
c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

A01-34345At A ASSSSSSSSS^ mSSSm mSSSSSSSSSm SSSSSSS^SL '

AIAA 2001-3660

An Experimental Investigation of the
Physical Effects in a Dynamic Magnetic
System
V. Roschin and S. Godin
Institute for High Temperatures
Russian Academy of Science
Moscow, Russia

37th AIAA/ASME/SAE/ASEE
Joint Propulsion Conference and Exhibit

8-11 July 2001
Salt Lake City, Utah

For permission to copy or to republish, contact the copyright owner named on the first page.
For AIAA-held copyright, write to AIAA Permissions Department,

1801 Alexander Bell Drive, Suite 500, Reston, VA, 20191-4344.



c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

AIAA # 2001-3660

AN EXPERIMENTAL INVESTIGATION OF THE PHYSICAL EFFECTS
IN A DYNAMIC MAGNETIC SYSTEM.

Vladimir Roschin, E-mail: rochtchin@mail.ru
Sergei Godin, E-mail: smgodin@online.ru

Institute for High Temperatures, Russian Academy of Science
Izhorskaya st. 13/19, Moscow 127412, Russia

Abstract

In the current paper the results of experimental research of magnetic-gravity effects are presented. Anomalous
magnetic and thermal changes within a radius of 15 meters from the researched device were measured as well.
PACS: 41.20.-q;44.60.+k;76.50.+q

Introduction

We have experimentally studied the physical ef-
fects in a system based on rotating permanent magnets
[1]. Below we describe the technology of manufacture,
assembly, and the results of testing this experimental
setup, which is referred to as the converter.

Received effects:
• Generation of mechanical energy in a self-

governing mode of operations;
• Change of weight of the converter;
• Formation of a local magnetic and temperature

fields as concentric cylinders around converter.

Description of the Experimental Setup

The basic difficulty arises in choosing the materials
and maintaining the necessary magnetic pattern ("im-
printing") on the plate and roller surfaces. To simplify
the technology we decided to use a one-ring design with
one-ring plate (stator) and one set of rollers (rotor). It is
obvious, that it was necessary to strengthen the rollers
on a rotor by the bearings and balance the rollers well.
In the suggested design, air bearings were used which
provided the minimum losses due to friction.

From the available description [1] it was not clear
how it is possible to make and magnetize the stator with
a diameter of about one meter. In order to make the sta-
tor from separate magnetized segments executed with
rare earth magnets with the residual induction of IT, the
segments were magnetized in a usual way by discharg-
ing a capacitor-battery energizer through a coil. After-
wards the segments were assembled and glued together
in a special iron armature, which reduced magnetic en-
ergy.

"Copyright © 2001 by Vladimir Roschin and Sergei
Godin. Published by American Institute of Aeronau-
tics and Astronautics, Inc. with permission."

To manufacture the stator 110 kg of rare earth
magnets were used. To manufacture the rotor 115 kg of
that material was used. High-frequency field magnetiza-
tion was not applied. It was decided to replace imprint-
ing technology described in [1] with cross-magnetic in-
serts having a flux vector directed at 90 degrees to the
primary magnetization vector of the stator and rollers.
For these cross-inserts the modified rare earth magnets
with residual magnetization of 1.2 T and coercive force
a little bit greater than in a base material were used.
Fig.l and Fig.2 show the joint arrangement of stator 1
and rotor, made up of rollers 2, and a way of their mu-
tual gearing or sprocketing by means of cross magnetic
inserts 19. Between the stator and roller surfaces air gap
5 of 1 mm is maintained.

1 2
Fig. 1. Variant of one-ring converter.

No layered structure was used except a continuous
copper foil of 0.8 mm thickness, in which the stator and
rollers was wrapped up. This foil had a direct electrical
contact to magnets of the stator and rollers. Distance be-
tween the inserts in rollers is equal to distance between
the inserts on the stator. In other words tj = t2 on a
Fig.2.

1
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Fig.2. Sprocket effect of magnetic stator
and roller inserts.

The ratio of parameters of the stator 1 and the rotor
2 on Fig.2 is chosen so that the relation of stator diame-
ter D to the roller diameter d is an integer equal to or
greater than 12. Choosing such ratio allowed us to
achieve a resonant mode between elements of a working
body of the device.

The elements of magnetic system were assembled
in a uniform design on an aluminum platform. Fig.3
displays the general view of the platform with the one-
ring converter. This platform was supplied with springs,
shock absorbers and had a possibility of moving verti-
cally on three supports. The possible vertical displace-
ment was 10mm and the induction meter 14 was used
for measuring this displacement. Thus, the instantane-
ous change of platform weight was defined during the
experiment in real time. Gross weight of the platform
with magnetic system in an initial condition was 350 kg.

The stator 1 was mounted motionlessly and the
rollers 2 were assembled on a mobile common rotor -
separator 3, which is connected with the basic shaft 4 of
the converter. Through this shaft the rotary moment was
transferred. The basic shaft by the means of friction

muff 5 was connected to a starting engine 6, which ac-
celerated rotor of the converter up to a mode of self-
sustained rotation. An ordinary DC electrodynamics
generator 7 also was connected to the basic shaft as a
main loading of the converter. Adjacent to the rotor,
electromagnetic inductors 8 with open cores 9 were lo-
cated.

The magnetic rollers 2 crossed the open cores of in-
ductors and closed the magnetic flux circuit through
electromagnetic inductors 8, inducing an electromotive
force in them, which acted directly on an auxiliary ac-
tive load 10 - a set of incandescent lamps with total ac-
tive power of 1 kW. The electromagnetic inductors 8
were equipped with an electrical drive 11 on supports
12. Driven coils were used for smooth stabilization of
the rotor rpm. The speed of the rotor also could be ad-
justed by changing the main loading 10.

To study influence of high voltage on characteris-
tics of the converter, a system for radial electrical po-
larization was mounted. On a periphery of rotor the ring
electrodes 13 were set between the electromagnetic in-
ductors 8 and had an air gap of 10 mm with the rollers
2. The electrodes are connected to a high-voltage
source; the positive potential was connected to the sta-
tor, and the negative - to the polarization electrodes.
The polarizing voltage was adjusted in a range of 0-20
kV. In the experiments, a constant value of 20 kV was
used.

