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Abstract: The use of the Google Scholar produces about 278 hits on the term ““inertial propulsion.”
If patents are also included, the number of hits increases to 536. This paper discusses, in a critical
way, some characteristic aspects of this controversial topic. The review starts with the halteres of
athletes in the Olympic games of ancient times and then continues with some typical devices which
were developed or/and patented from the second fourth of the twentieth century till today.
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1. Introduction

The origin of the term “inertial propulsion” is not clear. Some of the early scientific papers
mentioning this term around mid-1960s are [1,2]. In 1977, this term was already included as an entry
in a technical encyclopedia [3] but was restricted to the experimental works by Professor Eric
Laithwaite [4]. We could say that inertial propulsion typically refers to a hypothetical concept where
a propulsion system generates thrust without expelling mass or propellant. It is widely accepted that
such concepts often fall into the realm of speculative or fringe ideas and may lack scientific validation
or consensus. A paper that demonstrates that an inertia propelled device under dry friction moves in
the opposite direction than the same device under viscous friction is [5].

Despite this unfavorable point of view of this controversial term, there are also many useful
applications of inertial propulsion which will be discussed in this review paper. Interestingly, this
idea has attracted the interest of many practicians, as well as of many serious researchers of high
academic background, including persons coming from aerospace industry or academia who have
granted a considerable number of patents (e.g., [6] among many others).

The motivation of the researchers on inertial propulsion is multiple. Some of them had found a
supposed way to break the physical laws thus to achieve action-without-reaction and thus to increase
the efficiency of machines. Others have found an alternative way to move heavy objects by vibrations
without actual lifting thus saving energy costs (e.g., [7-11]). Also, gyroscopes have been used for
harvesting energy from waves [12,13].

Concerning space applications, the tendency of researchers to replace the fuel-consuming
rockets for interstellar space travels is also a particular topic of high importance for the future of the
mankind. Some of the alternatives have been reported in [14,15]. And because the supply of new
inventive ideas was plentiful and pressing (more than three applications per day), in the year 2006
NASA decided to release a report to discourage new inventors [16].

Nevertheless, although the topic of inertial propulsion does not seem to provide a practical
means for space propulsion by itself (it is useful for navigation [17,18] and attitude control [19]
though), it is interesting to write down the course the human mind has followed so far and dreamed
a better future. This review also offers a global approach to future researchers of this kind.

The structure of the paper is as follows. Section 2 refers to ancient times. Section 3 discusses the
progress in the 20 century, while section 4 continues with the 21rst century. Section 5 refers to the
involved mechanics in inertial drives, and section 6 is a thorough discussion in which additional
breakthrough methods are also mentioned.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Ancient Times and Fictional References

As previously was mentioned, there are several reasons for this kind of research. If we begin
from the ancient times, Greek athletes used hand-held weights (called “halteres”, see Figure 1) aiming
at extending the distance travelled in the Olympic long jump [20]. It is hypothesized that as far as the
athlete is into the air, the conservation of momentum is the reason that he may control the horizontal
motion by lowering the inertial mass ([21,22] and papers therein).

Figure 1. Halteres used in athletic games in ancient Greece, National Archaeological Museum, Athens
(from https://en.wikipedia.org/wiki/Halteres_(ancient_Greece))

In a chronological sequence, the second written record exists in one of the stories regarding
Baron Miinchhausen, a fictional German nobleman created by the writer Rudolf Erich Raspe in his
1785 book. Miinchhausen is trapped on his horse into a lake of mud, and he tries to pull his hair to
give his body a boost to escape (Figure 2) [23]. Of course, in the real world this is not possible because
the pulling force is internal thus the center of mass cannot move. Nevertheless, it is a case for
reflection as to whether release is possible.

Figure 2. Baron Miinchhausen uses support-less propulsion to get out from the swamp by pulling
himself up by his hair (source: [23]).

3. Inventions in the Twentieth Century

3.1. Rotating Masses

Since the second fourth of twentieth century a lot of “inertial drives” have been developed and
some of them were patented. The main idea is that unidirectional thrust may be caused by contra-
rotating eccentric masses (the assembly is called inertial drive) which are attached to a vehicle or a
cart. The need of two masses (even number in general) is related to the cancelation of the forces in
the vertical (undesirable) direction of vehicle’s motion.

The first official record is probably the patent by the Italian Professor Marco Todeschini (1933)
[24], in which the drive consists of two contra-rotating masses moving on a three-dimensional curve
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thus offering a net thrust and motion of the vehicle (i.e., toward the vertical axis on Earth’s surface
shown in Figure 3).
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Figure 3. Extract from Todeschini’s patent [24]. (source: https://www.circolotodeschini.com/brevetto-

provatidis/).

Thirty-five years later, the American citizen Norman Dean proposed a different setup and
claimed that it could assist space travels (Figure 4) [25,26]. The topic has kept researchers from the
civilian and military sector busy, therefore a lot of favorable publications are available. [27-32].

Figure 4. Dean drive (source: https://en.wikipedia.org/wiki/Dean_drive).

A few years later (in 1963), the “Dean drive” was rejected for the first time in a scientific paper
by Professor Stepanov [33] (Figure 5) while later references on the same issue from Russian academics
(already mentioned) are [7,8].
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Figure 5. The front page of the paper by Professor Stepanov [33] regarding Dean drive.

The abovementioned negative comments did not influence the Italian Professor Alfio Di Bella
who came back by extending the ideas of his compatriot Marco Todeschini [24], first by filling a patent
in May 1967 [34] and fifteen months later (August 1968) presenting an experimental prototype
accompanied with theoretical results [35]. Briefly, with respect to Figure 6, the motor 1 turns frame
4, carrying axle 9, counterweight 11 and bevel gear 10, which meshes with the fixed bevel gear 14.
This causes the out-of-balance shown mass m to follow the eight-shaped locus, known to
mathematicians as the Viviani’s curve, or Viviani’s window (see, [36]).
mechanisms for ornithopters were later reported by [37].

Similar differential

-

2]
L

Fig.2

Figure 6. The Di Bella mechanism [34]. (source: http://perpetualmotion21.blogspot.com/2014/07/the-
todeschinidi-bella-device-part-i.html).

