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ABSTRACT

Several methods for space propulsion, both pragmatic and hypothetical, have been developed each having its
own drawbacks and advantages. In this paper, the possibility to propel a satellite by electrogravitic force is
discussed. By theoretical calculation, this propulsion method can generate sufficient force to control the orbit
of a satellite. It only uses electric energy generated by the use of solar panels and the satellite can travel
perpetually around the Earth and any orbit near the Sun.
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INTRODUCTION

All spacecraft require a method of propulsion. Several
space propulsion methods, both pragmatic and
hypothetical, have been developed each having its own
drawbacks and advantages. The initial launch of a satellite
to the desired orbit requires conventional liquid or solid
propelled rocket engines with sufficient propulsive power
to overcome Earth's atmosphere and achieve the high
velocity necessary for a stable orbit. Interplanetary
spacecraft may require such powerful conventional rocket
engines but can also rely on less powerful but longer
duration, higher ISP engines like ion thrusters or Hall-
effect thrusters. Satellite's, even once in a stable orbit, also
require a reliable long duration method of propulsion to
remain functional.

Even though a satellite is in orbit, it is subject to drag from
the thin atmosphere and other forces which will degrade
the orbit over time. Thus satellite's must be able to make
small corrections to their orbit in order to maintain the
orbit, called orbital station keeping [1]. Further, the
satellite may require the ability to transfer from one orbit
to another from time to time [2], be capable of maintaining
a specific attitude with respect to the surface of the Earth,
Sun or possibly some other astronomical object of interest
[3], and due to component failure or other reasons may
even need to be deorbited in a safe and controlled manner.
In most cases, a satellite's ability to perform the task for
which is was designed is over and its useful life has ended,
when the propulsion system which allowed it to perform
such adjustments to its orbit is exhausted or can no longer
produce propulsion.

Currently satellites will often just use smaller versions of
the chemical rocket engines or resistojet rockets for their
propulsion. Some do use electric momentum wheels for
attitude control, but these are subject to failure due to
moving parts and limited in the extent of the corrections
they can perform. Recently, satellites have begun to use
electric propulsion, like ion thrusters for station keeping
and adjusting their orbits, but such thrusters, although
electrically powered, still have a limited supply of their

required Xenon propellant. Ideally a propellantless form of
electric propulsion would allow a satellite to perform its
duties for a very long duration, greatly extending the useful
lifetime of the satellite. Solar sails are one example of such
avery low power, inexhaustible thrust [4], but this method
is not well suited to an orbiting spacecraft and would be
best applied to a very long duration interplanetary vehicle.
There is a need for a new satellite propulsion system which
has similar inexhaustible thrust, does not require
propellant, has no moving parts and thus can provide
propulsion for a very long duration.

In this paper, a new propulsion system which meets these
requirements is proposed, which does not use propellant,
has inexhaustible thrust and no moving part, giving similar
advantages to a solar sail. This propulsion system utilizes
the Biefeld-Brown effect, which can be called an
electrogravity, and can provide propulsion for a long
duration because it's only requirement is the electric
power generated by the solar cell.

ELECTROGRAVITIC PROPULSION SYSTEM

This effect is known as the Biefeld-Brown effect; it
encompasses electrokinetic effects, but is often claimed to
have an electrogravitic component as well. The latter was
reported by Thomas Townsend Brown (1928, 1929) to
generate thrust without reliance on a surrounding medium
(e.g., air) by applying high voltages to materials with high
dielectric constants [5]. Recent electrogravitic tests in
Canada and Japan have confirmed the electogravitic
component of this effect [6]. Aviation photographer, Doyle
R. Buehler, and Takaaki Musha, member of the Advanced
Space Propulsion Investigation Committee under the Japan
Society for Aeronautical and Space Sciences, also reported
positive results. This is a primitive field propulsion system
which can be used to propel only small space probes as
pointed out by N. Iwanaga in his paper [7].

The author obtained the following formula for the
electrogravitic effects induced on a dielectric material
from a weak field approximation of Einstein's general
relativity theory [8].
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where Z is an atomic number of the dielectric material,

is a dielectric

&, is the specific inductive capacity, €,

p
constant of the vacuum, G is the gravitational constant
and E isthe applied electric field to the capacitor.

B. Ivanov of the Institute for nuclear Research and Nuclear
Energy in Bulgaria also found the similar equation deduced
from Weyl Majumdar-Papapetrou solutions of the general
relativity theory [9-11], which is equivalent (modulo Z) to
the author’s equation, as shown in the following figure.
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+Internal volume of an elementary particle is
a region of force-free field.
+ Addifional equivalent mass in a space due fo
the electric field is cancelled by the megative mass
created by fhe electrogravitic field generated by an
external electric field.
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FIGURE 1: Electogravitic equation derived by Ivanov and
Musha

The force generated by high voltage can be written as
follows from Eq.(1).