In case of emergency braking, a friction disk from
the ordinary car braking system was mounted on a basic
shaft of the rotor. The electrodynamics generator 7 was
connected to an ordinary passive resistive load through
a set of switches guaranteeing a step connection to the
load from 1 kW to 10 kW - a set often ordinary elec-
tric water heaters.

1 2 9 1 3 1 1
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Fig.3. The general view of the converter and its platform.

Converter under testing had in its inner core the oil
friction generator of thermal energy 15 intended for di-
recting a superfluous power (more than 10 kW) into the

thermo-exchange contour. But since the real output
power of the converter in experiment has not exceeded
7 kW, the oil friction thermal generator was not used.
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Fig.4. A diagram illustrating various operation regimes of the converter,
-G, +G changes in weight of the platform vs. rpm

Experimental results

The magnetic converter was mounted in a labora-
tory room on three concrete supports at a ground level.
The ceiling height of lab room was 3 meter. A common
working area of the laboratory was about 100 sq. me-
ters. Besides a presence of an iron-concrete ceiling in
the immediate proximity from the magnetic system
there was a generator and electric motor, which con-
tained tens of kilos of iron and could potentially deform
the field structures.

The device was started by the electric motor,
which accelerated rpm of the rotor. The revolutions
were smoothly increased up to the moment the ammeter
included in a circuit of the electric motor begin to show
zero or a negative value of consumed current. The
negative value indicated a presence of back current.
This back current was detected at approximately 550
rpm under clockwise rotation. The displacement meter
14 starts to detect the change in weight of the whole in-
stallation at 200 rpm. Afterwards, the electric motor is
completely disconnected by the electromagnetic muff
and an ordinary electrodynamics generator is connected
to the switchable 10 kW resistive load. The converter
rotor continues self-accelerating and approaches the
critical regime of 550 rpm when the weight of the
whole installation quickly changes.

In addition to dependence on a speed of rotation,
the common weight of device depends from output
power on the load and from applied polarizing voltage

as well. As seen on Fig.4, under maximum output
power is equal to 6-7 kW the change of weight AG of
the whole platform (total weight is about 350 kg),
reaches 35 % of the weight in an initial condition Gj.
Applying a load of more than 7 kW results in a gradual
decrease of rotation speed and an exit from self-
sustained mode (right sides of the curves on Fig.4 for a
7 kW loading).

The net weight Gn of the platform can be con-
trolled by applying high voltage to polarization ring
electrodes located at a distance of 10 mm from external
surfaces of the rollers. Under a high 20 kV voltage
(electrodes have a negative polarity) the increase of
tapped power of the basic generator more than 6 kW
does not influence AG if rotation speed is kept above
400 rpm. "Tightening" of this effect is observed as well
as the effect of hysteresis on AG at rotation of a rotor
on a clockwise and counter-clockwise (a kind of "resid-
ual induction"). The experimental diagrams given on
Fig.4 illustrate the -Kj and -G changes in weight of the
converter vs. rotor rpm. The effect of a local change of
the platform weight is reversible, relative to the direc-
tion of rotor revolution, and has the same hysteresis. A
clockwise rotation causes the critical regime to occur in
area of 550 rpm and a propulsion force against the di-
rection of gravitation vector is created. Correspond-
ingly, a counter-clockwise rotation causes the critical
mode to occur the in area of 600 rpm and a force in the
direction of gravitation vector is created.

American Institute of Aeronautics and Astronautics
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The difference in approach to a critical regime of
50-60 rpm was observed. It is necessary to mention
that the most interesting region are situated above the
critical area of 550 rpm, but due to of a number of
circumstances the implementation of such research was
not possible. Probably, there are also other resonant
modes appropriate to higher rpm of a rotor and to the
significant levels of useful loading and weight chang-
ing. Proceeding from the theoretical assumptions, the
dependence of tapped mechanical energy from the pa-

rameters of magnetic system of the converter and rpm
of a rotor has a non-linear character and the received ef-
fects are not optimum. From this point of view, the re-
vealing of a maximal output power, of maximal change
of weight and converter resource represents a large
practical and scientific interest. In tested sample of the
converter the using of higher rpm was inadmissible be-
cause of unsufficient mechanical durability of the mag-
netic system, which has been stuck together from sepa-
rate pieces.

6+1 kW

N,ipm
Output electrical Power of Converter

12-15 minutes
1+1 kW 2+1 kW 3+1 kW 4+1 kW 5+1 kW I* ^ . - .J——*I Wonoijg

35% dG

Fig.5 Diagrams of rotor accelerating and loading of the converter.

On Fig.5 the dependence of total weight of whole
installation and its output power directed into active
loading from rpm of a rotor of the converter is ex-
plained in detail. The diagrams are constructed for a
case of HV polarization ON (top diagram) and HV po-
larization OFF (bottom diagram). The time from start-
ing of the engine up to a mode of self-sustaining of the
converter at the rotation of a rotor clockwise approxi-
mately is equal 1.5 minutes. Power of starting DC en-
gine was about of 2 kW and reduction on a shaft of the
converter was equal 1/10. At achievement of a critical
mode (550 rpm.) the change of gross weight of a plat-
form already achieves +/-30% from Gj. Under transition
to resonant mode the revolutions with the large accel-
eration have increases up to 590 rpm and weight has
changes up to + 7-35% from G\. This point on the dia-
gram begins at once after a critical point (inclination of

a curve ai). At achievement of 590 rpm the first stage
of active loading 1 kW is connected to the electrody-
namics generator. The revolutions have a sharply reduc-
ing and AG also is changing. As soon as the revolutions
begin to grow again, the second switchable loading is
connected and rotor rpm are stabilized at a level of590-
595 rpm. AG continues to change. The increasing of
switchable loading occurs by steps on 1 kW up to total
power of 6 kW. All intervals are equal approximately of
10-30 sec. Afterwards the short-term increasing of revo-
lutions and then the full stabilization of the 6 kW output
during of 12-15 min was observed.

More than 50 launches of the converter with an ab-
solute repeatability within three months were carried
out. It is necessary to note that revolutions will grow
with acceleration shown on Fig.5 by angles ai...a5, if
do not switch on the next step of loading to the genera-
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tor at rpm increasing. For returning to a previous rpm
mode it is necessary to switch on a twice more loading.

The words above concern a mode with switched
ON a high voltage polarization of 20 kV, "plus" is on a
grounded stator. Without polarization voltage (lower
curve on Fig.5) the diagram is approximately the same,
but is well indicated the more soft character of a loading
and faster changing of weight of a platform due to de-
creasing of rpm.

