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3,176,227 
CONTROL OF IONS IN IONIC MEDIA FOR COM 

MUNICATION AND OTHER PURPOSES 
William Bender, Bellingham, Wash., assignor to The 

Bendix Corporation, a corporation of Delaware 
Filed Sept. 23, 1959, Ser. No. 842,548 

4 Claims. (Cl. 325—65) 

This invention pertains to methods and apparatus for 
electromagnetically controlling charge acceleration and 
distribution in moving plasmas for purposes of electro 
magnetic communications through such plasmas and 
for other purposes. 

Hypersonic velocity of a vehicle in the earth’s atmos 
phere causes a plasma to be formed principally about the 
forward portion of the vehicle with a shock front being 
between the plasma and space or surrounding atmosphere, 
also called the ambient air. At an altitude of approxi 
mately 50 to 100 miles above the earth’s surface, a rep 
resentative velocity of a re-entering vehicle relative to 
its (developed) plasma is about 5,000 feet per second 
when the relative velocity between the vehicle and the 
ambient air is about 25,000 feet per second. Part of the 
kinetic energy of the vehicle is converted to forming and 
heating the plasma since, due to the extremely high speed 
of the vehicle, sound waves are not abe to conduct energy 
to the ambient air. As a result of this conversion, the 
plasma becomes very hot and the molecules therein are 
ionized leaving a large number of free electrons and free 
positive ions between the vehicle surface and its shock 
front. 
The electrons so formed interfere with communication 

to and from the vehicle since electromagnetic energy 
waves going into or coming from the vehicle exert forces 
on the electrons, subtracting from the Wave energy thus 
attenuating the wave energy. The positive ions, however, 
being much heavier than the electrons, cannot respond 
quickly enough to the electric forces due to the electric 
vector of the electromagnetic Wave and, therefore, are 
not troublesome. This invention permits communica 
tion through such an ionized plasma. 

It is, therefore, an object of this invention to provide 
a method and apparatus for communication from a ve 
hicle traveling at hypersonic speeds and entering earth’s 
atmosphere by utilizing the plasma electrons to generate 
a signal by providing means inside the vehicle for accel 
erating the electrons of the ‘plasma in a desired manner 
whereby the electromagnetic Waves radiated from such 
acceleration can be received at a distant point and can 
carry information. 

It is a further object of this invention to provide a 
method and apparatus for localizing the electrons in a 
particular area or areas of the vehicle surface so that 
transmission to and from the vehicle can be accomplished 
through the remaining areas of the vehicle surface. 

It is another object of this invention to provide an 
apparatus for developing a source of electric potential 
difference which is particularly useful in developing mag 
netic ?elds during re-entry into the earth’s or other 
planet’s atmosphere which comprises a thermoelectric 
member adjacent to the vehicle's outer surface Where the 
temperature in very high, with the thermoelectric member 
extending a distance inwardly toward the vehicle center 
where the temperature is substantially lower, and con 
nected to apparatus for energizing a magnetic ?eld to ac 
celerate the electrons surrounding the vehicle surface. 
These and other objects will become more apparent 

during the description of several preferred embodiments 
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of this invention in connection with the drawings in 
which: 
FIGURE 1 is a schematic longitudinally sectioned view 

of the hull of the forward portion of a space vehicle 
showing the plasma, shock front and means for estab 
lishing a magnetic ?eld; 
FIGURE 2 is a schematic drawing of a second means 

for establishing and modulating a magnetic ?eld; 
FIGURE 3 is a schematic, longitudinally sectioned 

view of the forward portion of a space vehicle showing 
the plasma, shock front and means for establishing an 
electric ?eld; 
FIGURE 4 is a partial schematic view showing means 

for establishing a potential difference by utilizing the 
temperature difference between the plasma just outside 
the vehicle and the air inside the vehicle; and 
FIGURE 5 is a partial schematic view of another em 

bodiment of the device shown in FIGURE 4. 
In FIGURE 1 is shown a hull 20 of a forward portion 

of a vehicle 21 with the remainder of the vehicle not 
being shown. The vehicle 21 may be a missile, a rocket, 
a space conveyance, or any other space device which 
is designed ‘for return into or entry into the earth’s 
or other planet’s atmosphere. During such entry, at ve 
hicle traveling at very high speeds, such as 25,000 feet 
per second, relative to the ambient or atmospheric air, 
forms a shock front 22 which is spaced a distance from 
a vehicle surface 20. Between the shock front 22 and 
the surface 20 is a plasma 24 which travels at a repre 
sentative average relative velocity to the vehicle sur 
face 20 of about 5,000 feet per second and is heated to 
a very high temperature. The reason for this high 
temperature is that the very high kinetic energy of the 
vehicle 20 cannot be dissipated quickly enough to the 
earth’s atmosphere and, therefore, it is changed to heat. 
This heat is of su?icient degree to ionize the atmospheric 
particles thereby resulting in a large number of free 
electrons and much heavier free positive ions. 