According to [38] as well as additional sources, in the year 1936, the Russian engineer Vladimir
Tolchin (an engineer and head of the design office at Perm’s Dzerzhinsky Machine Plant) had
invented, described, and engineered a mechanism he dubbed the “inertioid”. It was a cart on which
one or two loads were moved about — one slower, the other faster — by means of a spring motor.
The cart itself then moved in an uneven fashion, even though no power was transmitted to the
wheels. What is most interesting in the story of the inertioid (and its numerous variations) is the
ontological interpretation of its principle of motion. Tolchin believed his cart moved without
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propulsion (there was no transmission mechanism from the motor to the wheels), arguing at the same
time that it functioned “in accordance with the laws of a full mechanical process”, some aspects of
which he interpreted in a new way [39]. However, the Perm designer’s intemperate followers,
responding to critics who pointed out that the movement of Tolchin’s cart violated the law of
conservation of momentum, made the dizzying conclusion that the inertioid challenged existing
physical laws. A new physics was needed to explain its motion. By the time Tolchin published his
book in the late 1960s (first edition), the “natural” objects of this other physics had, in fact, been in
evidence for some time. For the demonstration of an experimental prototype the reader is addressed
to [40].

The fact that the use of vibrational methods was a favorite subject of Eastern scientists is
confirmed by [7-10,26], as well as the numerous bibliographic references cited in the works of the
Bulgarian Professor Ivan Lukanov, whose second language was Russian (see, section 4.2).

From the above discussion it becomes evident that the “Dean-drive” which appeared in USA in
late 1950s and caused much ‘noise’, was not a local event, but an issue that had kept inventors busy
some years earlier, at least in Italy and Russia. It is worthy to mention that in mid-1960s the concept
of propulsion without wheels was also an attractive topic in United Kingdom to Professor Eric
Laithwaite but was based mostly on electromagnetic considerations [41] (first printed in 1966).

3.2. Gyroscopes and Spinning Wheels

Apart from the unidirectional thrust caused by contra-rotating eccentric masses, there are
several experiments performed on gyroscopes. It has been written in [42] that Professor Eric
Laithwaite was an able communicator and made many television appearances including those of his
Royal Institution Christmas Lectures to young people in 1966 and 1974. The latter of these made much
of the surprising properties of the gyroscope. In his 1974 lectures, Laithwaite suggested that Newton’s
laws of motion could not account for the behaviour of gyroscopes and that they could be used as a
means of reactionless propulsion. The members of the Royal Institution rejected his ideas and his
lectures were not published at the time, a first for the Royal Institution. His lectures were
subsequently published independently as Engineer Through The Looking-Glass and also on the Royal
Institution website [43].

At almost the same time, another scientific attempt to study rotating gyroscopes is due to Bruce
De Palma (1935-1997), who was working at MIT as a lecturer in Photographic Science in the
Laboratory of Dr. Harold Edgerton and directed 3-D color photographic research for Dr. Edwin Land
of Polaroid Corporation [44]. Based on photographic experiments since 1974 until his untimely death
in October 1977, he claimed to have measured a delay in a falling gyro or an increase of its upper
level in an oblique shoot [45-47].

Thirteen years after De Palma’s experiments, Hayasaka and Takeuchi measured a weight
reduction of gyros when rotating in the right direction (spin vector pointing downward) [48]; they
showed that the higher the gyro revolutions per minute the higher the weight loss. This finding was
disputed by many others [49-55]. However, it is not perhaps widely known that Hayasaka insisted
to his findings and eight years later he cooperated with three other coworkers and presented again
similar measurements when the rotating gyro falls from a height [56] (unfortunately, the volume in
which this paper belongs has been withdrawn from the electronic version of the Journal; so the
interested reader has to ask for a hard copy in a library). In contrast, in a later paper Luo et al. [57]
report that:

“...the differential acceleration between a rotating mechanical gyroscope and a nonrotating one
was directly measured by using a double free-fall interferometer, and no apparent differential
acceleration has been observed at the relative level of 2x10-. It means that the equivalence principle
is still valid for rotating extended bodies, i.e., the spin-gravity interaction between the extended
bodies has not been observed at this level. Also, to the limit of our experimental sensitivity, there is
no observed asymmetrical effect or antigravity of the rotating gyroscopes as reported by Hayasaka
et al. [48]".
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Moreover, the last paper in favour of Hayasaka’s theory is [58], and probably those by professor
Dmitriev [59,60] (closely related papers by the same author are [61-63]). Recently, it has been shown
that within the context of Newtonian mechanics a possible explanation for the decrease of the
observed gravitational acceleration may be the change in the inclination of the gyroscope [64].

One of the latest paper concerning gyroscopes, and particular Laithwaite’s experiments is
probably due to the British physicist Wayte [65] who reported a weight loss of 8 percent (it is noted
that this loss has been calculated as a time integral of measured impulse of the reaction force). This
finding was later disputed by Lérincz and Tajmar [66]. In addition, the mechanics of Laithwaite’s
engine have been studied until recently by Provatidis [67,68] and this issue will be discussed later in
the present paper (see section 4.3).

4. Progress in the Twenty-First Century

4.1. Theoretical Contributions

In the turn to the twentieth-first century a lot of questions regarding ‘gravity control” had not
been answered, thus at least three projects were running simultaneously.

The first is Project Greenglow (The Quest for Gravity Control), which started in the mid-1990s,
and has run officially under management of the mathematician Ron Evans at BAE (British Aerospace)
[69-73].

For the second project, called GRASP (Gravity Research for Advanced Space Propulsion), it has
been written that took place at Boeing Co. although the company said that did not spent money on
that [73-75]. The latter is related with Eugene Podkletov for sure but not much info is available in the
public domain [76].

Regarding the third project, in 1996, a team of (USA) government, university and industry
researchers proposed a program to seek the ultimate breakthroughs in space transportation:
propulsion that requires no propellant mass, propulsion that can approach and, if possible,
circumvent light speed, and breakthrough methods of energy production to power such devices [77].
In the period 1996-2004, NASA funded the Breakthrough Physics Program, managed by Marc Millis
(open access reports are [77-79]), and the very final report was documented in a book of 740 pages
[80].

Within the context of the abovementioned NASA'’s project, it was concluded that the ‘mechanical
antigravity’ is impossible thus a particular report was released in December 2006 to prevent future
inventors from disturbing them [16].

Despite the suggestions by NASA, the USA Patent Office continued to grant patents related to
the term “antigravity” or other closely related ones. An internet search in Google Patents in January
2024 shows about 10,000 entries on the word “antigravity”, 7,777 entries for the word “gravity
control”, 17 entries for the word “antigravity propulsion” and another 18 entries for the word
“reactionless propulsion”. Considering that more than 20 alternative principles of physics can be
used to achieve propulsion (as has been documented in [80,81]), of which one such methodology is
the inertial propulsion, it becomes evident that this review paper cannot cover the whole topic.
Instead of this, the present paper restricts to the use of masses and gyroscopes and occasionally refers
to other methods only when it makes sense.