Other interesting effect is corona discharges, which
was observed at the work of the converter in a dark
room. At this, around the converter rotor a blue-pink
glowing luminescence and a characteristic ozone smell
were noticed. On Fig.6 the cloud of ionization covers
area of the stator and rotor and is having accordingly a
toroidal form.

Fig.6. Corona discharges around the converter.

On a background of luminescence glowing on the
roller surfaces, we distinguished a separate «wave pic-
ture». A number of more vigorous strips of discharges
around the rollers were observed. These discharges
were of a white-yellow color but the characteristic
sound for arc discharges was not audible. There were
not noticed any erosive damages by arc discharges on
surfaces of the stator and the rollers as well.

One more effect previously not mentioned any-
where was observed - the vertical concentric magnetic
"walls" around the installation. We noticed and meas-
ured a permanent magnetic field around the converter
within a radius of 15 meters. For this magnetic field
measurement a Russian made magnetometer F4354/1
was used. Magnetometer had a Hall-effect sensor in a
copper shielding. The zones of increased intensity of a
magnetic flux 0.05 T, located concentrically from the
center of the installation were detected. The direction of
the magnetic field vector in these walls coincided with
direction of magnetic field vector of rollers. The struc-
ture of these zones was like the Bessel function of zero
order of two arguments. No any magnetic fields were
registered between these zones by portable magnetome-
ter. The layers of increased intensity were distributed
practically without losses up to a distance of about 15
meters from a center of the converter and had a quick
decreasing at a border of this zone. The thickness of
each layer was approximately of 5 - 6 cm the border of
each layer was very sharp. The distance between layers
was about of 50 - 80 cm where the upper value is seen
when moving from center of the converter. A stable pic-
ture of this field was observed as well as at a height of 6
m above the installation (on the second floor above the
lab). Above the second floor, measurements were not
carried out. The similar picture was observed and out-
side of a room of laboratory, directly in the street, on
the ground. The concentric walls were strictly vertical
and no had appreciable distortions. The Fig.7 illustrates
the schematic placing of the converter in a room of
laboratory and arrangement of concentric magnetic and
thermal fields around the installation.

30 M

Fig.7. Schematic placing of the converter and field patterns in lab room.
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An anomalous decrease of temperature in a vicinity
of the converter was also found. While the common
temperature background in laboratory was 4- 22°C
(±2°C) the stable fall of temperature of 6-8°C was no-
ticed. The same phenomenon was observed in concen-
tric vertical magnetic walls as well as. The measure-
ments of temperature inside the magnetic walls were
carried out by an ordinary alcohol thermometer with an
inertia of indication about 1.5 min. Inside the magnetic
walls the temperature changes can even be distinctly
observed by hand. When the hand is placed into this
magnetic wall the cold is felt at once. A similar thermal
picture was observed at height above the installation,
i.e. on a second floor of the laboratory as well as despite
the steel-reinforced concrete blocks of a ceiling and also
on an open air outside of the laboratory.

Concentric magnetic walls and accompanied ther-
mal effects begin to appear approximately from 200
rpm and have a linearly increasing with speeding up of
revolutions up to a critical regime. The measurements
above 600 rpm were not made because of fear of de-
struction of magnetic system. On Fig.8 the curve of in-
tensity of magnetic field in mT and change of tempera-
ture in Celsius degrees due to rpm changing is repre-
sented.

H
mT

rpm x 100

Fig.8. The dependence of intensity of magnetic
field and changes of temperature vs. rotor rpm of the
converter.

Discussion
All the results we obtained are extremely unusual

and require some theoretical explanation. Some theo-
retical approaches and phenomenological descriptions
can be found in our book [2], Unfortunately, interpreta-
tion of these results within the framework of conven-
tional physical theory cannot explain all observed phe-
nomena especially the change of weight. We can inter-
pret change of weight as a local change of gravitation or

as some propulsion force like a propeller work in air.
Only a role of a propeller the magnetic system is play-
ing, and a role of air - the quantum environment - ether
filled with a "dark matter and energy". Direct experi-
ment, which would has confirming the presence of a
propulsion force was not performed, but in any case
both interpretations of the weight change do not corre-
spond to the modern physics paradigm.

In conclusion we would like to emphasize that is-
sues of biological influence and especially effects of
unknown radiation around of the converter were not
considered at all. Our own experience allows us to do
only cautious assumption that the short-term stay (dozen
minutes) in a working zone of the converter with fixed
output power of 6 kW remains without observed conse-
quences for exposed persons.
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ABSTRACT 
 

 Driven by the knowledge that mass-ejection 
from a rocket engine is a major drawback in the 
exploration of space, investigations of fringe effects 
(or abnormalities) in known science and dealing 
with mass reduction was undertaken.  This research, 
then examines the possible connection between 
gravity and electro-magnetic affects on the Type II, 
YBCO superconductor, as reported by the Russian 
scientist, Eugene Podkletnov.  It is suggested that the 
quantum fluctuations of the electrons across the 
multitude of superconductor grain boundaries in a 
properly prepared Type II; superconductors may 
produce a measurable force on the vacuum that could 
counteract the effect of gravity, an acceleratory force.  
Within known physicists, the driving phenomena 
appears to relate to both the Maxwell Stress Tensor 
as derived by Oliver Heaviside and Woodward’s 
transient mass theory.  As a means of improving this 
understanding, a simplified laboratory experiment 
has been constructed using a modified–automated 
commercial Cavendish balance. The larger lead 
masses used in this balance was replaced by a system 
to EM modulate a superconductor.  Tests results 
were inconclusive because at both room temperature 
and at liquid nitrogen temperatures the application 
of the electromagnetic (EM) or rf energy resulted in 
an upward climb in the data.  
      
∗ Research Scientist; Propulsion Research Center 
† Project Scientist; Advanced Space Transportation Program Office 
‡ Research Engineer 
¶ Research Consultant; Department of Physics and Earth Science 
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INTRODUCTION 
 
Engineers working in the aerospace fields 

dealing with rocket engine technology quickly learn 
that mass-ejection is a major drawback in the 
exploration of space. Using current rocket 
technology a trip to the next star would easy 
consume the mass-energy equivalent of a planet in 
order to arrive within a reasonable lifetime with 
reasonable hardware and expendables for the 
journey.  Technologies like nuclear fission and 
fusion offer some hope, but still will not support the 
“Star Trek” vision of space exploration.  Therefore, 
the NASA Propulsion Research Center at the 
Marshall Space Flight Center in response to the 
propulsion challenges specified by the NASA 
Breakthrough Propulsion Physics (BPP)∗∗ project, 
specially to investigations fringe effects or 
abnormalities in known science and dealing with 
mass reduction, proposed to explore the recently 
report observation of anomalous gravitation behavior 
in experiments using high temperature 
superconductor. 