) %
F=mE, =8.62x10 ”Zm\/ZE, 2)

where M1 is the weight of the dielectric material, V isthe

applied voltage and d is the thickness of the dielectric
material. We consider a simple electric circuit consisted of
aresistance and a capacitance as follows;

Switch

FIGURE 2: Switching circuit with a resistance and a
capacitance

When the switch is on, the electric current is produced as

shown
i—KeX (— L)
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where V' is a voltage, R is the resistance of the circuit,

C is the capacitance of a capacitor and { is a time.
Then the instantaneous electric power generated on the
capacitor becomes

Vo exo = Ve —
Pe="g PTer)) ™ k) @

Hence the total electrostatic energy stored in the capacitor
received from the power source becomes

0 1 )
We :L pedt=2CV™, (5)
£.&S
As the capacitance can be shown as C= , Where
S is an area of the capacitor, we have

a=FiM=862x10"7" [PVe _5gyi05 7 [2We
M \ g,dS M\ dS

(6)

from Eq. (2), where M is the total weight of the satellite.

For a series capacitor as shown in Fig. 3, we have

C =nC,, where 7 is a number of the series capacitor

and C, o 1s the capacitance of a single capacitor.

High Voltage Power Source

Series Capacitor

FIGURE 3: Series capacitor connected with a high voltage
source

Then we have an acceleration given by

0{=2.9><10‘SZ@1/2WC =2.9x10-szﬁ1/m
M\ nds M\ ds

) 7

for a capacitor, which is consisted of a 7 pieces series
capacitor, which total mass is m. By using the equation
which the author derived, Iwanaga analyzed the
effectiveness of electrogravity as a propulsion system in
his paper [7] and he estimated that the thrust obtained by
electrogravitic propulsion is much better than that of arc-
jet propulsion system as shown in TABLE 1.

TABLE 1: Thrust of some propulsion systems and
Electrogravity

Propulsion System Thrust (N)
Jet engine 21X 105
Chemical fuel rocket 2.45%10°
Arcjet 1.50x10""
Nuclear power 8.82x%10°
Photon rocket 33
Electrograviy* 100

*Calculated for mass=100Kg, diameter/height ratio=100,
€ =5and E=7x10°v/m[7]
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He considered it would be profitable to apply this
propulsion method to small space vehicles. From the
comparison made in Table. 1, it is clear that the
electrogravitic propulsion system is more advantageous
than those nowadays in use.

DESIGN CONCEPT OF THE ELECTROGRAVITIC
PROPULSION SATELLITE

From the theory delineated in the former section, we can
propose the following structure of the satellite as shown
in FIGURE 4.

The satellite consists of a solar panel, a high-voltage pulse
generator, a series capacitor composed of a dielectric
material to generate a thrust and the control device.

The solar array panel
for auxihiary power

Electric power units

Capacitor composed of
dielectric material

High-voltage pulse
generator

Main engine
The BB effect propulsion

FIGURE 4: Concept of the satellite propelled by the
electrogravitic force

The components to produce the high voltage which is
applied to the capacitor (or condenser) are shown in Fig. 5.
This electric circuit can be used to produce a high voltage
electric pulse.

Ignition coil

Df‘ode s DC voltage supply
Condenser é
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FIGURE 5: Electric circuit to produce a high voltage
suppled to the capacitor

For example, if we use four solar panels, the electric power
of each solar panel is 250(W), the total electric energy

becomes WC = 250(W) X 1(S€C)>< 4= IOOO(J)
ifwelet n =100, d =2x107(m), S =107 (m),
m/M =0.1, and Z =10, the acceleration generate
by electrogravitic effectis & = 2.9 (m/sec”) fromEq.
(7.

This value is sufficient for orbital station-keeping and
some degree of attitude control.

This satellite controlled from the Earth could change its
orbit by using this electrogravitic thrust. Such a propulsion
system could also make an interplanetary voyage within
the solar system with inexhaustible thrust similar to solar
sails, but provides stronger thrust than a solar sail.
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FIGURE 6: Concet of the satellite using Electrogravitic
propulsion

CONCLUSION

Space propulsion or in-space propulsion exclusively deals
with propulsion systems used in the vacuum of space.
Several methods, both pragmatic and hypothetical, have
been developed each having its own drawbacks and
advantages. In this paper, the possibility to propel a satellite
by electrogravitic force is discussed. Utilizing theoretical
calculation, this propulsion method can generate sufficient
force to control the orbit of a satellite. This space propulsion
method only uses the electric energy generated by solar
panels and the satellite can travel perpetually around the
Earth and any orbit near the Sun.
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