As already mentioned, the conventional Dean-drive consists of two contra-rotating out-of-
balance masses (eccentrics) thus each mass traces out a complete closed circular path, when the cart
is still immobile. As a result, as the mass rotates the impulse of the inertial (centripetal) force given
in the upper half of this circle is cancelled by the impulse of the lower half of the same circle. To
restore this shortcoming and break the symmetry (upper equals lower), some inventors have tried to
modify the lower part (see, e.g., Hoshino [82] and Figure 7) or to introduce a secondary motion on
the articulation of the rotating masses on the vehicle or to modify the ideally symmetric shape of the
curve [83,84] thus causing a sort of time delay (as they claim).
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Figure 7. One way to modify the lower radius in the path of the eccentric masses (from Hoshino
[82]).

Another way to modify the symmetrical shape of the circle traced by the two contra-rotating
masses is as follows. A patent filled in October 2008 [85], smoothly modifies the lower part of the
circular path of the rotating masses, using a special differential mechanism was explained in [86,87].
In more detail, the rotating masses trace a figure-eight-shaped path (the symbol of infinity, «) which
is also inscribed into a half-spherical surface. This configuration (i) preserves the motion of the
rotating masses in the upper part (either above or below the center of the sphere) and (ii) allows for
the orientation of the axis of symmetry (of the said half-spherical surface) toward the desired
direction of motion. But although this setup introduces a sort of asymmetry, it is obvious that after
every 360 degrees of rotation (at angular velocity w;) the masses always take the same initial position
thus the time integral of the inertial force over a period vanishes. To overcome this shortcoming, the
axis of symmetry of the said half-spherical surface is subject to a second rotation (at angular velocity
wy) thus fully breaking the symmetry except of the case that its angular velocity is a multiple of the
angular velocity of the contra-rotating masses (i.e., w, = kw;, where k is an integer number) (for
details, see [87]). Nevertheless, despite the title of that paper, and even though it is unlikely that two
upper points of the traced curve will be at the same altitude (height) on the vertical z-axis, during
the almost chaotic motion of each rotating mass there will always two successive points along the
curve (say the first point is the local lowest the next will be the local highest) at which the horizontal
velocity component will both vanish (see, Figure 8). In conclusion, despite the title of [87], within the
context of Newtonian mechanics, it is not possible to continuously obtain net thrust.

Figure 8. The concept of the eight-shaped drive [85-87] (artwork by S. Frigas).

It has been widely written that the most simplistic way to break the symmetry is to force the
rods of the rotating masses to trace a circular arc of only 180 degrees, like car wiper blades. However,
a mechanical study reveals vanishing impulse per period thus null net thrust (see, Appendix A).
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Another idea has come from the axial impact of an elastic beam (Figure 9). It is well-known from
the theory of elasticity, that when a Heaviside axial force F is exerted on an elastic bar it takes some
time until the elastic wave reaches the fixation and then the reaction force becomes double (i.e., equal
to 2F) and remains constant during the half period [88]. This fact is not against Newton'’s third law
(action equals to reaction) because the total impulse is preserved (see, Figure 9b). Based on this
observation, it was though that the rectification of the axial force would be possible if the beam was
rotating with a period equal to the period of the elastic wave. The initial thought was that the dead
time-interval in which the reaction force vanishes could correspond to positions of the beam below
the horizontal line passing through the articulation point 0, thus when the reaction force becomes
non-zero then the beam would be found in the upper half space and would be pushed upwards.
Unfortunately, this supposed “brilliant” idea did not work for the following two reasons: (i) because
the reaction force is internal to the system and (ii) because a Coriolis force cancels it action. And since
the Coriolis force does not exist in electromagnetics, a mechanical model of the Dean drive was
compared with a Tesla-like electromagnetically based model [89] (a paper approved by Boeing Co.).
In other words, both models, i.e. the mechanical Dean drive (based on circular track) and the
electromagnetic model showed null thrust. A report describing the atmosphere of a relevant
Conference meeting, with the eyes of a specialized journalist, is [90].

(a) (b) AF, ; (l)
2F

E‘eucnon (t ) 4 O A F
7

(d) !

' Initial position
of the rod

Figure 9. The concept of the rotating elastic rod under an impact force (a) immobile rod, (b) reaction
force, (c) first halve, (d) second halve of period.

The reader may easily find many Internet (e.g., YouTube) movies in which a black box swims or
jumps up by itself or a cart moves aided by a sort of inertial drive. In other words, the inertial
propulsion is an experimental fact, but its limits had not been explored, or at least had not been
published until the end of the first decade of 2000. The only “scientific” work is that of Davis [30] in
which a ‘fourth law of motion’ is proposed (in addition to the three ones by Isaac Newton). On the
other hand, one may still find a lot of (pseudo-scientific) explanations that have been posted to the
Internet.

To the best of our understanding, till the end of the twentieth century the literature was reduced
to rather the description of existing patents and/or qualitative characteristics of them [91-94]. In the
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beginning a the 21rst century (2006), a PhD thesis focusing on some existing inertial propulsion
patents, without encouraging results on the possibility of net thrust, was defended [95]. Another
relevant paper is [96].

To show the capabilities of the conventional Dean-drive (let us call it so) operating into the air,
Provatidis [97-100] published his first four papers considering that the rotating masses track circular
curves (the simplest case). To make robust conclusions, several formulations were applied such as (i)
decomposition of the mechanical system into free body-diagrams and further application of
Newton’s laws, (ii) study of the center of mass, (iii) application of Lagrange equations, and (iv)
conservation of linear momentum. Obviously, all these four approaches have led to the same result,
which for ‘motion in the air’ is as follows:

e An inertial drive attached to a vehicle or cart, which initially lies on the ground, causes
alternating (sinusoidal) support forces on it. For an immobilized vehicle, the total linear
momentum of the contra-rotating masses varies in time and its temporal derivative equals to the
vertical support force (ground reaction exerted on the vehicle or cart). For the continuous motion
of the contra-rotating masses at a constant angular velocity w,, external energy is generally
required to withstand the friction loses [97].