During the entry of the vehicle into the atmosphere it 
is desirable to transmit tactical information, information 
regarding atmospheric conditions, landing conditions, and 
other information, but due to the large number of elec~ 
trons in the plasma 24 this communication is greatly 
hindered by electromagnetic wave energy attenuation. 
It is an important object of this invention to utilize the 
cause of the interference, that being the electrons, to 
transmit from the vehicle 20. This is done in the em 
bodiment of FIGURE 1 by establishing a magnetic ?eld 
by a circular bank of magnets 26, and a curved bank of 
magnets 28 located near the inside vehicle surface which 
provide a suf?cient magnetic ?eld to the outside plasma 
24 to cause the plasma electrons to revolve about the 
?eld lines and thus exhibit a centripetal acceleration. This 
is possible since there is a relative velocity, having per 
pendicular components, between the magnetic lines of 
force associated with the bank of magnets 26, 28 and the 
electrons in the plasma 24 of approximately 5,000 feet 
per second for a vehicle velocity of approximately 25,000 
feet per second relative to the ambient air. Also there 
can be periodic movement of the banks, 26, 28 in re 
lation to the vehicle 21 causing varying speeds of circu 
lation of electrons about the magnetic lines of force. 
This acceleration of the electrons causes the electrons 
to emit electromagnetic radiation which, according to the 
strength of the magnetic field and the velocity of the 
electrons with respect to the magnetic ?eld, will be strong 
enough to reach the earth’s surface or other object. By 
varying the movement of the magnet banks 26, 28 rela 
tive the vehicle surface 20, the strength of the magnetic 
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?eld and hence the electromagnetic radiation from the 
accelerated electrons will be varied and in this manner 
information may be impressed on such electromagnetic 
radiation. In short, the radiation may be modulated so 
as to convey information. This movement can be effect 
ed by means such as a device 30 which is ?xed to the 
space vehicle and has reciprocating rods 32, 34 con 
nected to magnetic banks 26, 28 to move them in a de 
sired manner, towards or away from surface 20. 
Due to the magnetic ?elds extending into the plasma 

24 the electrons in the plasma will tend to be concen 
‘ trated near the source of the magnetic ?eld. The elec 
trons passing magnetic bank 28 will tend to circle about 
the lines of force protruding laterally from the vehicle. 
The plasma passing beyond (toward the rear) will thus 
have a lesser concentration of electrons than heretofore. 
The positive ions in the aft do not interfere appreciably 
with the passage of electromagnetic waves because the 
mass of the ion is so large that it cannot be vibrated 
appreciably by the high frequency electrical signals used, 
and thus the signals passing through the positive ion region 
are not attenuated appreciably. This provides another 
possible means for communicating to and from a space 
vehicle. Also, when electromagnetic ?elds cause unsym 
metrical concentrations of electrons in certain parts of 
a plasma, it generally increases positive ion density at 
certain other parts. The regions of increased positive 
ion density become regions, substantially, of self-repel 
lant gases. These self-repellant gases expand. This ex 
pansion causes disturbances in the original shock wave 
pattern, which, when controlled, results in steering forces, 
propulsion forces, and even stabilization forces, against 
rolling, pitching and yawing. 

If desired, of course, other means may be used for 
establishing the magnetic ?eld which extends through 
the vehicle hull 20 into plasma 24. An example is shown 
in FIGURE 2 where a coil 38 is periodically pulsed with 
an electric current from a periodic charging device 40 
placed across capacitor 42. By periodically pulsing coil 
38 a pulsed magnetic ?eld is directed through hull 20 
into plasma 24 and further adds to the Lorentz forces 
available for centripetally accelerating the plasma elec 
trons. A modulator 44 may have a coil 46 placed adja 
cent to coil 38 and when coil 46 is energized it will 
correspondingly in?uence the magnetic ?eld emanating 
from coil 38, thereby providing a means for transmit~ 
ting information to a receiving antenna located at a dis 
tant point such as the earth’s surface. This type of ap 
paratus for establishing a magnetic ?eld would be very 
e?icient and hence desirable for use in a missile or 
vehicle. 

