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Introduction
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Why Not?
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Some Random Numbers
• Temperature of solar corona = 1-2 million degrees K
• Solar wind speed = 1 million mph
• Solar wind ram pressure at 1 AU = 1 nPa
• Magnetospheric plasma density ~0.01-1000 cm-3 

• Compared to Earth surface atmospheric density of 2.5x1019 cm-3

• Typical solar wind motional electric field at 1 AU = 1 mV/m
• Typical solar wind parallel electric field = <1 nV/m
• Solar wind magnetic field at 1 AU = 10 nT

Department of Physics and Astronomy



Space Plasma Physics: How Hard Could it Be?
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+ sprinkle in collisions, other forces as neededHere be dragons

Maxwell’s Equations for the Fields Charge and Current Density

Equation of Motion (Lorentz Force)



So Many Particles…
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The Distribution Function
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Boltzmann Equation



Moments of the Distribution Function

Department of Physics and Astronomy



Beyond Moments
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Plasma and Particles
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In Situ Techniques: Measuring Current – 
Langmuir Probe

Vf = Probe Floating Potential, Vp = Plasma Potential

Thin SheathThick Sheath
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In Situ Techniques: Measuring Current – 
Langmuir Probe
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In Situ Techniques: Measuring Current - 
Retarding Potential Analyzer
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In Situ Techniques: Measuring Current – 
Retarding Potential Analyzer
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In Situ Techniques: Measuring Current – 
Faraday Cup
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In Situ Techniques: Measuring Current – 
Faraday Cup
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In-Situ Techniques: Counting Particles – 
Solid-State Detectors
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In-Situ Techniques: Counting Particles – 
Solid-State E Deposition
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Bethe-Bloch Formula
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In Situ Techniques: Counting Particles – Solid 
State dE/dx
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In Situ Techniques: Counting Particles – Solid 
State dE/dx
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In Situ→Remote Techniques: Cosmic Rays
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In Situ Techniques: Counting Particles – 
Dynodes & CEMs
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In Situ Techniques: Counting Particles – 
Microchannel Plates
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In Situ Techniques: Magnetic Optics
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In Situ Techniques: Electrostatic Optics
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In Situ Techniques: Top-Hat Electrostatic 
Optics
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In Situ Techniques: Top-Hat Electrostatic 
Optics
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In Situ Techniques: Counting Particles - 
Time-Of-Flight
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In Situ Techniques: Carbon Foils
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In Situ Techniques: Conversion Surfaces
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In Situ→ Remote Techniques: ENA Imaging
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In Situ→ Remote Techniques: ENA Imaging

Department of Physics and Astronomy



In Situ→ Remote Techniques: ENA Imaging
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In Situ Techniques: RF Resonance
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In Situ Techniques: Dust Impact Sensors
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Fields
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In Situ Techniques: Magnetic Field - Fluxgate
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Magnetic Hysteresis
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In Situ Techniques: Magnetic Field - Fluxgate
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In Situ Techniques: Magnetic Field – Search 
Coil
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In Situ Techniques: Magnetic Field – Proton 
Precession
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In Situ Techniques: Electric Field 
Measurements
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In Situ Techniques: Electric Field 
Measurements w/ Particles

t1
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Some Issues
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How to Make a Measurement
Detector

Voltage/
Current

Digitization

Packetization

Compression

Transmission

Decompression

Deconvolution/
Calibration

Analysis

Every step may introduce errors…



Sampling Issues

O.K.
f(E)

R(E)

Oops, missed it…



Deconvolution Issues

O.K.

Under-resolved



There’s a Spacecraft in the Way
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There’s a Spacecraft in the Way
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Key Takeaways
• The physics of measurement devices can be as complex as the physics of the systems they measure

• To understand the measurement, you have to understand the device and its limitations

• No measurement device is perfect
• Limited by sensitivity/dynamic range
• Limited by finite resolution – in all dimensions
• Limited by counting statistics
• Limited by systematic errors, offsets, and/or background
• Limited by calibration uncertainties

• The measurement platform affects the measurement 
• Every measurement platform produces its own electromagnetic fields
• Every measurement platform is both a source and a sink of particles
• The measurement platform affects the surrounding plasma over at least a Debye length, and sometimes more
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Backup
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The Problem
• Plasma instruments do not measure the distribution function

• Plasma instruments usually measure something related to flux
• Typical observable:

• Number of particles entering aperture with area A per measurement period T
• Normalize by A, T to get flux J = #/[cm2 s]



Differential Measurements
• Charged particle measurements are differential

• We only measure part of the distribution at a time

• Measurement are often stated in terms of differential energy flux 
[dJE/dE]:

• eV/[cm2 s sr eV]

• Count Rate = #/s = dJE/dE * A * ΔE/E * ΔΩ = G*dJE/dE

• G = Geometric Factor [units of area]



Converting Units
• Measured flux J = n<v•dA> = int [f(v) v•dA d3v] = #/(cm2 s)

• v•dA  d3v = v•dA  v2dv sinθ dθ dφ = v3dA dv dΩ 
• E = ½ mv2 => mv dv = dE
• v3dA dv dΩ = 2E/m*dE/m dA dΩ = 2E/m2 dE dA dΩ

• J = integral[f*2E/m2 dE dA dΩ]
• dJ/dE = f *2E/m2  [differential in E, Ω, A]
• dJE/dE  = f*2E2/m2


