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• Two-stream instability in a proton-electron plasma

• Turbulence

















Interstellar Turbulence

Gaensler et al., Nature, 2011

18-sq. deg. color-coded map of |𝛻 P| (P is the 2-component Stokes polarization vector) for 
1.4GHz radio observations from ATCA (Australia Telescope Compact Array) radio telescope
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The “Great Power Law in the Sky” 
(S. Spangler, Univ. of Iowa)



The magnetic field observed by Voyager 1 
in the Local Interstellar Medium

Burlaga et al., ApJ, 2015

• Voyager 1 is measuring the short-wavelength end of the 
interstellar magnetic field turbulence spectrum

• Fluctuations are mostly in the magnitude of the magnetic field







Basic schematic of energy input, cascade to 
smaller scales, and dissipation 

Observations of turbulence in the solar wind
















	PTYS 558 04-23-2018 - Turbulence + CRTransport 1.pdf
	Cosmc Ray Transport Lecture 2.pdf
	Cosmic Ray Transport in the Heliosphere
	Outline
	Slide Number 3
	The distribution function
	Cartesian coordinates
	The differential intensity
	Forces acting on energetic charged particles
	Constant Electric and Magnetic Fields
	Constant Electric and Magnetic Fields Case
	Varying E and B fields�Case 1: Scale of variation >> gyroradius of particles
	Slide Number 11
	Varying E and B fields�Case 2: Scale of variation ≈ gyroradius of particles
	A charged particle moving in a turbulent magnetic field (numerical integration)
	Restrictions on particle motions imposed by artificially limiting the dimensionality of the fields
	Spatial Diffusion in 1 D
	Slide Number 16
	Slide Number 17
	The distribution as a function of time at a particular spatial location away from the source
	Slide Number 19
	Slide Number 20
	Diffusion in multi-dimensions
	In addition to diffusion, there are other important collective effects on charged particles: they include
	Slide Number 23
	Combining all the relevant particle effects, we arrive at Parker’s energetic-particle transport equation (Parker, 1965)
	Slide Number 25
	Power spectra in space
	Parallel Diffusion
	Perpendicular diffusion