Instead of using a magnetic ?eld, the embodiment in 
FIGURE 3 operates to accelerate the electrons by an elec 
tric ?eld. As before, the hull 20 of plasma enveloped 
vehicle 21 is shown surrounded by plasma 24 which is 
bounded by shock front 22. Spaced parallel rings 50, 52 
and 54, are connected to the hull surface 20 and are fur 
ther connected to a direct current voltage source 56 with 
the center ring 52 being supplied with a much lower, or, 
if desired, higher potential than the potential supplied 
to outer rings 50 and 54. In this manner electrons are 
caused to accelerate rapidly from the center rings to 
the outer rings, or vice versa in the case where the center 
is of a higher potential, and in so doing, emit electromag 
netic radiations. The radiations may be varied by vary 
ing the voltage from source 56 in the desired manner 
to transmit information. Hence while the acceleration 
in the previous embodiments resulted. from electrons 
orbiting due to the presence of a magnetic ?eld, accelera 
tion of the electrons here is in a linear manner due to 
the presence of an electrostatic ?eld. Of course, other 
modes of electron acceleration can be used in order to 
obtain the desired electromagnetic radiations. 
An effective way in which to supply power to a cir 

cuit for producing an electron accelerating ?eld when the 
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4 
hull 20 of a space vehicle 21 is enveloped, in whole or 
in part, by a very high temperature medium compared 
with the temperatures internally of the vehicle is shown 
in FIGURE 4. A thermoelectric member having a pair 
of electrodes 60, 62, which may be of such materials as 
copper and iron are shown joined at one end which is in 
serted through the hull 20 andwhich is subject to the 
high plasma temperature. The opposite ends of elec 
trodes 60 and 62 are at a much lower temperature and 
are connected to an electrical circuit for a coil 64 and 
a modulator 66. According to the well known Seebeck 
effect, in the case of a terminal of dissimilar metals or 
thermoelectric couple, or the‘ Thomson effect, in the 
case of a terminal of one metal, a difference in tempera 
ture between the electrode ends will result in a current 
?ow in the coil 64 and modulator 66. This will establish 
a magnetic ?eld externally of the hull 20 in order to 
accelerate electrons as previously described. Modulator 
66 may be used to impress an information signal on the 
electromagnetic radiations from electrons in the plasma. 
An electric ?eld may be established by converting the 
current generated by the thermoelectric member to a 
sufficiently high voltage by means known to the art. 

In FIGURE 5 is shown a thermoelectric member 63 
constructed of one metal having one end subject to the 
high plasma temperature and the other end connected to 
a power receiving circuit. 

In the above embodiments utilizing a magnetic ?eld 
to accelerate the electrons, it is of course desirable that 
the magnetic ?eld lines he directed into the plasma so 
that there is a large component of the ?eld line direction 
which is perpendicular to the electron velocity. The 
greater this perpendicular component, the greater the 
electron acceleration. 

Although this invention has been disclosed and il 
lustrated with reference to particular applications, the 
principles involved are susceptible of numerous other 
applications which will be apparent to persons skilled 
in the art. The invention is, therefore, to be limited 
only as indicated by the scope of the appended claims. 
Having thus described by invention, I claim: 
1. An apparatus for transmission through a high tem 

perature ionized plasma which forms about the hull of a 
space vehicle traveling in atmosphere at hypersonic speeds 
comprising means within the hull of the vehicle for es 
tablishing an electron accelerating ?eld, means for di 
recting said ?eld exteriorly of the hull into the plasma, 
to excite and accelerate the charged particles in the plas 
ma whereby the charged particles will generate electro 
magnetic radiation, means for regulating the ?eld strength 
to obtain a predetermined electron acceleration. 

2. An apparatus lor transmission through a high tem 
perature ionized plasma which forms about the hull of 
a space vehicle traveling in atmosphere at hypersonic 
speeds comprising means within the hull of the vehicle 
for establishing an electron accelerating ?eld, means for 
directing said ?eld exteriorly of the hull into the plasma, 
to excite and accelerate the charged particles in the 
plasma whereby the charged particles will generate elec 
tromagnetic radiation, said electron accelerating ?eld 
being magnetic so that the electron acceleration is centrip 
etal, said ?eld establishing means including a bank of 
permanent magnets having poles correspondingly aligned 
and commonly directed so that the magnetic ?eld is di 
rected exteriorly of said hull, means for moving at least a 
portion of said magnets toward and away from the vehicle 
surface to increase and decrease the magnetic ?eld 
strength, means for moving at least a portion of said 
magnets toward and away from the vehicle surface to 
increase and decrease the magnetic ?eld strength. 

3. An apparatus for transmission through a high tem 
perature ionized plasma which forms about the hull of 
a space vehicle traveling in atmosphere at hypersonic 
speeds comprising means within the hull of the vehicle 
for establishing an electron accelerating ?eld, means for 
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directing said electron accelerating ?eld exteriorly of the 
hull into the plasma, to excite and accelerate the charged 
particles in the plasma whereby the charged particles will 
generate electromagnetic radiation, said electron acceler 
ating ?eld being electrostatic so that the electron accelera 
tion is linear, said ?eld establishing means comprises a 
plurality of spaced conductors adjacent the hull sur 
face, means for placing said conductors at potential dif 
ferences to accelerate plasma electrons from the lower 
potential to the higher potential. 

4. The apparatus of claim 3 wherein there are a multi 
plicity of rings with the same rings being at a lower po 
tential than the other rings. 
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