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Overview

• My E region interactions with Jean-Paul
– Cyclotron modes or just gradients?
– Slow to ultra slow modes: a pulling of HAIR 

echoes?
• Our F region debates

– The great spectral width conundrum
– The interesting anomalies

• Narrow fast spectra
• Divergent F region echoes: oh la la!
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Some of our E region debates
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The great E region cyclotron debate
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I had 2 problems
with this:

1) Should these
modes not be
Doppler shifted
by the plasma 
drift to the point of 
not being
recognizable?

2) Cyclotron modes 
in a collisional
medium seemed
counterintuitive
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Gradients as an alternative to cyclotron 
modes
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Gradients 
could explain
triple spectra
the 
connection
between
their Doppler 
shifts and 
their radar 
wavelength
dependence
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We had a 
tie:

both
theoretical
interpreta-
tions did
well
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The mysterious very slow E region
modes
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Question raised by 
Jean-Paul and 
coauthors: why a 
mix of very slow 
modes and much
faster ones?
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Answer proposed: a 
current convective 
instability.

Problems:

1- that’s a lot of 
current over 
widespread areas 
(hundreds of micro 
amp/m^2)

2- It seems to me 
that the Doppler shift 
should have been 
2Cs to 3Cs, not 0.5 
Cs
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Enter the HAIR echoes

• Jean-Paul showed me the work to see
what I’d think: it was in his mind totally
related to his 1990 paper
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Origin of Hair echoes

• Proposal by Milan et al:



University of University of 
SaskatchewanSaskatchewan

The need for a modified explanation

• Since the aspect angle is large, the 
expressions used for the frequencies
were incorrect

• Still had to find a source for the large 
amplitude of the waves at the inferred
large aspect angles
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What we proposed

• The growth of 10 m waves is slow and 
the instability is convective

• The derivative of the aspect angle can
become infinite in the convective 
description

• When the derivative becomes infinite
the waves crash and feed damped zero
frequency modes
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When modes with large aspect angle derivatives and large 
aspect angles are fed to the system the lower altitude solutions 
are purely damped modes moving with the ions
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We also had fun with the F region
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The great F region spectral shape
debate (with Hanuise and 

Gresillon as co-conspirators)
• Lorentzian, Gaussian, in between?
• What’s the meaning of the width?

– Lifetime of a structure? If so
• Ordinary diffusion?
• Weak turbulence? (Lorentzian)
• Turbulent diffusion? Self similar or not?

– Superposition of narrow features with
different Doppler velocities?

– Turbulence in the driver itself?
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What if one 
approach could be
to understand the 
origin of individual
structures and use 
self-similarity to 
understand the 
spectra?

(Work by Moorcroft 
explaining why
spectra are neither
Lorentzian nor
Gaussian)
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The great divergent F region
echoes puzzle  

(Raphael Andre as co-conspirator)
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What they said:

• Trouble with the explanation: F region would
look like E region. However, instabilities do 
not diverge in the E region!

• Alternate explanation (which took years): 
fingers grow from the center of a vortex.  
Divergence is seen when strong fingers grow
on the original fingers.
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The secondary fingers propagate at right angles from each 
other with a slightly skewed symmetry with respect to the 

primary fingers

The orientation of the secondary fingers nicely  enable 
SuperDARN to detect vortices
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Interesting F region features we
worked on while I was visiting on 

sabbatical
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Finland power closely matches 
strong convection seen by 
Iceland East, but does not match 
its own Doppler speeds!

Conclusion: Iceland sees a strong 
pinch in the flow more than a 
rotation while Finland is a good 
indicator of the magnitude of the 
sunward flow for this feature.
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The 
event
also had
a strange
region of 
very
narrow
fast
moving
echoes
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The narrow echoes:

1. Are the first F region 
echoes

2. Are at higher elevation 
angles than other F 
region echoes

3. Are inside of very near 
a region of strong 
shears

4. Are on the edge of 
more powerful F region 
echoes

5. Are very clean highly 
coherent features
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The point of all this

• Jean-Paul had a knack to zoom in on key 
problems and to present them clearly

• He  was impressive  with instrument building, 
with data analysis and with theoretical 
understanding

• He threw good challenges for us all to deal 
with. Collaboration was always in his mind.

• He was a lot of fun to interact with and he 
was a caring very good friend
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How I 
remember the 
man:

Playful yet
driven. But 
above all, a 
good friend.


