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Watching the electrons reconfigure themselves
gives us a peek at, e.g., lon Temperature
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By watching the electrons move in bulk (chasing
the ions around), we can ‘see’ lon Velocity
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Imaginary parts of a measurement?
What the heck is an imaginary

measurement?
How do radars measure imaginary things?

Do imaginary radars measure real things?
Time for a quick refresher...
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The actual spectrum is symmetric
about zero frequency

frequency

S (1)=s(t)cosQm f,t+¢)
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S (t)=s(t)cosQm ft+¢)

[=S (t)cosLmfit)= s(t)%[cos(gb) + COS(W ¢)]

Q=S.()sin(2xft)= s(t)%[—sin(q)) +sin2xzf, + f,)t + qb)]




Mixing to I.F. is
missing here
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Parameters
Freq: 449 MHz
Ne: 1012 m-3
Te: 2*Ti

Comp: 100% O*
v,: 10 KHz

i
-5 0
? Frequency (KHz)

1 REREELRREEE ............. —_— T|= 500
\ : ; 5 l : 5 : : D | =— Ti=1000
— Ti=1500
! i ; : 5 E : o | =— Ti=2000

0_5_ .................. .................. .................. .................. .................. S T|=2500 ||

: : Wiener-Khinchin Theorem : :

05 | | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500
Lag (usec)



1.5

Time

abuey

1.5

Time

abuey







Ambiguity Function
(smearing in range and lag)

Full 2d Ambiguity Function
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Incoherent Scatter Power Spectra

Model Power Spectral Densities
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Incoherent Scatter
Autocorrelation Functions

Model Autocorrelation Function

R Dependencies:

Range smearing might be a Vi
problem down here!
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Parameters
Freq: 449 MHz
Ne: 1012 m-3
Ti: 1500 K
Te: 3000 K
v,: 10 KHz
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Ambiguity Function Alternating Code
(smearing in range and lag)

Full 2d Ambiguity Function
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The total per-electron cross-section also a function of plasma temperatures. In

particular, the cross-section can be approximated by the following for T, less than
about 4.
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This means that ion and electron temperatures must be available to accurately

estimate electron density. It also means that the impact of the Debye length is felt

at low electron densities and at different densities for different radars (different
values of k).




Glo

Debye Length effects
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i Take home message: ISR sensitivity drops like
a rock when you drop below a “Debye length
limit”.

015 At high altitudes you have problems of R?
losses, Ne decreases, and Te increases which

0.1 all conspire against the top-side scientist. This
is especially painful at higher frequency radars

0.05 (like Sondrestrom) and explains the hard limit
| on the top of many of your plots.
0 SN NS
10 10 10




The Bottom Line

ISR signals are noisy. They are noisy regardless of how good your
system is. Lots of pulses are needed to beat that noise into
submission. But, as Thomas pointed out, don’t abuse your data!

Spectral measurements are typically done via autocorrelation
function measurements (lag profiles). This allows you to more
easily understand the impacts of range smearing in a pulse.

Range smearing exists! It isn’t always the enemy — it helps your
signal statistics, afterall. On the other hand, it can confuse things if
the amount of smearing covers up the physics you are interested
in.

One implication of this is that you must understand some of the
meta-information that follows your data through Madrigal. These
instrumental effects cannot necessarily be seen in the data alone!

When you go to interpret plots of Ne, Te, Ti, and Vi you really
should care how it was measured!