The thesis of this research is to see if there is a 
possibility to circumvent the rocket equation   
without violating   physical   laws   and   to produce 
valid experimental data that can be used to show 
credible validation of these effects.  The intend here 
is then to examining the possible connection between 
gravity and electro-magnetic affects on the Type II, 
YBCO superconductor, as reported by the Russian 
scientist, Eugene Podkletnov and provide a rigorous, 
independent, empirical conformation (or refutation) 
of the effect.   

It has been suggested that the quantum 
fluctuations (or electromagnetic nature) of the 
electrons across the multitude of small 
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superconductor grains, called Josephson junctions, in 
properly prepared sintered Type II, superconductors 
may produce a measurable force on the vacuum (i.e., 
space vacuum) that could counteract the acceleratory 
force of gravity.  

The experiment that was proposed utilizes a 
commercially available torsion balance called a 
Cavendish balance, which is commonly used by 
physics students to measure the value of the 
gravitational constant.  The extent of the experiment 
is not to measure the gravitational constant, but to 
measure the change in the dynamic angle induced on 
a torsion beam as a result of the attraction between 
the beam masses and external test masses (i.e., 
superconductor). In theory, the values of the 
calculated dynamic angles between two tests should 
be different if the masses are of different weight 
values. Assuming that the characteristics of the 
balance do not change between tests, the difference 
between the two dynamic angles can be used to 
correlate the mass change.  Whereby, if a change is 
detected between a superconductor and an electro-
magnetically radiated superconductor, one can 
deduce that there is a possibility that an interaction 
with the vacuum had occurred.   

The research conducted here is but a first step in 
the possible application of a theory into an applicable 
engineering space drive model, which can then be 
used to design a purely massless propulsion system 
for interplanetary applications. 

A successful or null test would however, not 
indicate the full benefit of the phenomena nor that it 
is truly a physical effect.  Whereby, further testing 
would need to be conducted to validate the results 
and to devise the true nature and applicability to a 
space propulsion system. 

   
 

BACKGROUND 
 
A number of anomalous gravitational effects (or 

acceleratory forces) have been reported in the 
scientific literature during recent years, but there has 
been no independent confirmation with regard to any 
of these claims.  One such experiments was reported 
by the Russian scientist, Eugene Podkletnov, in 
which he reported anomalous weight loss (0.05−
2.1%) for a variety of test masses suspended above a 
rotating YBCO#, type-II superconductor.[1,2]  Further 
experiments using simplified apparatus without 
rotation have reported transients of up to 5% weight 
loss.[3,4]  Still, a great deal of skepticism continues to 

                                                        
# Yttrium, Barium, Copper, and Oxygen. 

be expressed, mainly due to uncertainties associated 
with experimental technique.  Other researchers, for 
example, have yet to duplicate Podkletnov’s rotating 
disk experiments and obtained null results in a set of 
simplified experiments using a stationary disk.[5]  

The technical goal was then to critically test this 
revolutionary physical claim and provide a rigorous, 
independent, empirical confirmation (or refutation) 
of anomalous effects related to the manipulation of 
gravity by rf-pumped magnetized type-II 
superconductors.  Because the current empirical 
evidence for gravity modification is anecdotal, our 
objective was to design, construct, and meticulously 
implement a discriminating experiment, which 
would put these observations on a more firm footing 
within the scientific community.  Our approach is 
unique in that we advocate the construction of an 
extremely sensitive torsion balance with which to 
measure gravity modification effects by rf-pumped 
type-II superconductor test masses.   

Three competing theoretical explanations have 
been proposed to explain these gravitational 
anomalies: (1) gravity shielding,[1,2] (2) absorption 
via coupling to a Bose condensate,[3,4] and (3) a 
gravito-magnetic force.[5-9, 18]  To date, however, 
there has been no definitive corroboration between 
any of these theories and empirical observations.  
Therefore, it is clear that carefully designed and 
meticulously executed experiments are needed to 
explore these anomalies and to convincingly 
demonstrate the alleged effects.  However, validation 
of a new theory is in itself a long and mischievous 
task.  This is more so when you have to consider the 
nature of electrons at the atomic scale.   

In light of the granular nature of a sintered 
YBCO superconductor disk, one can address the 
much larger grain interfaces in more macroscopic 
terms using electric-potentials, displacement 
currents, and magnetic fields.  This is due to the 
Josephson junction effect at the interface, which is 
somewhat like an AC capacitor.   

A search of the literature has produced several 
experiments using capacitors to interact with the 
vacuum to cause a force; 1) the Trouton and Noble 
(T-N) experiment[21], 2) the Biefield-Brown (B-B) 
experiment[10], 3) the Graham and Lahoz (Heaviside) 
experiment[20], and 4) the Woodward (Transient 
Mass) experiment[17].   

 
 

ENGINEERING APPLICATION OF  
QUANTUM VACUUM 
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As aerospace engineers we deal more with the 
technology development of machines that have 
proven to work within the physical boundaries of 
known physical laws, which govern the rocket 
equations.  Speculative theories can only lead to 
misunderstanding and lost paths. Therefore, space 
propulsive systems are designed to overcome 
gravitational forces by the application of time 
varying the mass of a vehicle, i.e., the exhausting of 
onboard mass at high velocities.  What seems to be 
lost in this rational is that as the propellant becomes 
smaller with higher and higher exhaust velocities, as 
in the case of a laser or photon drive, the mass 
approaches a more quantum state.  The logical next 
step would then be to connect propulsion to the 
quantum vacuum through acceleratory forces, i.e., 
gravity.  

Long ago internationally renowned physicists 
hypothesized that gravity is an induced effect 
associated with zero point fluctuations (ZPF) of the 
quantum vacuum.[13-14]  Zeldovich first suggested 
that gravitational interactions could lead to a small 
disturbance in the non-zero quantum fluctuations of 
the vacuum and thus give rise to a finite value of 
Einstein’s cosmological constant.[13]  Sakharov later 
derived a value for Newton’s gravitational constant 
G  using frequency ω  as the only free parameter.[14] 

5G c h dω ω= ∫                         (1) 

where c  is the speed of light and h  is the Plank 
constant.  The integral is carried out over all 
frequencies using the Plank frequency on observable 
electromagnetic phenomena ( pω  ∼ 10-33 cm) as a 
cutoff value.   

