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ISR Spectrum – and some other less often
mentioned things you can do with high power

large aperture radars
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Full ISR spectrum

From Dougherty and Farley (1960). Enhancement explained by
Yngvesson and Perkins (1968).
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Plasma line

Plasma resonance frequency fr is to first order a function of plasma
frequency fp, wave number k, electron temperature Te , electron
mass me , electron gyrofrequency fc and magnetic field aspect
angle α:

f 2r = f 2p +
3k2

4π2

kbTe

me
+ f 2c sin

2α (1)

Plasma line power:

Tp(vφ) = T
fm(vφ) + fp(vφ) + χ

fm(vφ)− KT d
dEφ

fp(vφ) + χ
(2)

(Yngvesson and Perkins, 1968)
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Haystack plasma lines
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Haystack plasma lines
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Haystack plasma lines
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Sondestrom auroral enhancement of plasma lines

(Valladares 1988; Heinselman and Vickrey 1992; Showen 1995)
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Sondestrom plasma lines

10 / 46



Arecibo plasma lines
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Arecibo plasma lines
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Arecibo plasma lines

150 meter range resolution, 1 kHz frequency resolution, 20
second time resolution.
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Arecibo plasma line, turbopause
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E-region waves
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Ion line
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Full ISR spectrum
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Ionospheric waves

(Ganguly and Behnke 1982; Sulzer 1986; Djuth 1997; Dyrud et.al.,
2008)
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Plasma line power

(Hernandez et.al., 1983)

Tp(vφ) = T
fm(vφ) + fp(vφ) + χ

fm(vφ)− KT d
dEφ

fp(vφ) + χ
(3)

(Yngvesson and Perkins, 1968)
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Conjugate flow of photoelectrons
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Upshifted/downshifted power ratio

(Evans and Gastman 1971; Cicerone and Bowhill 1971)
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Te and ve from plasma lines

Plasma resonance frequency fr is to first order a function of plasma
frequency fp, wave number k, electron temperature Te , electron
mass me , electron gyrofrequency fc and magnetic field aspect
angle α:

f 2r = f 2p +
3k2

4π2

kbTe

me
+ f 2c sin

2α (4)

Up and down shifted wavenumbers:

k± =
2π

c
[f0 + (f0 ± ff )] (5)

Because of slightly different wave numbers:

δf = fr− − fr+ ≈
f0
c

(
4ve −

12kbTe

cme

)
(6)
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Radio frequency interference (RFI)
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RFI mitigation, outlier detection (1/2)
Estimate the variance of raw voltage samples using median.

σ̂z
2 =

(
9

7

)3

median(|zt |2) (7)

Use threshold to detect outliers (eg., spikes in data).
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RFI mitigation, sample variance estimation (2/2)

Range, time, and frequency dependent estimation of variance from
measurements.

S ′r ,t′,ω =
1

N − 1

N∑
t=0

Sr ,t+t′N,ω (8)

Intermediate range, time and frequency dependent sample variance
estimate:

σ̂2
r ,t′,ω =

1

N − 1

N∑
t=0

|Sr ,t+t′N,ω|2 (9)

Now we can average the spectra at the output resolution using
variance weighted averaging:

S ′′r ,t′′,ω =
1∑M

t′=0 σ̂
−2
r ,t′,ω

M∑
t′=0

1

σ̂2
r ,t′,ω

S ′r ,t′+t′′M,ω (10)
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RFI
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RFI
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D-region, collisional dusty plasma, massive ions, smoke
particles (Fentzke et al., 2009)
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Naturally enhanced ion-acoustic lines (Ogawa et al 2011)
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150 km echoes (Chau et al 200?)
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Space debris: EISCAT Iridium-Cosmos collision
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Space debris: Jicamarca
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Space debris: Jicamarca
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Space debris: Jicamarca
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Meteors, meteor head echo
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Meteors, meteor head echo
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Meteors, meteor head echo
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Asteroids
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Asteroids
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Moon 930 MHz
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