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A very thin gas heated in a discharge tube emits
light only at characteristic frequencies.

Atomic Spectra





In 1914 James Franck and
Gustav Hertz (nephew of
Heinrich) performed an
experiment on a vacuum
tube with a small amount
of mercury enclosed to
verfy Bohr assumption
1913.



In 1925, Langmuir Analysis of the current received by
a collector placed opposite a hot cathode indicates that
there are three groups of electrons present; (1)
primary electrons; (2) secondary electrons; (3)
ultimate electrons. The number of ultimate electrons is
roughly 1000 times that of the primaries and
secondaries for mercury vapor.



Dynamics of plasma discharge





In 1926, Dittmer predicted the possibility of plasma
oscillation and suggested that very small
disturbances in the balance between the
concentration of positive ions and of electrons could
thus produce wide variations.
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In 1929, Tonks and Langmuir observed 
the plasma oscillation



The higher frequencies of the oscillations were
determined from their wave-length as measured on a
pair of Lecher wires.







Plasma oscillation could be propagated: (i) in a finite 
medium because of fringing fields. (ii) By taking into 
account the thermal motion.







Beats occur when 2 waves of slightly different
frequencies are combined.



• In 1949, Bohm and Gross were the first
to derive the dispersion relation of
electron plasma wave.

• Moreover, they discussed the possibility
of electron plasma waves theoretically
and reported that whenever a plasma
contains beams of particles of well-
defined velocity, or groups of particles
for above mean thermal speeds, the
system can become unstable, and small
oscillations grow until they are limited
by the appearance of non-linear effects.

• Collisions tend to damp the
wave, and thus provide a stabilizing
effect

Bohm



In 1954, Looney and Brown constructed an experiment to test
the Bohm Gross theory.
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In 1968, Barrett, Jones, and Franklin constructed a successful
experiment to verify the Bohm-Gross dispersion relation







Waveform recordings at different electron density





The ionosphere.—The
upper layer of the Earth’s
atmosphere, above an
altitude of roughly 90 km)
that is ionized by solar UV
radiation.

To communicate with
satellites in low earth orbit,
frequencies above fpe must
be used. Otherwise, it will
be reflected by the
ionosphere.



Ion acoustic waves



• Plasma oscillations are basically constant-frequency waves,
with a correction due to thermal motions.

• Ion waves are basically constant-velocity waves and exist only
when there are thermal motions.

• For ion waves, the group velocity is equal to the phase
velocity.

• In electron plasma oscillations, ions remains essentially fixed.
• In ion acoustic waves, electrons is far from fixed
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