Using this hypothesis as a basis, Puthoff has 
further extended Sakharov’s condition in a 
relativistically consistent manner.[15]  As a result of 
this work, it is possible to envision the attractive 
force of   gravity   in   terms  of    the   radiative  
interaction  between oscillating charges.  That is, the 
zero point field applied to subatomic particles.    
From this standpoint, it is plausible that MHz 
frequency irradiation of superconductors rich in 
Josephson junction sites, as occurred in Podkletnov’s 
experiments, could lead to a gravity modification 
effect through quantum ZPF interaction. 

Scientific evidence continues to mount in favor 
of a frequency dependent interpretation of gravity as 
an induced effect associated with the zero point 
fluctuations of the vacuum.  Accelerating theoretical 
progress combined with the anomalous gravity 
modification effects observed in experiments with 

irradiated Type II superconductors leads one to 
strongly suspect a deep physical connection.   

 
 
THE PODKLETNOV EXPERIMENTS 

 
Podkletnov’s gravity modification experiments 

were conducted in the early 1990’s.  Nevertheless, 
skepticism persists, especially since the experiments 
have not been adequately documented and repeated.  
Podkletnov reports the use of fairly large 
superconductor disks, 10 and 12 inches in diameter 
and approximately ½ inches thick, which were 
magnetically levitated and magnetically rotated in 
the presence of an rf electromagnetic field.  Samples 
placed over the rotating disk initially demonstrated a 
weight loss of 0.2−0.5%.  When the rotation speed 
was slowly reduced, the shielding effect became 
considerably higher and reached a maximum 
reduction of 1.9−2.1%.   

Of what is known of the YBCO superconductor 
disk used in these experiments, it seems certain that 
a large number of superconductor-oxide Josephson 
junctions exist within the disk.  These types of 
Josephson junctions, when conversed by an ac 
current, emit electromagnetic waves in the rf 
frequency range, and when radiated at rf frequencies, 
generate an ac current.  In a general sense, 
Josephson junctions are very small capacitors with 
the electrodes composed of superconductor material 
and the dielectric composed of an oxide layer.[12]  
The junction is modeled as shown in figure 1, where 
the superconductors (SC) are small sintered grains 
(noting that one or both of the grains could be a 
normal conductor), rf is the rf energy applied, JJ is 
the Josephson junction site, and i  is the induced or 
applied current. 

Figure 1. SC Josephson Junction Model. 
 
A superconductor with a structure of sintered 

grains would have many flux pinning sites around 
which Josephson junction sites exist. Flux pinning is 
a well-known phenomenon associated with type-II 
superconductors (like YBCO) where magnetic flux 
penetrates the superconductor and is held in place by 

SC SC  rf  

JJ 

i 
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self-generated super-currents.  Flux pinning results 
from any spatial inhomogeneity of the material, such 
as impurities, grain boundaries, voids, etc. where the 
magnetic flux can become trapped. To be most 
effective, these inhomogeneities must be on the scale 
of the order of the penetration depth or the coherence 
length, i.e. ~10.6 to 10.5 cm, rather than on the 
atomic scale where inhomogeneity causes electronic 
scattering which limits the mean free path.[12]   

The Josephson junction sites at the grain 
boundaries would generally not produce flux pinning 
due to the resistive nature of the boundary.  The 
exceptions might be under very high static magnetic 
field conditions.  Radiation of the sites with rf energy 
would allow current flows, but could cause the flux 
to vibrate and jump from one site to another 
depending on the frequency.    

Experiments conducted on both sintered and 
melt textured YBCO superconductors for the purpose 
of magnetic flux compression have shown that the 
rapidly moving flux with a millisecond rise time to 
approximately 1 kilogauss penetrates the 
superconductor with little (<35 gauss) compression 
of the field. Ψ  This would indicate that a magnetic 
field could easily move through the body of a 
sintered superconductor to produce currents within 
the grain structure.  Contradictory to this, it has also 
been shown during tests to repeat the Podkletnov 
experiment that an AC magnetic field will levitate a 
sintered (12 inch) disk.++ 

Podkletnov’s experiment used both AC 
magnetic fields and rf energy.  It would therefore 
seem that Podkletnov has produced a device to 
enhance the production of rf energy and rf energy to 
enhance the production of superconductor currents.  
These reinforcing phenomena should lead to high 
electron densities in the superconductor disk, focused 
at the Josephson junction sites and generated at the 
junction frequency. 

It is then suggested here that the quantum 
fluctuations of the electrons across the multitude of 
Josephson junctions in properly prepared Type II, 
superconductors may produce a measurable force on 
the vacuum that could counteract the effect of 
gravity. 

 
OTHER RELATED EXPERIMENTS 

 
 The capacitive like nature of the Josephson 
junction would make one wonder if other 
experiments have been conducted using capacitors to 
affect the vacuum.  Research of the literature 
indicates that experiments using capacitors as a 

coupling mechanism to the quantum vacuum is not a 
new idea.  In 1904, Trouton and Noble (T-N) 
reported that a mechanical force could be detected 
from a charged capacitor, which was free to 
rotate[21].  And in 1929, Townsend Brown reported 
translational motion using the now famous Biefield-
Brown (B-B) effect, which utilizes capacitors with 
extremely high electrical potentials (>70 kV)[10].  To 
the author’s knowledge,  
     

 
Ψ

Conducted by the first two authors. 
++ This work is being conducted under a NASA SBIR Phase II. 
no one has report a successful duplication of the B-B 
experiment.[11]  However in 1998, Cornille, Naudin, 
and Szames reported a successful duplication of the 
T-N experiment also using voltages near 70 kV.[22] 

Trying to connect these two experiments to 
Podkletnov’s experiment is somewhat deceptive as 
only statically charged capacitors with no magnetic 
fields were used.  One could speculate that the 
leakage current across the dielectric medium could 
occur at some (low) frequency associate with the 
atomic electron energy states.  Also, stray magnetic 
fields could have been present; at the least, the 
magnetic field of the earth was.  From a more 
physical sense, the time varying magnetic fields in 
the Podkletnov experiment would have created time 
varying high electrical potentials in the 
superconductor.   

