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L ast Lecture

- Review of Piel Chapters 1-5 for Quiz



This Lecture

» Introduction to plasma waves

- Basic review of electromagnetic waves in various media
(conducting, dielectric, gyrotropic, ...)

- Basic waves concepts (especially plane waves)
- Electromagnetic waves in unmagnetized plasma

- Electrostatic waves in unmagnetized plasma



Wave (Helmholtz) Equation
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Wave Eqg Iin Multiple Dimensions
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Wave Eq in Cyllndrlcal Coordinates
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Wave Dispersion

dispersive medium
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Phasors, Sine, COSlne
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Review of EM Waves
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Review of EM Waves
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Review of EM Waves

All of the
plasma
physics here
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Normal Modes (“Dispersion Relation”)
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Waves iIn Unmagnetized Plasma
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Waves In Unmagnetlzed Plasma
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Waves in Unmagnetized Plasma
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Interferometry
laser B Plasma \

(a) detector
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Fig. 6.5 (a) Laser interferometer in Mach-Zehnder arrangement, (b) microwave interferometer.
The optical arrangement uses partially-reflecting and fully-reflecting mirrors. The analog to a par-
tially reflecting mirror 1s the directional coupler for microwaves
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Interferometry
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Table 6.1 Cut-off densities for microwave and laser interferometers
Wavelength Frequency Cut-off-density
Source A f Neo (M)
Microwave 3cm 10 GHz 1.2 x 1018
8 mm 37 GHz 1.7 x 1019
4 mm 75 GHz 7.0 x 101°
HCN-laser 337 wm 890 GHz 9.8 x 102!
CO, laser 10.6 wm 28 THz 9.9 x 1024
He-Ne laser 3.39 um 88 THz 9.7 x 10

0.633 wm 474 THz 2.8 x 10?7
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Interferometry
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Fig. 6.6 (a) Interferogram 1n a pulsed gas discharge. (b) Reconstruction of the decaying electron

density by counting interferometer fringes o0
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Electrostatic Waves
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Electrostatic Plasma Waves
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Linearized Electron Pressure
Force In “isothermal” plasma
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Electrostatic Plasma Waves
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Electrostatic lon Sound Waves
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Electrostatic lon Sound Waves
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Important Wave Concepts

« Linear vs. nonlinear

1
| | W:—/dV(H-B+E-D)
- Dispersion 2

y
- Phase and group velocity OW / /
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- “Polarization” and wave structure

= Energy & intensity (Poynting’s Theorem)

- Inhomogeneity
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Next Lecture

- Chapter 6: “Plasma Waves”
- Waves in magnetized plasma

Inhomogenous plasma (part 1)
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