¢  When the magnitude of the constant angular velocity, w, is adequately high, the vehicle (cart)
can perform a vertical jump. This happens because in the upward motion of the rotating masses
(i) the reaction force is higher than the weight, and (ii) the center of mass of the system (cart +
rotating masses) has an adequately large initial velocity which allows for a vertical shoot.

e  An alternative explanation for the motion of the vehicle due to the attached inertial drive is as
follows. In the beginning the rotating masses of the inertial drive possess a certain linear
momentum P, toward the vertical z-axis. When the orientation of the connecting rods (radii of
out-of-balance masses) becomes vertical, the velocity vectors of these masses become horizontal
thus the linear momentum of the rotating masses vanishes. If -for example- the angular velocity
is high, the change of linear momentum per revolution (M gAt) is a small percentage of the total
initial value, thus practically the linear momentum of the system is preserved. Due to the said
conservation of linear momentum in the vertical z-axis, the lost momentum is undertaken by
the vehicle. But since after 90 degrees the connecting rods will become horizontal with peak
velocities, the instantaneous velocity of the vehicle vanishes, and so on.

e  Obviously, if no extra energy is transmitted to the inertial drive, the initial angular velocity of
the rotating masses cannot be preserved at a constant value w, but again the vehicle can jump
[98].

e  The maximum height the mechanical system “vehicle + drive” can reach depends on the initial
velocity of the center of mass of this system.

e  The initial velocity of the center of mass occurs when the two connecting rods to which the
masses are attached are found on a horizontal position and at the same time the ground
suddenly opens like the cover of a well. Then, the conservation of the linear momentum toward
the vertical axis is ensured [98]. Again, it should become clear that while the vehicle stands on
the ground the linear momentum is not preserved.

¢  Depending on the level of the initial velocity, the vehicle may elevate following an oscillating
mode with the rods having performed usually a lot of revolutions, until the center of mass takes
a zero value. Then the vehicle starts falling, again elevate following an oscillating mode until it
takes its initial velocity in the opposite direction.

e During an extremely short time interval, it is possible to keep the vehicle immobile into the air.
This phase ends when the rods which carry the rotating masses become vertical, thus the
denominator of a closed-form expression vanishes, and the fraction becomes infinite [97].

e Insome sense, the sinusoidal support forces are very similar to those exerted on the ground by
a spring-mass system [100]. To better understand this issue, note that when the topic of
oscillations is presented in high-schools or colleges, teachers say that the oscillation is the
projection of a moving material point on a circle determined by the extreme positions of that
oscillation.
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e  Therefore, the center of mass of the system performs a vertical shoot, but also an oblique shoot

is possible [98].

From the above conclusions, one may understand that an inertial drive practically offers the
initial velocity to the center of mass (as far as the vehicle presses the ground), which velocity could
be alternatively given through a catapult. In conclusion, within the context of inertial propulsion the
inertial drive practically replaces the catapult.

Now, the above observation can justify the ‘peculiar’ behaviour of an untransparent box within
which an inertial drive exists, i.e. that the said “‘magic’ box may perform an unexpected upward jump,
vertical or oblique, or even to climb an inclined plane. The only condition is that when the box is left
to move or fall, the connecting bars (carrying the rotating masses) must be close to the horizontal
direction to ensure linear momentum in the upward vertical z-direction.

Similar conclusions may be derived for a floating object on water. Since the influence of the
gravity is indirect (it affects only the weight), the difference with the previous case is that now a water
resistance appears, depending on Reynolds number. The boat travels a certain distance on the water
and when it reaches a maximum distance from the starting point it practically stops (it performs a
slight oscillation). A publication dedicated on this issue is [101] accompanied with some movies.

Of major practical importance is the motion on the ground. Typical cases are the possible motion
of a washing machine or the motion from the bumper of a mobile cellphone. In general, the inertial
drive induces centripetal forces which may overcome the static friction thus causing motion. This is
a rather old story which has been applied to vibrational transportation [7-11], and to micro- and
nano-robots [102-107]. Later, the concept of Dean drive (although not clearly mentioned therein) was
applied to the modeling and control of micro-robotic systems by Vartholomeos and Papadopoulos
[108,109]. Quite independently, the theoretical capability of Dean drive to perform motion of a vehicle
has been further elucidated by Provatidis [110,111] and a particular study for an alternative figure-
eight shaped drive was reported in [112]. Also, a state-of-the-art report until 2011, including more
propulsive methods than those by inertial drives, is [113,114].

In August 2015, Mike Gamble, a senior electrical engineer at Boeing Co., presented a released
paper regarding the history of Boeing (CMG) Control Moment Gyros [115]. His presentation was
mainly a non-technical pictorial history of Boeing’s CMG work, which started back in the 1960s and
continued into the 1990s. He got involved with it in 1995 when he took over operations of the (GN&C)
Guidance, Navigation and Controls lab at the Boeing Kent (WA) Space Center. This lab and the
building that housed it were badly damaged in the 2001 Seattle earthquake and later demolished.
The pictures in his presentation show many of the different types of test articles built and used along
with some of the lab facilities.

In the same Conference Mike Gamble presented a second paper [116], from which the extracted
chart of Figure 10 shows the sawtooth input torquing rate waveshape (scissoring) for generating the
pulsed output force. He has claimed that torquing fast in one direction and slow in the other,
generates a pulsed (average) output force which is similar in waveshape to that of the examples based
on rotating masses.
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Figure 10. The average thrust produced by the gyro scissor operation (from [116] with permission).

Remaining within the field of gyroscopes, a remarkable work is that by Alexander Dmitriev, a
former professor at the University of Saint Peterburg in the laboratory of Optics, who has shown that
a horizontally spinning rotor loses more weight the faster it spins [59-63]. Based on these experiments
as well as of those by V.N. Samokhvalov [117,118], the American mathematician Dennis Allen, Jr.,
has been highly influenced thus he has developed a new theory according to which Newton’s Second
Law has to be revised by modifying the mass to its updated form:

m, = m{1 — [C(|a||s|cos*a)] + K[C(|a||s|cos?a)]*}, )]

where C,K are experimentally determined constants, @ is an angle in degrees, |a| is the
magnitude of the acceleration vector and [s| is the magnitude of the surge vector (i.e. s = da/dt).
Details may be found in a Chapter of his revised book jointly with the senior lecturer Jeremy
Dunning-Davies [119].

Until now the review has reduced to rotating masses and gyroscopes. Since the friction causes a
fast decay in both, there are some patents introducing the concept of the pendulum in which the
decay is much smaller [120]. A particular patent of the talented inventor Mr. Veljko Milkovic in which
an inclined pendulum could offer inertial propulsion to a cart was studied by Allen and Provatidis
[121]. The latter study was based on mechanics and computer methods that had been previously
developed and documented in [122,123].