In more recent times, Graham and Lahoz (in 
1980) reported the use of a coaxial capacitor to 
produce rotational motion from the vacuum by 
setting up a non-vanishing Poynting vector, as 
Maxwell and Poynting foresaw and predicted by 
Heaviside’s** time variation of Maxwell’s 
equations.[20]  Further, Woodward has recently done 
some very interesting work with capacitors, both 
theoretically and experimentally to validate the 
notion of a transient mass effect.[17]  These two 
experiments do have similarity to the Josephson 
junction and a further clarification  follows. 

 
Heaviside Force 

 
Oliver Heaviside in 1886 obtained an express 

from the divergence of the Maxwell stress tensor, 
which is a vector with units of force density ( 3/N m ), 
and therefore implies momentum transfer.  Corum 
names this the Heaviside force Hf  and gives it in 
vector form as 

                                                        
** Referred to as the Heaviside Force by Corum[19]. 
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( )
H

DxB
f

t
∂

=
∂

,                     (2) 

where D  is the electric displacement and B  is the 
magnetic induction[19].  

Corum goes on to present a space-drive that was 
first presented in an essay by Joseph Slepian in 1949. 
In the essay, Slepian models the space-drive by 
employing an rf source to drive two solenoids and a 
parallel-plate capacitor electrically wired in series.  
The rf energy was directed between the plates and 
perpendicular to the electric field of the plates.  In 
this arrangement, the current passing through the 
coils must also cross the capacitor.  This is shown in 
figure 2.  

In the Slepian model, one may say that the 
current can only cross the capacitor in the presence 
of an rf field.  This is the case for a superconductor 
Josephson junction.  In fact, Slepian space-drive 
model is a crude approximation of a Josephson 
junction and is only a short stretch to the junction 
model of figure 1.  

 
Figure 2. Slepian Space Drive Model. 

 
Transient Mass Shifts 

 
Woodward has come up with an equation for a 

transient mass shift (TMS) derived from Mach’s 
Principle (Woodward, 1991).  Woodward presented 
the transient mass shift 0m∂  in general terms as: 

       0
0 2

02
P

m
G c

βω
π ρ

∂ = ,                     (3) 

where 0m∂  is the transient mass; β  is the ratio 
2/ cφ  (φ  is the gravitational potential due to all the 

matter of the universe) and is approximately 1 and 
unitless; ω  is the frequency of the driving voltage 
into the capacitors in radians per second; 0P  is the 
power applied to the capacitors in Watts; G  is the 
gravitational constant = 6.673 x 10-11 N m2/kg2; 

0ρ  is the density of the capacitors; and c is the 
velocity of light  = 2.9979 x 108 m/s.  

A connection between Woodward’s transient 
mass and Podkletnov’s gravity modification 

experiment was presented in a previous paper.[16]  In 
the paper, a model of the Josephson junction, 
transient mass relationship was given similar to 
figure 3.  

As with figure 1, figure 3 presents a two-grain 
Josephson junction where one grain is a normal 
conductor NC and the other is superconductive SC. 
The current has been represented as a function ( )f i  
due to the uncertainty of this mechanism (i.e., time 
varying fields and rotation). The prospective is that 
electron charges e  formed in the normal conductor.  
The application of the rf energy at the appropriate 
frequency allows the flow of electron to cross the 
junction as pairs 2e . Noting the reverse effect is also 
possible. 

 
Figure 3.  Josephson Junction TMS Model. 

 
As cited in the previous paper, Woodward’s 

TMS formula has commonality with Modanese’s 
anomalous coupling theory (ACT)[3,4] and 
Woodward’s capacitor experiment has commonality 
with the layered superconductor disk of Podkletnov’s 
second experiment where the top part was a 
superconductor and the bottom portion a normal 
conductor.  The TMS formula derives a mass 
fluctuation from a time-varying energy density.  The 
ACT suggests that the essential ingredient for the 
gravity phenomenon is the presence of strong 
variations or fluctuations of the Cooper pair density 
(a time- varying energy density).  Woodward’s 
experiment used a small array of capacitors whose 
energy density was varied by an applied 11 kHz 
signal.  When these are vibrated up and down at the 
correct frequency so that they are going up when 
their mass is minimum and going down when their 
mass is maximum, then a small, constant, mass-
force change is possible. Podkletnov’s 
superconductor disk contained many Josephson 
junctions, which were radiated with a 3-4 MHz 
signal.  At the layered interface, the Cooper pairs are 
moving upward, while the electron pair separations 
are moving downward. 

These commonalties allow for ease in rewriting 
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superconductor mass shift m∂  as

2
jj jj

sc
sc

f P
m

G c
β

ρ
∂ = ,                        (4) 

where jjf  is the resonance frequency (in Hz) of the 
superconductor Josephson junctions, jjP  the effective 
combined power (in watts) of all the junctions, and 

scρ  is the density of the superconductor. Equation 4 
then represents the mass change of the 
superconductor.  
 

EXPERIMENTAL APPROACH 

Repeating the original Podkletnov experiment 
has been a major undertaking within the Marshall 
Space Flight Center for several years. Confusion 
over the original experimental design and the ability 
to produce the large superconductors have been the 
major problems.   Given these problems a much 
simpler experimental approach was devised to 
investigate the possible gravity connection.  This 
approach has not been without problems.  

The approach involved the replacement of the 
large (~1 kg) lead masses in a commercially 
available computerized torsion or Cavendish balance 
with a system that magnetically modulates an YBCO 
superconductor. A sketch of the proposed experiment 
is given in figure 4.  

Figure 4. Sketch of the Cavendish balance experiment. 
 
The measurement of the gravitation constant G  

(6.67 × 10-11 N⋅m2/kg2) using a Cavendish balance is 
a simple experiment, which is routinely performed 
by beginning physics students.  Using Newton's 
universal law of gravitation, it is possible to express 
the angular displacement φ  of the beam in terms of 
directly measurable quantities  

2

2GMml
R

φ
κ

=                 (5) 

where M  is the test mass, m  is the mass attached to 
each end of the beam, l  is the separation length of 
the beam mounted masses, R  is the distance from 
the center of each test mass to the center of each 
beam mounted mass, and κ  is the torsion constant 
of the fiber supporting the beam (not shown).  
 
