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Remote sensing a plasma: The experimental (radar) view
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Suppose we transmit a wave towards a plasma and measure the scattered wave:

(Solid angle)

Measurable experimentally

(ionosphere is a beam 
filling target)

Physics info is here!
(1 for backscatter)



ISR 2023 Workshop: PFISR  2023-07-17 to 2023-07-24 
P. J. Erickson

Radar cross-section of ionospheric plasma

Assume a beam filling plasma at F region altitudes (300 km) with very high electron 
density (1E12 electrons per m3 - BEST CASE):

Classical electron scattering cross-section

Assume a pulse length of 10 km. 
Assume a cross-beam width of 1 km (~ Arecibo). 

Total cross section is then (10 km x 1 km x 1 km x 1E12 m^-3 x 1E-28 m^-2/e-): 

NB: Born approximation is very valid, since total amount of scattered power in the volume 
~ 1E-12.  So we can make full range profiles if we can detect the scatter. 
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-60 dBsm!  Are we going to be able to do this at all?
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Detectability of scatter from ionospheric plasma

For fraction of scattered power actually received, assume isotropic scatter 
and a BIG ~100 m diameter antenna: 

About -80 dB (1E-8): not much.  So: 

So a radar with 1 MW transmitted signal receives 10 femtowatts of 
incoherently scattered power from free electrons in the ionosphere. 

REALLY not very much. 
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Detectability of scatter from ionospheric plasma

What matters, though, is the signal to noise ratio: 

(derived later)

Typical effective noise temperatures ~100 to 200 K at UHF frequencies (430 
MHz, say). 

Assume the bandwidth is set by thermal electron motions in a Boltzmann 
sense: 

(2s are for up/down, backscatter)
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Sky Noise: The Universe Is Also Transmitting
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Nyquist-Johnson thermal noise (1928): Always present

H. Nyquist 1889-1976  
(born Nilsby, Sweden)

“Bert” Johnson 1887-1970 
(born Gothenburg, Sweden)
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Nyquist-Johnson thermal noise (1928)

Voltage spectral  
density in the circuit 
loop (= per frequency):
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Circuit loop has a temperature T 
(with thermal vibrations)

(Each resistor)

Over a range of 
frequencies:

(Each resistor)
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Nyquist-Johnson thermal noise (1928)

Good to > 10s of GHz!

(Clay Turner, Wireless Solutions, 2007)
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Detectability of scatter from ionospheric plasma

Finally, 

Workable! 

But you need a megawatt class transmitter and a huge antenna. 

1950s: technology makes this possible (radio astronomy + construction = 
large antennas, military needs = high power transmitters)
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Early Incoherent Scatter Radar
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• W. E. Gordon of Cornell is credited with the idea for ISR. 
• “Gordon (1958) has recently pointed out that scattering of radio waves 

from an ionized gas in thermal equilibrium may be detected by a powerful 
radar.” (Fejer, 1960)  

• Gordon proposed the construction of the Arecibo Ionospheric 
Observatory for this purpose (NOT for radio astronomy as the primary 
application) 

• Many different derivations in late 1950s/early 1960s

• 1000’ Diameter Spherical Reflector 
– 62 dB Gain 

• 430 MHz line feed 500’ above dish 
• Gregorian feed 
• Steerable by moving feed. 

~40 megawatt-acres
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Proceedings of the 
IRE, November 1958
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Early Experiments in Incoherent-Scatter Radar
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• K.L. Bowles [Cornell PhD 1955], Observations of vertical incidence 
scatter from the ionosphere at 41 Mc/sec. Physical Review Letters 1958:  

  “The possibility that incoherent scattering from electrons in the ionosphere, 
vibrating independently, might be observed by radar techniques has 
apparently been considered by many workers although seldom seriously 
because of the enormous sensitivity required…”
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First Incoherent-Scatter Radar
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…Gordon (W.E. Gordon from Cornell) recalled this possibility to the writer 
[spring 1958; D. T. Farley] while remarking that he hoped soon to have a 
radar sensitive enough to observe electron scatter in addition to various 
astronomical objects…”   

Bowles executed the idea - hooked up a large transmitter to a dipole antenna 
array in Long Branch Ill., took a few measurements.  

Oscilloscope + camera + ~4 sec exposure 
 (10 dB integration)~6 week setup time
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Incoherent Scattering Detectability

Bowles’ results found approximately the expected amount 
of power scattered from the electrons (scattering is 
proportional to charge to mass ratio - electrons scatter the 
energy).

BUT: his detection with a 20 megawatt-acre system at 41 
MHz (high cosmic noise background; lots of noise) implies 
a spectral width 100x narrower than expected – almost as if 
the much heavier (and slower) ions were controlling the 
scattering spectral width.

In fact, they do.



(Collective Thomson scatter == incoherent scatter)











Electrons control bandwidth

(no collective effects)

Need a >100m class  
antenna (Arecibo)!

Ions control bandwidth 
(collective effects)


Much smaller bandwidth





•Weak!

•Typically daytime only 
(enhanced photoelectron 
fluxes)

•Precise when visible: 
primary measurement is 
a frequency, not an area



Ion-Acoustic Line (“Ion Line”)


