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Equipartition

Energy-density equipartition between cosmic rays 
and magnetic fields

Beuerman et al., A&Ap 153 (1985) 17



Pulsars

<Breg> = 1.4±0.2 μG from measurement of 
dispersion measure and rotation measure

Han et al., MNRAS 306 (1999) 405



Plasma effects
Maxwell eqn.

Electron motion

Charge conservation
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Now Maxwell eqn.

k, E, B are RHS
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Dispersion in plasma

Phase velocity

Group velocity
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Arrival time

Arrival time dispersion
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Dispersion measure

Delay time in the arrival of signals as a function of 
frequency

Dispersion measure [sec Hz-2]
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Faraday rotation

Polarization field

Particle in mag. field
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Phase rotation

Rotation of linear 
polarization
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Linear polarization

Stokes parameters
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Linear polarization and 
position angle
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Rotation measure

Faraday rotation of electric vector of linear 
polarization through a region in which the magnetic 
field is uniform

Rotation measure [rad/m2]
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Line-of-sight magnetic field
)DM812.0/(RM//// == ∫∫ dlNdlBNB ee

(B in μG)

Manchester, ApJ 172 (1972) 43



Structure of the Regular field

Pitch angle ~ -8°
Cf. Spiral arms: -18°(stars) -13°(gas)
Field reversals

Han et al., MNRAS 306 (1999) 405



Turbulent fields

Sync. emission along the local arm (regular 
field vanishes) ⇒ there is turbulent field!
Starlight and synchrotron polarization data ⇒
Bturb ~ 5 μG, Lturb~55 or 10-100 pc
Depolarization by turbulent fields at cm-radio
⇒ Lturb~25pc f1/3 (f: filling factor of turbulent cells)

Faraday dispersion by turbulent fields at dm-
radio ⇒ Lturb~7pc f-1
Lturb~20pc and f~0.4?



Summary

Regular field: 1.8±0.3 μG
Local total field: ~5 μG
Stronger towards the Galactic center
At least 3 (perhaps 5) field reversals in our 
Galaxy, separated by spiral arms.
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