Corrections 

 
The use of the Cavendish balance as supplied 

with the large lead masses requires several 
corrections.  Such as a correction for the 
gravitational torque on the beam and the cross torque 
between the opposite masses.  These corrections are 
easily approximated and are applied to the smaller 
masses.   Other corrections such as the variations in 
R  can be averaged out over many data points.   

In this experiment, the spherical large lead 
masses are being replaced by a much larger mass 
that is more like a rectangular box.  Such a shape 
makes the calculation of these corrections much 
more complicated without extensive testing.  The 
simple solution is to look at the things that are 
measurable versus those that are not and see how 
these change from one condition to the other. 
Equation 5 is then rewritten as, 

2 2c
Mk

GmlR
κ

φ   =      
                     (6) 

where ck  is the correction to m  the small mass. 
Equation 6 can then be used in the formulation 

of a percent mass change %M  even though the left 
side of the equation is unknown.  For example, a 
percent mass change %M  between a non-modulated 
superconductor mass 1M  and a modulated 
superconductor mass 2M  is just the ratio of the 
angular displacements 1φ  and 2φ , given by 

2 2

1 1

% MM
M

φ
φ

= =                             (7) 

where the angular displacements are measurable. 
 
Sensitivity 

 
 Equation 6 also is true for two different tests 
using two different mass weights. The change in the 
measured angular displacement of the torsion fiber 
will then be directly proportional to the change in 
the test mass.  For example, the change in angular 
displacement dφ  associated with an effective change 
in the test masses dM  is given by  

N S 
             

      

m 
m 

N S SC  

φ 

rf Power 
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Superconductor (SC) 
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c
d K G
dM

φ =                             (8) 

The sensitivity of the device is therefore 
dependent on the magnitude of 

 2

2c
c

k mlK
R κ

 =   
.   (9) 

 By noting that the torsion constant 2/(2 / )I Tκ π=  where 
2

2 2

1 2
c

TK
R lπ

  =     
  (10) 

which is independent of the smaller mass and any 
correction to it as long as the period T  is 
measurable. 

Based on the published characteristics of the as 
delivered Cavendish balance a numerical estimate 
for the sensitivity was determined to be  

0.3  microradians / gramd
dM

φ =         (11) 

for T = 120 sec, l = 30 cm, and R = 4.6 cm. 
The commercially available Cavendish balance 

was chosen because it contained a computerized 
electronic detector known as a symmetric differential 
capacitive (SDC) control unit∗∗ to electronically 
measure the position of the beam as it rotates.  The 
SDC is easily capable of measuring a displacement 
angle of 1 micro-radian.  Therefore for a 0.5% 
weight change of a 300-gram superconductor, a 
displacement angle of 1.5 micro-radians would be 
detectable. 
 Testing has shown that the calculated 
displacement angle varies not with M  but with 

2M R .   This is due to the uneven mass density of 
the superconductor containment system or modulator 
that will be described later.  That is, as the mass of 
the superconductor (or test mass) changes, the 
average density displacement of the modulator also 
changes, which in turn shifts the position of the 
modulators center of mass.  This makes the 
determination of the percent mass change or 
equation 7 more difficult to determine.  However, 
since we are only concerned at this point with seeing 
a change in the relationship between tests, the 
sensitivity to 21 R  in equation 9 is a plus. In the 
general sense, the sensitivity as given in equation 11 
is enhanced by the square of the difference in the 
shifted R  values as a result of the test mass weight 
change. 

 
Test Apparatus 

                                                        
∗∗ The SDC is an invention of Dr. Randall Peters; 

Research Consultant. 

 
In order to operate the balance in the hand-off 

operation inside a liquid nitrogen cyro-tank, the 
balance was fitted into a structure and the motion of 
the large masses was automated using a National 
Instruments, nuDrive (model 4SX-411) stepper 
motor controller and a National Instrument’s rack 
(PXI-1010 Chassis) mounted computer (PXI-8156B) 
using Labview 5.1 software written specifically for 
this operation.  The modified balance is shown in 
figure 5.   

The large masses were replaced by a system, 
referred to as the modulator, which was required to 
modulate the superconductor sample with 
electromagnetic (EM) or rf energy.  The modulator 
was composed of a superconductor, permanent 
magnets, an iron frame, a kHz coil, and an MHz 
antenna. Electrodes were placed adjacent to the 
superconductor to detect the hall current induced in 
the superconductor.  A magnetic shield (1006 steel) 
was added due to an attraction problem with the 

balance’s aluminum beam. A picture of the modified 
balance with the modulators is shown in figure 6 and 
a sketch of the modulator is shown in figure 7. 

 
Figure 5. Automated Cavendish Balance. 

Figure 6. Modulator & Balance. 
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Figure 7. Sketch of Modulator. 
 
The iron frame forms a magnetic circuit that 

directs the field through the superconductor and 
parallel to the balance’s beam.  The placement of the 
coil around the iron frame induces a time varying 
kHz field in the static field.  The MHz antenna is 
placed near the coils also inducing a time varying 
field in the static field.  The effect of these time 
varying fields were measured perpendicular to the 
static field. 
 The purpose of the static magnetic field 
produced by the permanent magnets was to induce 
currents in the superconductor about pinned flux 
sights and possibly the weaker holes about the 
grains, which would be much higher than that seen 
by the AC levitated superconductor in the 
Podkletnov experiment.  The kHz modulation field 
would then act to break the pinning sites freeing the 
pinning currents to move according to the motion of 
the magnetic field in the superconductor material. In 
theory, the radiated MHz field reduces the resistance 
of the Josephson junction between the grain 
boundaries and to allow resistiveless passage of the 
currents throughout the superconductor.   

The configuration of the superconductor then 
determines the mode of operation.  That is, if the 
superconductor is composed entirely of sintered 
grains, the Heaviside force at the Josephson junction 
sights will dominate any gravity effect.  On the other 
hand, if a non-superconducting, conductive layer is 
placed on the outward side of the sintered 
superconductor away from the balance; the electron 
motion across the boundary will produce a mass 
transit effect.  

 
Instabilities 

 
Several months were spent after the initial 

completion of the automated balance in determining 

and eliminating instabilities caused by the 
automation mechanism.  The major mechanical 
problem was caused by the support apparatus, which 
would bend downward (ah gravity) as the modulator 
moved through the zero position.  This allowed the 
spur gear to hit the support structure.  Repositioning 
of the gear only made it hit other structures.  The 
problem was fixed by grinding the top and bottom of 
the spur gear at an angle.  

