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40 microseconds. The wanted continuous wave, transmitted
through the decaying plasma and modulated by it, was detected
through a highly selective resonant cavity. The ampli6ed envelope
was displayed on an oscilloscope. With the application of the dis-
turbing pulsed signal this envelope was modi6ed. The duration
of this eRect after the removal of the disturbing wave, as is shown
in the photographs, varied as a function of the nature of the gas
and its pressure, as would be expected on theoretical grounds.

Figure 1 shows the interaction of the two electromagnetic waves
in a decaying plasma produced in helium at 12-mm Hg. The
upper trace shows a 10-psec pulse of the disturbing signal intro-
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T has been known for some time' that when two medium or.. low frequency radiowaves traverse a common region of the
ionosphere, and one of the waves is of suKcient strength, an inter-
action between the two electromagnetic waves is observed. In
particular, there is a measurable transfer of modulation from the
stronger wave to the carrier of the weaker. Bailey and Martyn'
proposed a theory for this phenomenon of "ionospheric cross-
modulation. " According to this theory, absorption of the inter-
fering waves increases the mean energy of the electrons in the
appropriate region in the ionosphere. This increased mean energy
of the electrons leads to a change in the collision frequency of the
electrons. As the absorption of an electromagnetic wave in a region
of the ionosphere is determined by the collision frequency of the
electrons in that region, the absorption of the "wanted" wave is
modi6ed by the presence of the absorbed "disturbing" wave.
Bailey3 later extended this theory by considering the eRect of the
earth's magnetic 6eld. According to this more complete theory,
an enhancement of transferred modulation was predicted which
has since been observed experimentally. &5

The purpose of this note is to report experimental observations
on the interaction of two micromave signals which are simultane-
ously propagated through gaseous discharge plasmas. The fre-
quencies fi and fs of the electromagnetic waves propagated were
chosen for convenience to be 8600 and 9400 Mc/sec, respectively.
The plasma, the length of which could be varied from 5-,' in. to
8~ in. , was produced either by continuous dc or by pulsed dc
excitation. Experiments were carried out with helium, neon,
argon, krypton, xenon, and hydrogen gases, and over a range of
pressures from 0.2- to 20-rnm Hg. The power levels of both signals
were far below that which is necessary to excite or even to main-
tain the plasma. For convenience, these waves were propagated
in a wave guide containing a gaseous discharge tube. The wave
guide was of square cross section in order to permit propagation
of the two signals in orthogonal polarizations in the TEio mode.
The observations reported here concern the interaction of these
electromagnetic waves in the decaying plasma following a 1- or
2-microsecond excitation pulse. Interaction of microwaves has
been observed both on the reflected and transmitted waves;
however, this note deals with the observations of the transmitted
signals.

Measurements were made of the transmitted signals at various
times after the cessation of the excitation of the plasma. These
time positions were so chosen that the temperature of the electron
gas had had time to decay and approach thermal equilibrium with
the gas, and so that the electron density and collision frequency
had become low enough to permit transmission of f2 with slight
attenuation but high enough to absorb at least a fraction of the
lower frequency signal f&.

In these experiments the disturbing wave (fr=8600 Mc/sec)
was pulse modulated. The width of these pulses varied from 2 to
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FIG. 1. Transfer of modulation to the wanted wave (lower trace) from
the 10-microsecond disturbing wave pulse (upper trace) in the decaying
plasma established in helium at 12-mm Hg.

duced 500 psec after the exciting pulse. The lower trace is double,
showing the envelope of the wanted wave with and without the
disturbing pulse. The notched trace is the modi6ed envelope. The
absorbed peak power during the disturbing pulse is 175 milliwatts.
Note that the attenuation of the wanted wave is increased as a
result of the disturbing pulse.

Figure 2 shows the interaction in a decaying plasma excited in
argon at 2.7-mm Hg. Trace No. 1 represents a pulse of the dis-
turbing wave which is 35 @sec wide and initiates at 125 psec after
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Fic. 2. EBect on the wanted wave (lower traces) in the decaying plasma
established in argon at 2.7-mm Hg with the application of a 35-microsecond
disturbing wave pulse. Trace 2: the undisturbed envelope of the wanted
wave. Trace 3: 22.5 milliwatts absorbed in the plasma. Trace 4: 450 milli-
watts absorbed in the plasma.

the removal of the discharge excitation pulse. Trace No. 2 is the-
undisturbed envelope of the wanted wave. Trace No. 3 shows the
envelope of the wanted wave when the peak absorbed power from
the disturbing signal is 22.5 milliwatts. Trace No. 4 is the envelope
of the wanted wave when the peak absorbed power is 450 milli-
watts.

In contrast to Fig. 1, the result shown by trace 4 is a decrease
in attenuation of the wanted signal during the disturbing pulse.
In addition, a power dependence is observed in the shape of the
traces after the disturbing pulse has been removed. For example,
trace No. 3 indicates an increase in attenuation of the wanted
wave shortly after the disturbing pulse, while trace No. 4 shows a
decrease in attenuation of the wanted signal in the same region.

Interaction in the presence of a niagnetic field When the dis-.—
turbing wave is absorbed in the plasma at the gyro-resonance
intensity of a magnetic 6eld, 6—here transverse to the electric
vector of the disturbing wave —the interaction is observed even
for low level signals for which no effect is observed in the absence
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