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1985 or 1986?
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© WeatherSpark.com 

https://weatherspark.com/h/s/47913/1985/3/Historical-Weather-Winter-1985-in-Paris-France
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ISEE Sounder experiment
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ADS entry !!
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Electron acceleration by mirror reflection from 
bow shock  - 1984
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19Theta_Bn = 87; Upstream electron distribution: T = 10^5 K Kappa = 4 
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Space or Time?

Alfvén Mach number = 39   but …    𝛽𝑖 = 34

Cluster

The Dynamics of Very High 
Alfvén Mach Number 
Shocks in Space Plasmas, 
APJL 2017

Torbjörn Sundberg, David 
Burgess, Manfred Scholer, Adam 
Masters, and Ali H. Sulaiman

Scudder et al 1986
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Quasiperpendicular High Mach Number 
Shocks, PRL, 2016
A. H. Sulaiman, A. Masters, M. K. Dougherty, 
D. Burgess, M. Fujimoto, and G. B. 
Hospodarsky

Cassini bow shock observations
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Looks like Cassini bow shocks!

Cluster



33

Gradual increase in density (and decrease in 
velocity) with pulses superimposed

VERY long foot with 
reflected ions!

Pulses oscillation period ~ 16 s



Comparing Cluster and Cassini

Downstream Foot Upstream

Cassini

Ma = 74, θBn =61°

Cluster 

Ma=39, θBn=85°



Upstream magnetic bursts

Minimum variance 
analysis

Both shock events 
consistent

Bursts have “wave 
packet” structure 
with single/multiple 
perturbation 
direction(s)
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Reflected ions – continuously present
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Space or Time?

If a shock is a steady structure with waves on top ….

• Which is better – space or time?

• But what controls the shock speed seen by s/c?

• For high beta – shock is more gasdynamic
• Is there a selection bias?
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