4.2. Practical Applications

Ivan Loukanov’s devices: Before his retirement he was a professor of mechanical engineering
at the University of Botswana (South Africa) and Sofia (Bulgaria). Although he worked
independently, the knowledge of the Russian language assisted him to criticize and improve the
design solutions he dealt with, as reflected by the references cited in his papers. In brief, he has
designed and get manufactured many inertial propulsion devices, initially for agricultural
applications. Later, he studied mobile wheeled robots intended for inspections and observations of
air ducts or any other restricted environments where human do not have a direct access (e.g.,
dangerous military, chemical or radiation sites, such as nuclear power stations, chemical reactors
etc.). In the last works the vibration-driven robot consists of a shaker and a chassis. The latter is
mounted on wheels furnished with one-way clutch bearings build into the wheels hubs thus only
forward motion of the chassis is allowed. Through a DC motor the robot is propelled by the resonance
vibrations created by the shaker’s rotating masses, which generate propulsive impulses transmitted
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to the chassis. Typical devices are shown in Figure 11. The interested reader may also consult [124—
127] and papers therein.

Figure 11. Devices based on professor Loukanov’s activity (inertial pumps and inertial driven vehicle)
(from [124-127]).

4.3. Other Patents and Broadcasts

Since the period of “Dean drive”, a lot of somehow relevant patents have appeared (see, Hoshino
[82], Cook [128], Thornson [129], Foster [130], Robertson [131], Chung [132], Tanner [133], Farral [134],
among others) and have attracted the interest of technicians and scientists, mostly in the United States
of America (USA), perhaps because this attempt is also encouraged by established scholars such as
[135,136].

Furthermore, it has also even occupied educational television programs such as the German
Chanel 2 (Zweiter Deutsche Fernsehen: ZDF), in which the Austrian mechanical engineer Johann
Klimpfinger has participated on February 26, 2012, in a 30 minutes-documentary on oscillating
devices and applications such as toys [137].

In Austria, there are relevant publications (e.g., Hilscher [138]) and YouTube videos such as
(Gyro Precession Drive) [139].

In the United Kingdom the influence of Eric Laithwaite is still alive. The author has been recently
informed that William Stoney, owner of the “Thermo Inertial Research” company, with background
aircraft prototyping and business jet flying, has met Eric Laithwaite and Bill Dawson in the late 1990s
and have kept up an ongoing discussion with Bill Dawson who kindly gave him most of their
experimental gyroscopes including the 14 kg gyro that featured in the BBC documentary. Since then,
he has done many thousands of hours testing different configurations and measuring them.
Currently he has filled a relevant patent [140] in which an existing prototype is described.
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But the most difficult-to-review information is coming from Russia, where (because of the
language) it is not at all easy to distinguish science from pseudo-science. On this issue the author tries
to remain neutral. For the sake of completeness, we will not avoid the temptation to expand the
review a little beyond the narrow margins of inertial propulsion, but in no case can we fully cover
the subject. As was mentioned in the beginning, the Russian academicians used inertial propulsion
for practical reasons such as motion of heavy objects by vibrational techniques [7-10]. Nevertheless,
they denied the capability of Dean’s drive to be useful for space applications [33]. They did the same
with their compatriot Vladimir Tolchin who introduced the term “inertiod” [39].

As previously said, due to the Russian language, it is not an easy task to overview the topicin a
complete way, but it seems that tens of unexplainable microscopic and macroscopic effects in natural
sciences and especially in physics and biology have been revealed and investigated. It should be
emphasized that a large part of these phenomena was demonstrated by objects having spin or angular
momentum. Probably the first researcher who experimentally detected the unusual effects associated
with torsion was professor Myshkin of the Russian physical-chemical society [141], who at the end
of the nineteenth century conducted a series of experiments using scales. These experiments were
successfully repeated in the 1960s by professor N.A.Kozyrev [142,143] and V.V.Nasonov and later by
V.S.Belyaev, S.P.Mikhailov, A.G.Parkhomov and others. For more details, the interested reader can
consult an Internet website [144], while an opposing reference for the more recent activities of this
“School” is [145]. Recent out-of-stream works are (Linevich and Ezshov [146], Kouznetsov [147], as
well as Ventura & Shipov [148] among others).

According to the Russian NTV correspondent Vladislav Sorokin [149], in April 2, 2006, members
of the ‘Suburban Institute of Space Systems’ invented the engine called ‘gravitsapu («rpasunary»)’,
which, according to the creators, can accelerate to infinity; their final wish is to send it into space.
However, the Russian Academy of Sciences did not recognize the theory underlying the creation of
this invention. Later, in 2009, details were reported by the newpaper “Pravda” [150]. For more
relevant information the interested reader can consult Internet resources such as [151,152].

In China, the use of shaking masses has been explored for sure in terrestrial applications (Zhao
et al. [153-155]), while publications refer to novel electromagnetic drives as well [156].

5. A Critical Note on the Involved Mechanics in Inertial Drives

According to the Newtons Second Law in mechanics, the sum of the external forces to a system
of masses (concentrated or not) equals to the total mass times the acceleration of the center of mass.
The proof of this law is based on (i) the separate use of Newton’s second law on each mass of the
system and (ii) on the assumption of Newtons Third Law (action = reaction). The reader may refer to
Halliday [157] (pp. 59-61) as well as to Casey [158,159].

Despite the above established laws, there are many who believe that these laws are not always
applicable, especially when the component bodies are rotating. This is mostly supported by
experiences coming from the mechanical behaviour of the gyroscope [4,41-43,48,56,160,161]. The
purpose of this paper is not to deal with this issue, which may be performed in the context of a journal
of physics such as [162]. Nevertheless, we reduce to a particular issue for which there are many
records in Internet and has kept busy a few of researchers. For example, based on a record from the
book of Gutsche [163] p. 109, regarding measurements on a three-bar mechanism (a similar analogue
is also described in [164]), an investigator (with background in mathematics) has calculated a
nonvanishing impulse thus he concludes that net thrust is produced [165]. And since it is very
difficult for me to convince someone in his ‘terrain of thinking’, in the present paper I slightly change
the terms of discussion dealing with another, much easier topic to be understood by the medium
reader.