Placement of the drive motor also presented a 
problem.  Due to the lack of support perpendicular to 
the balance beam, lead to the introduction of 
vibration. Placement of the motor such that the shaft 
rotation was in the plane of the modulator’s motion 
and adding support structures provided a major 
reduction in the induced vibrations. 

The deduction of these problems and the 
resulting fix thereof was hindered by the enclosure of 
the spur gear and the fact that some of the vibrations 
could only be detected by the analysis of the data.  A 
data run was typically done overnight to allow the 
balance to stabilize. Three to five data cycles were 
typically required before stabilization occurred.  One 
data cycle of about 35 minutes was required to get 
one dynamic angle measurement. 

The only problem to arise during cooling in 
liquid nitrogen was with the electrical connections.  
Cooling below 170C caused intermittent signal 
disturbances.  This was fixed by insulating the 
connections exposed to the liquid nitrogen 
temperatures. 
 

TESTS RESULTS 

 Only one type of superconductor sample has 
been tested.  It was composed of two layers; one of 
YBCO and one of PrBCO  (Pr – Praseodymium).   
The substitution of Pr for Y was done to cause the 
layer to be a conductor with similar crystal structure 
to the YBCO.  This sample was fabricated by the 
same manufacture producing the samples for the 
repeat of the Pokletnov experiment under a NASA 
SBIR phase II. Tests were conducted at room 
temperature and at liquid nitrogen (-196 C) 
temperature.  
 The YBCO superconductor only required < -180 
C to become superconductive.  The type K 
thermocouples used in the experiments flat lined 
between –186 C and –188 C in liquid nitrogen.  
Therefore to insure that the superconductor was in a 
superconductive state, tests were not conducted until 
a temperature < -186 C was optioned.  The following 
graphs (figure 8 – 12) represent a data set using the 
same torsion wire. The numbers across the bottom (x 
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– axis) of each chart refers to the number of cycles 
from which each dynamic angle was calculated.  The 
sequence is in order of time from start to finish of a 
data run. Each dynamic angle (or cycle) depended on 
the period of the torsion beam, but typically was 
between 30 and 40 minutes. The voltage value on the 
left (y -axis) of each chart refers to the calculated 
dynamic angle.  The values have been left in its 
voltage value because the conversion factor for the 
control unit was stable between tests. 
 The results of the superconductor tests are base 
lined against a copper (Cu) sample.   
 
No-Modulation 
 
 The results of the room temperature and the 
liquid nitrogen (i.e., superconductive) tests for the 
non-modulated or static magnetic field cases are 
shown in figure 8 and figure 9, respectfully. 
 As seen in the room temperature tests of figure 
8, the calculated dynamic angles between the varying 
weighted masses increased with decrease mass 
weight due to the non-uniform density of the 
modulator (i.e., 1/R2).  Additional tests were 
conducted using other weights composed of 
fiberglass epoxy, aluminum, and lead, which showed 
the same result. 
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Figure 8: Dynamic Angle of copper sample (Cu) and 
superconductor sample (PR123) at room temperatures. 

 
In the liquid nitrogen tests of figure 9, the tests 

were started when the superconductor was at 
superconductive temperatures and allow to warm-up 
over night.  As shown, at the non-superconductive 
temperature of – 175 C there is a noticeable change 
in the values of the dynamic angles. (Approximately 
0.06 v for the superconductor sample and 0.05 for 
the copper sample.)  Earlier tests down to –170 C 
with the original lead masses in the balance, also 
show good results in the calculation of the 
gravitational constant, which changed by less than 
2% from the room temperature value.   

Instabilities noted at the beginning of the liquid 
nitrogen test of the superconductor sample warranted 
a repeat at the lower temperature. This was 
conducted immediately following the first test as not 
to disturb the balance.   Figure 10 shows the data 
from the repeated run.    

Figures 9 and 10 then show that the 
superconductor and the copper samples produced 
similar results at the lower temperatures. 

 
EM Modulation 
 

EM modulation tests were conducted at room 
temperatures and at liquid nitrogen temperatures for 
only the superconductor. These tests are shown in  
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Figure 9: Dynamic Angle of copper sample (Cu) and 
superconductor sample (PR123) from superconductive 
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temperatures to non-superconductive temperature. 
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Figure 10: Dynamic Angle of the superconductor sample (PR123) 
at superconductive temperatures.  
 
figure 11 and figure 12.  The room temperature tests 
of figure 11 shows the effect of the MHz and kHz 
frequencies separately. In the liquid nitrogen test 
shown in figure 12, both the MHz and KHz 
frequencies are used together. 

In both cases, the calculated dynamic angle 
increased over time.   In the liquid nitrogen tests, the 
first two data points are with no EM modulation.  
This was done to detect a change before the boil off 
of the liquid nitrogen due to the rf heating of the iron 
frame, which was partially submerged in the liquid  
nitrogen.  Rapid boil off reduced the superconductive 
run time from approximately six hours with no EM 
modulation down to two hours with EM modulation.      
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Figure 11: Dynamic Angle of the superconductor sample (PR123) 
at room temperatures with EM energy applied. 
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Figure 12: Dynamic Angle of the superconductor sample (PR123) 
at superconductive temperatures with EM energy applied. 
 
 
CONCLUSIONS AND RECOMMENDATIONS 

 
To summarize, we note that these exploratory 

experiments have been carried out in an attempt to 
quantify the effects of EM energy on a 
superconductor.  The general conclusion is that the 
results of these tests gave a null result.  That is, no 
conclusion at this time can be made to the EM 
effects on the superconductor.  This conclusion is 
reached based on the increasing dynamic angle over 
time in both the room temperature and liquid 
nitrogen temperature tests.   

Further, it is concluded that the balance is 
sensitive to mass changes at room temperature and 
down to approximately -175 C but not when the 
temperature is < -186.  This conclusion was reached 
based on the similarities in the data for both the 
copper and superconductor samples in figure 9. 
However because no time varying temperature data 
was taken on these tests, further testing is required to 
pin point the actual shift point between –175 C and –
186 C. 

 If a temperature at which the superconductor 
becomes superconductive and within the sensitivity 
of the balance is determined, it is recommended that 



 
American Institute of Aeronautics and Astronautics 

11

non-EM modulated tests on the masses reported here 
and on a non-layered superconductor be conducted.  
Regardless of the results, a redesign of the balance is 
recommended to eliminate the EM modulation 
effects on the balance control unit and to reduce the 
heating effect of the modulator. 
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