Target Radar Cross Sections
[e.g, see Radar Cross Section Handbook, Barrick et al., Plenum Press, 1970]

• Large sphere with          is standard 
radar calibration target

• Scattering pattern is omni-directional

• At HF, vessel RCS depends on height 
above waterline (vertical E-field)

• For:                             -- resonant target

• For:                           -- vanishes rapidly

• For 3 - 500 MHz, developed seas:

[Barrick, IEEE Trans. Antennas & Propagat, v. AP-20, pp. 1-10]
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From the Radar Equation to the
More Relevant Signal-to-Noise Ratio (SNR)

• Where does noise come from?
• Above 500 MHz:  internal receiver thermal origin (w):

• Boltzmann constant times absolute temperature gives noise spectral density (w/Hz)

• Bandwidth (Hz) is dictated by digital coherent processing time:

• Below 500 MHz:  external noise from atmospheric, cosmic, man-made origin

• This is represented by added factor -- increases inversely with frequency:

• Simple empirical formula for average conditions:

• Example:  At 5 MHz, Fa = 56 dB (i.e., factor of 400,000 higher than internal noise)

• Implication of Higher External Noise below 500 MHz:  inefficient, compact, low-
cost receive antennas OK because they reduce signal and noise equally

• Divide Received Echo Power by Noise Power:

  [Based on average  transmitted power and assumes "matched filter" (optimal) processing]
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