We start with the well-known mathematical physics aiming at deriving the d’Alembert
(fictitious inertial) force toward the vertical y-direction. At the initial time t = 0, the radius
associated to the mass m is assumed to be at the horizontal position (6 = 0) and then rotates in the
counterclockwise direction. Therefore, the y-coordinate of the imbalance with respect to its center of
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rotation at rest is given by y = rsin@ where 6 is the polar angle, whence we obtain that the second
derivative with respect to the time is

y = récos® — r6?sind (2)

Therefore, the component of the inertial force in the vertical y-direction will be:
F, = —-mj = —m(rficosf — r6%sinf) (3a)

Then, considering the gravitational force the total force in the y-direction will be given by

(Fy)TOTAL = F, —mg = —mj = —m(rfcosf — r6%sinb + g) (3b)

Newton's second law is written as:

_ar
( 3’) TOTAL dty

4)

By integrating Eq. (4) in time t, we obtain a formula for the vertical component P, of the linear
momentum:

P,(t) = Pyo + [, [F,(®)] (5)

TOTAL
Note that the integral in Eq. (5) is the so-called ‘impulse’.
I. Constant angular velocity
First, we start with the trivial case of a constant angular velocity w = § & df/dt = w,, and a
constant radius 7 (the track is an ideal circle). Obviously, then it will be § = 0 and the angular
velocity is associated to a constant period T soas w = 2m/T. Below we shall see that the time integral
of the vertical force component F, = —iny (i.e., not including the term -mg) is equal and opposite
in the upper and lower halves of the circle on which the imbalance m moves.
In more detail, in the first quadrant (upper right) the impulse (i.e., the integral of the force over
time) will be:
T/4 T/4 T/4
L = f F, dt = —mrj (fcosd — §%sing) dt = mrwzf (sinwt) dt
0 0
(wT=2m) , [M]TM
w lo

2 —mrw =mro (6a)

Similarly, in the second quadrant (upper left) the impulse will be:

T/2 _ _ 2 [cos(wt) T/2 _
I, = fT/4 F, dt = mrw? T/4 (smwt) dt = —mrw [—]TM = mrw, (6b)
Similarly, in the third quadrant (lower left) the impulse will be:
_ 3T/4 _ _ cos(wt) 3T/4 _
I; = fr/z E, dt = mrow? T/2 (smwt) dt = —mrw [ ]T/Z = -mrow, (6¢)
Finally, in the fourth quadrant (lower right) the impulse will be:
T
I, = f3T/4 3, dt = mrw? 3TT/4(sinwt) dt = — [Cosi—wt)LTM = —mro. (6d)

The results are illustrated in Figure 12, where one may observe equal positive impulses in the
two top quadrants and negative ones in the two bottom ones. Therefore, the total upward impulse is
equal and opposite of the downward one. In simple words, “the net impulse is zero” thus the so-called
thrust vanishes. The latter implies the conservation of linear momentum P,(t) in the y-direction

(see, Eq.(5)).
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Figure 12. Incremental impulse in the four quadrants (constant angular velocity).

At this point the reader may understand why most inventors try to make the integral I =
) Ot F,(t)dt in Eq. (5) be different than zero after a whole revolution of the imbalances. To achieve this,
they say that we need either a variation of the radius r (e.g. to be different in the lower part of the
track, as for example in Figure 7 referring to Hoshino [82]) or to modify the angular velocity w thus
offering greater values in the upper part of the track, if possible.

Below we study a particular case in which the impulse per revolution (period) is non-zero.
Instead of developing an exotic setup as those exposed in the various patents, we merely assume a
constant radius r, while the angular velocity w increases linearly in terms of time as

w = at, (7

where a is a constant, and t is the time. If we assume that at the initial time t = 0 the rods are
horizontal thus 6, = 6(0) = 0, the polar angle 6(t) will be given by

0(t) = %atz, 8)

thus the elapsed time can be expressed in terms of the travelled polar angle as

20
e= ©)
Here, a difficulty arises about the time interval [0,T] over which the integral of the impulse I =
fOT F,(t)dt will be performed. Since the only period is geometrically determined by the repeated
revolutions, a reasonable choice is to consider a full revolution, from 6=0 to 6 = 2. In the general
case, the impulse between the initial 8; and the final position 6, includes both terms (centripetal
and tangential terms) and after the substitution dt = df/w it takes the final form:

I=mr f;f (wsin@ - %cose) dae, (10)

Again, it is repeated that the gravitational acceleration has not been considered.
After the substitution of Egs. (7) to (9) into (10), the latter becomes:

I =mrva f:if (\/2_9 sinf — \/% cosG) dae, (11)

Using the latest version of the Wolfram/Alpha (MATHEMATICA®) software, the analytical
expression of the integral in Eq. (11) is very complicated as it includes the incomplete gamma function
I'(a, x). Nevertheless, for specific limits the numerical value of this integral is available. In conclusion,
for the first revolution of 360 degrees starting from the horizontal direction, the incremental impulse
is given in Figure 13.
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From 0 to 360 degrees From 360 to 720 degrees
I I
I I

2.50663 +4.34161 | +3.54491

—2.50663 ! —3.54491 —4.34161 ! -5.01326

Figure 13. Incremental impulse in the four quadrants (linearly increasing angular velocity), times the
factor mrva.

One may observe that for every 360 degrees the total impulse is different than zero and
particularly it is negative because the bottom values are higher than those of the top values.
Obviously, if we change the direction of rotation the signs are reversed.

Another remark is that if we start measuring the polar angle from a different position of the
connecting rods, for example from the vertical position (# = m/2), combining both graphs of Figure
13 it is easy to see that the total impulse per 180 degrees vanishes. This is due to Eq. (4) according to
which the change of linear momentum in the y-direction between 6 and 6 +m equals to the
impulse. In more detail, since at the ends of the polar angle intervals [-n/2,n/2] and [n/2,3m/2]
the vertical velocity components vanish (because the velocity vector is in the horizontal direction) the
change of the linear momentumis 4P, = 0 — 0 = 0,0. In other words, whatever the shape of the curve
(circular or not) and whatever the function of the angular velocity w(t) is, the passing through the
upper and the lowest points, where the velocity components are horizontal, dictates the zeroing of
the change of the linear momentum thus the zeroing of the impulse between any two halves per 180
degrees.

6. Discussion

In his paper against the claim of Dean drive, Professor Stepanov [33] begins his introduction as
follows: “In 1907, the famous Russian scientist V.L. Rirpichev, speaking about people who spent their
energy on creating perpetual motion machines, indicated that “. . . and now every professor of mechanics
constantly has to deal with the inventors of such chimeras. From my personal experience, I must say that these
are almost always respectable persons, conscientiously devoted to the idea, but carried away by it so much that
they are absolutely deaf to the arguments of reason. They are not affected, not only by verbal, logical proofs, but
even by such strong proofs, which the products of their ingenuity present to them with their complete inertia”.
...Here we are already dealing with material that is interesting not for mechanics, but for
psychology”.

