
Mode conversion 
between 

X wave - Electron Bernstein Wave



Mode conversions 

• light waves 
• seismic waves 
• water waves 
• …



… more examples of mode 
conversions between plasma waves
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X wave
• X wave dispersion relation (cold plasma):

Bo = 30 Gauss, density = 1e8 cm^-3
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… and why it’s hard to launch

Bo = 30 Gauss, f = 150 MHz



electron Bernstein wave

Bo = 30 Gauss, ne = 2e8 cm^-3
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Connection between X wave and EBW

Stix, Thomas H, Physical Review Letters 15.23 (1965): 878.



WKB method

• uniform case • non-uniform case

A(x) and S’(x) varies slowly with x

S(x) = ± ∫ x k(x ')dx '

A(x) = A0
k(x)

d 2E
dx2

+ k2 (x)E = 0

Assume E(x) = A(x)eiS(x )

d 2E
dx2

+ k0
2E = 0

E(x) = A1e
ik0x + A2e

−ik0x

Assume a wave is propagating in x direction. 
The plasma is not uniform in that direction. 
Then what’s the wave amplitude E as function of location?



An example of plasma wave in 1-D inhomogeneity 
experiment vs WKB 

Vincena, Stephen, Walter Gekelman, and James Maggs. "Shear Alfven waves in a magnetic beach and the roles of electron 
and ion damping." Physics of Plasmas (1994-present) 8.9 (2001): 3884-3896.



Ray tracing

Group velocity is the 
velocity of a wave 
packet propagation
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if group velocity can be calculated 
at any point in space, one can trace 
the full trajectory of a single ray



A common application of ray-tracing  
- computer graphics



Full wave solution
Full wave solution will take into account the influence of the 
merging of two different types of wave modes, along with 
tunneling, reflection, conversion and absorption.

Shoucri, Merit, and H. H. Kuehl, Physics of Fluids (1958-1988) 24.7 (1981): 1395-1396.

far away from  
conversion region



Status of Research
Theory Experiment
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