The counterargument to the above concept is that we should perhaps “let all the birds sing”
(metaphorically), because in such a difficult technical issue the final solution (if indeed there is one)
will perhaps be given by some unconventional researcher, as for example the Wright brothers were
(December 17, 1903) while everyone in USA expected that it would be given by the renowned late
Professor Langley. At some point in their lives, when insurmountable obstacles are met, many people
go through states of inner searching and transcendence [166,167] with the final purpose to draw
strength from within themselves.

In the previous sections of the present paper, it was shown that since the third decade of the
twentieth century a lot of scientists and practitioners all-over the world conceived the concept of the
inertial propulsion and most of them believed that they discovered a propulsive means without
reaction. Since the most experimental prototypes concerned with terrestrial devices, the apparent
explanation for their propulsive capability was attributed to the friction of the ground, similarly to
the friction induced when a person walks.
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It was made clear that within the context of Newtonian mechanics it is not possible that a vehicle
can perform unlimited motion by virtue of an inertial drive. In brief, the inertial drive offers an initial
velocity at the center of mass of the mechanical system “vehicle + drive” thus it acts as a catapult.
This initial velocity is based on the fix support of the vehicle which assists the development of a large
support (reaction) force, as exactly happens when a spring-mass system is highly compressed on the
ground (without being glued on it). In either case when the center of mass reaches its upper position,
we need again the assistance of a support to resist the reaction force, and so on. This event is like the
motion of a monkey on a tree, which jumps higher and higher, caught by the branches that are at
different heights on a tree.

To make a breakthrough in alternative propulsion it is necessary to find a case in which the
physical laws break. For example, the Newton’s third law states that action equals reaction but this
is not always exact. For example, when two charged particles move along two skew straight lines
(not intersected and non-parallel), the electromagnetic (Lorentz) force are equal in magnitude but
vertical in orientation thus we talk about “weak formulation” of Newton’s third law [168]. Although
this mismatch gives advantage to electromagnetics (in addition to the fact that the operating
frequencies are much higher than those of the mechanical parts), the comparative study [89] revealed
null net thrust.

The imagination of many researchers and inventors has been fired by strange phenomena such
as the ‘magical’ support of an aluminum triangle in the air; such a case has been fully attributed to
the existence of ionized air [169,170]. Other peculiar phenomena such as the Indian rope trick (where
a rope rise is caused by sounds) have been analyzed by eminent scientists [171-173]. Also, the
unexpected behaviour of Laithwaite’s experiment has been analyzed experimentally [174,175] and
theoretically [67,68] as well. Closely related is the work by Sheheitli [176,177].

For a thorough description of gravity-controlled (‘antigravity’) systems the reader is addressed
to [178,179], among others.

As also happened with the Michelson-Morley experiment that positively supported the General
Theory of Relativity (GTR), the analogous testbed to justify whether the eternal laws of Nature can
be (or have been) bypassed (or broken) is the “gyroscope” [180]. There are many scientists who claim
that have discovered an issue on the gyroscope which contrasts with Newton’s laws [181,182].

Regarding the peculiar and controversial behaviour of the gyroscope, it was also shown that the
easiness of the experimenter to rise it is because the axle of the spinning wheel performs precession
thus the hand operates as an articulation (pin) and not as a fixed point (clamp). The latter allows for
a normal force distribution of the forces in the bicepts and tricepts muscles otherwise the torque at a
supposed stiff articulation would lead to unsufferable loads [67]. The topic has been discussed in
[183,184] but we believe that the physical units have caused confusion. A re-examination of the
rotation frequency for the hands of the experimenter shows that the unit of ‘minutes’ (min) had been
confused with the units of ‘seconds’ (s) and therefore it had been understood that the pivot was
rotated at a quite different frequency than what the axle of the gyroscope does. It is worthy to add
that while the gyroscope may be easily risen it is very difficult to stop it when falling at the second
half of a period thus a null resultant occurs. As previously mentioned, experimental studies on the
rise and fall of a gyroscope in Laithwaite’s experiment are [174,175].

Regarding the supposed inertial propulsion in satellites mentioned in [115], it is true that the
change of the position of the gyroscopes plays a significant role in the orientation thus attitude control
may be performed without additional small rockets, as shown in Appendix B. Nevertheless, this is
quite different than saying that a net thrust may be produced, and the latter needs additional
explanation, in general.

Therefore, when the vehicle is on the ground, by consuming energy it is possible to accelerate
the connecting rods of the inertial device that to produce linear momentum. The associated
instantaneous change of linear momentum over time equals to the reaction force, from the ground to
the vehicle. This means that in the relevant oscillation of the supporting force, if the amplitude
happens to be sufficiently large the vehicle may perform a jump of which the maximum travelled
distance depends on the initial velocity of the center of mass. Having said this it is crucial to
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understand that at the end of this cycle (from the ground to the upper position) there is no ground to
resist, thus the supporting force cannot be exerted for a second time. The latter is the most critical
issue that should be understood. Of course, if someone invents a viable way to offer support to allow
the development of the supporting (reaction) forces, then everything will be correct.

To continue the discussion, there is no apparent way to exert a reaction force to an object in
vacuum. In general, a sort of external means is required. For example, it has been written that the
release of air from a balloon could assist [100] but then we use the action-reaction principle like the
shoot of a gun. There are two ways to take energy and perform the difficult job. The first is to harvest
energy from the air somehow, and he second is to receive energy from the cosmic environment
(cosmic radiation, ionized air, magnetic energy, etc). In other words, whatever one may invent, the
motion of the center of mass requires an external force (Newton’s Second Law).

Having said this, it possible to apply the principle of the inertial forces in the water. Therefore,
when the floating or submerged object reaches the longest position where the center of mass obtains
a zero velocity, the surrounding water could probably somehow operate to offer an instantaneous
artificial fixation to be possible the rotating bars be almost vertical to the desired direction of motion
at the time of departure.

When the object is in the space the gravity is less or does not exist but again the initial velocity
for an object (say on the Mon’s surface) could be alternatively achieved using a catapult. But, again,
the principle of inertial propulsion could be implemented. For example, in a MSc thesis in Sweden
[185] and a PhD thesis at Cornell University [186] it has been proposed to use a gyroscopic drive of
cubic shape, so it can move on the surface of Mars [187-189], of course by exploiting the friction.

A similar inertial cube consisting of gyroscopes was also developed in Switzerland [190].

At this point the interested reader may attend a 16-minute video which covers a broad spectrum
of inertial propulsion [191], a gyroscopic precession powered car [192], and a cart powered by two
contra-rotating oscillating gyroscopes [193].

It is also worth mentioning that some inventors, for several reasons, do not insist to the
usefulness of inertial systems as propulsive systems but present them as educational toys [164] to
point out the peculiar properties of the gyroscopes. I still remember the experimental setup of my
professor in physics Evangelos Anastassakis [194] who was demonstrating, in his (auditorium)
lectures, a miniature gyroscope climbing an inclined plane.

In other words, although the direct use of the inertial propulsion cannot be used because, unlike
the internal combustion engine (ICE), in every period the impulse of inertial forces vanishes, we may
take advantage of the surrounding environment either in the form of the friction or a more exotic
manner which is open for further research.

During the last years the focus of the research returns to gyroscopes [195-198] or to asymmetric
fields [199], while an out-of-stream book is [200].

All the above discussion was restricted in the framework of Newtonian mechanics. If for a while
we leave the engines and focus on the space, at least during the last 50 years it is well known that
there is a discrepancy between observed galaxies rotation curves and the prediction using the known
laws of orbital kinematics. Here, it is not the proper place to discuss about Modified Newtonian
Dynamics (MoND) valid for galaxies but we restrict to mention the work by Dr. Mike McCulloch, a
lecturer in geometics at Plymouth University (U.K.). McCulloch has developed a theory of Quantized
Inertia (QI) [201], formerly known with the acronym MiHsC [202], which explains the effect and how
it could help with human space travel [202]. This theory has been used to explain the weight loss
which has been reported in the famous Podkletnov’s experiments of rotating superconductive
materials [203].

As previously mentioned, there are more than twenty physical principles on which
breakthrough propulsion (such as electric propulsion [204], inertia modification, space drive: sails
and fields, negative matter propulsion, electromagnetic techniques, mechanical techniques,
spacetime modification/gravity control, quantum approaches to gravity control, brute fast, spacetime
modification for faster-than-light, quantum nonlocality for faster-than-light information, quantum
vacuum energy conversion, novel nuclear processes, etc) might be possible [80,81]. One of them is
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based to General Relativity according to which when a mass is closed to a rapidly rotating ring, not
only a centripetal but also an axial force is induced [205,206]. On the same direction there are some
newer thoughts on the frame-dragging effect by Tajmar [207] which were later extended by Millis
[208]. But the most striking publication is probably that describing the theory by Wisdom [209]
according to which “...Therefore, it is indeed possible to swim in spacetime. Translation in space can be
accomplished merely by cyclic changes in shape, without thrust or external forces. The curvature of spacetime
is very slight, so the ability to swim in spacetime is unlikely to lead to new propulsion devices. For a meter-
sized object performing meter-sized deformations at the surface of the Earth, the displacement is of order 10-%
m. Nevertheless, the effect is interesting as a matter of principle. You cannot lift yourself by pulling on your
bootstraps, but you can lift yourself by kicking your heels.”.

The above claim gives much hope to inventors who can still dream. For example, one could
claim that if the eight-shaped motion of the contra-rotating masses (or circulating fluid) such as those
in the setup described in [87,112] is combined with a revolution of the whole system under the prism
of GRT [206], small axial forces could be developed, as has been explained by Forward [205]. Who
could a-priori deny that the frame-dragging effect in conjunction with a resonance between these two
rotations is abandoned to offer promising results to interstellar space propulsion?

7. Conclusions

This paper is a critical review of many human attempts to create thrust by consuming energy
but without expelling material from a vehicle, merely by rotating masses. It was clearly shown that
while the shoot of an apparently stationary object is possible without using a catapult, the repetition
of the same cycle is impossible unless an external force is somehow exerted from the environment to
the mechanical system. For a better performance, this has to be done near the end of the motion cycle.
This happens because whatever the setup is, the curve on which the rotating masses move will
continuously have extrema (or saddle) points at which the vertical velocity components vanish.
Therefore, the temporal integral of the inertial forces (i.e., the impulse) per cycle between these two
saddle points vanishes, and hence it is not possible to create net thrust within every such period (from
peak-to-peak point). This exactly is what we call conservation of linear momentum. It was also shown
that for a satellite where only the angular (not the linear) momentum is preserved, the motion of the
rotating masses causes small displacements of the satellite and no displacement for the system’s
center of mass which continues ideally to move on a circle of constant radius. In contrast, it is possible
to use inertial masses and gyroscopes to change the orientation of the satellite thus avoiding the use
of small-scale liquid rockets, a fact which is well known as attitude control. Having said this, it should
eventually become clear that (within the context of Newtonian mechanics) the replacement of the
thrust of small-scale rockets by inertial propulsion, does not mean that that the moving masses
produce net thrust. This happens because the center of mass does not move unless an external force
is applied to it.

Appendix A. Contra-Rotating Wipers

Let us consider two contra-rotating masses at the ends of rigid rods of length r, which are
moving like car wipers (see, Figure Al). This means that the masses start from the horizontal position
(A1 and B2) at a zero velocity and after a rotation of 180 degrees take again the horizontal position (A:
and B1) at zero velocity. Obviously, the period consists of two half-rotations for each mass (see, Figure
A1l). Even though each mass moves only above the center of the associated circle, the time integral of
the vertical inertial component F, (i.e., the impulse I,) vanishes in each half period (rotation by 180
degrees), because the change of the linear momentum (at Ai-Az and Bi-B2) is zero, as a difference of
zero values at the ends.
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Figure Al. Motion of two contra-rotating masses in the upper plane (from Ai-to-A2 and at the same
time from Bz-to-Bi, and vice versa).

Appendix B. Radial Displacement of a Satellite

Let us consider a satellite of mass m; which is in orbit around the Earth at height h, thus moving
on an (assumed) ideal circle of radius R = Rg + h with Ry denoting the Earth’s radius. It is well
known that the measure v; of the velocity of the satellite (a vector tangent to the assumed circular
orbit) is given by:

w= (%) B-1)

where G is the gravitational constant, and M is Earth’s mass.

Let us now assume that, by consuming an amount of energy, a mechanical component such as
a dual gyroscope changes it orientation thus moves radially by distance L (or, for example, an
astronaut of the satellite raises his two contra-rotating arms-forearms-hands by length L, which is
very close to the setup shown in [193] in the horizontal direction though). Then we wish to determine
the new position h’ of the center of mass of the satellite, measured from Earth’s surface.

The conservation of the angular momentum with respect to the Earth’s center implies:

msvs(RE +h) = msv’s(RE + h"),
hence
US(RE + h) = VIS(RE + h,), (B-Z)

Substituting (B-1) into (B-2), one time for the radius R = R + h and another time for R’ = Ry +
h', we eventually obtain:

h=", (B-3)

Equation (B-3) shows that the center of mass of the satellite along the radius of the circular orbit
will always remain at the same height h above Earth’s surface.
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