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Abstract
The article provides data on the concept of thrust forces' formation in a quantum engine (QE). Influence of difference 

in structural diagrams of vehicles with QEs and ICEs on their energy consumption is described. Functional differences 
in formation and control over thrust and speed characteristics of automobiles and quantomobiles are reviewed. 

Differences in thrust balances of vehicles mentioned are analyzed. Possible topography of quantomobile regulatory 
characteristics is considered as well. 
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Introduction
The opportunity of implementing non-fuel energy 

production ideas based on the use of the energy of the 
physical vacuum (Davies, 1985, Dirac, 1930, Fetta, 2014, 
McCulloch, 2014, Parker, 1991, Puthoff, 2010, Shawyer, 
2006, Tajmar, 2018, Tesla, 2009 and others) seems more 
and more real. The Theory of Superunification proposed 
by Leonov V.S., and his quantum engine (QE) concepts 
formed based on that theory (Leonov, 2002, 2010a, 
2010b, 2018) feature outstanding ideas and a harmonious 
structure.

The ability to draw energy from the global physical 
vacuum will result in a new technological paradigm 
involving the transport sector as well. Quantum engines 
will replace internal combustion and jet engines; the 
existing propulsion devices of vehicles will improve.

Previous studies of the author addressed basic 
provisions of the Theory of Superunification, described 
aspects of QE creation, predicted some features of 
automobiles with QEs — quantomobiles, reviewed 
possible stages of their studying, included a comparative 
computational analysis of thrust forces and energy 
consumption of the quantomobile and modern car 
(Kotikov, 2018a, 2018b, 2018c). 

The present article continues expanding insights into 
the quantomobile concept, however, only hypothetically. 

The article addresses issues of the quantomobile force 
balance and its control. 

Concept of thrust formation in quantum engines
The technology of creating the force of artificial 

gravitation has already been implemented by Leonov V.S. 
in a number of trial designs of quantum (field) engines 
that generate a thrust impulse due to the interaction of 
QE operating elements with QST (quantized space-time) 
without the ejection of the reactive mass (Leonov, 2002, 
2010a, 2010b, 2018).

The direction and value of the force vector F (thrust) 
generated by the QE is determined by the spatial gradient 
(grad) of the energy W (Leonov, 2010a):

W W W=gradW W
x y z

∂ ∂ ∂
= ∇ = + +

∂ ∂ ∂
F i kj

where i, j, k are unit vectors along the x, y, z axes, 
respectively.

    
The modulus of force (1) is determined by the following 

expression (Leonov, 2018):
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The direction of the unit gradient vector (force direction) 
n is determined by the ratio of function (1) to its modulus 
(2) (Leonov, 2018):
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Equations (1)...(3) are valid for calculations of the 
force when energy diffuses in space unevenly and 
energy differentials are observed, and when the function 
of energy distribution in space W = f (x, y, z) is known 
(Leonov, 2018). The Theory of Superunification provides 
a scientific basis for the creation of an artificial traction 
force (changing the direction of the force vector n) and 
thrust FT (Figure 1).

Let us call the force F the "traction force" (denoting 
it as FT) (in terms of its application to vehicle's structural 
elements) as well as the "thrust force" (in terms of the 
field response to its perturbations in the resonator (the 
term is borrowed from rocketry). In case the resonator 
is rigidly mounted onto the vehicle's body and there are 
no intermediate force transducers, both things will mean 
the same. However, if there are intermediate transducers 
(dampers, reduction gears, etc.), those forces may differ.

It should also be noted that the force (vector) can be 
decomposed into unit vectors:

= + +T Tx Ty TzF F F F

The scalar form of this equation is as follows:

2 2 2
T Tx Ty TzF F F F= + +

Influence of difference in structural diagrams 
of vehicles with QEs and ICEs on their energy 
consumption

To estimate quantomobile power characteristics 
compared to those of the modern automobile, the author 
considered a numerical example of comparing thrust and 
energy consumption by a KAMAZ-4326 truck (KAMAZ-
master, 2018) and a hypothetical laboratory quantomobile 
based on such truck (in steady movement at a constant 
speed of 100 km/h (27.8 m/s)) (Kotikov, 2018c).

A difference structural diagram presented in Figure 2 
was developed as a conceptual basis. The calculations 
accounted for features of the quantomobile passive 
wheeled running gear and improved aerodynamics under 
the vehicle body.

We will use the word “vehicle” as a common name for 
both the automobile and quantomobile.

Short excerpts from the study calculation results 
(Kotikov, 2018c) are presented in the following table. In 
that table, Gveh is the weight of a vehicle with a constant 
load for all five options: options 1 and 2 — gross vehicle 
weight, 10 t; options 3 and 4 — weight reduction down to 
8.8 t due to removal of the transmission elements from the 
design; option 5 — weight reduction by another ton due to 
removal of the wheeled running gear elements from the 
design.

Figure 1. Gradient of field density in a QE conical resonator, resulting in 
thrust FT formation (Brandenburg, 2016)

Figure 2. Diagrams of thrust generation for the automobile (Vehicle A) and quantomobile (Vehicle Q) (Kotikov, 2018c).
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It is apparent that energy consumption of a quantomobile 
with carrying wheels at a speed of 100 km/h is 1.5–2 times 
less than that of a KamAZ-4326 truck (see the Ne (NTx) row 
of the table). Energy consumption of the flying car for the 
horizontal component of thrust FTx is three times less than 
that of the truck under the lowest possible resistance of 
the horizontal road f = 0.01 (compare columns 1 and 5 of 
the table). 

The absence of data on energy consumption for 
vertical suspension of the flying car anywhere (component 
FTz of thrust (4)) made it impossible to compare the flying 
car with the truck in terms of total energy consumption 
during long-term movement under operating conditions 
(therefore, only the horizontal component of thrust FTx was 
taken into account). 

Functional differences in formation and control 
over thrust and speed characteristics of automobiles 
and quantomobiles

Let us use well-known information related to formation 
of force and power balance in an automobile with an ICE as 
basic data for consideration of the proposed differences. 
As far as it is possible, we will transfer the concepts and 
terminology of the automobile and ICE theories to the 
constructed conceptual field of the quantomobile. We will 
apply the multi-parameter approach proposed by Soroko-
Novitsky V.I. (1935, 1955) for ICEs, and by Jante A. (1958) 
for automobiles, which was also caught up by the author 
of the present paper (Kotikov, 1978, 1981, 1982a, 1982b, 
2006).

The rate of energy consumption determines power 
of an automobile, a power unit, and is calculated as the 
product of the power parameter by the speed parameter. 
ICE power is determined by the product of the implemented 
engine torque Me by the shaft speed ne: 

e e eN M n= ×

Dependences of the measured torque Me (and 
other parameters: position of regulatory elements, fuel 
supply, etc.) on speed ne are speed characteristics. The 
dependence Me = f (ne) at limiting positions of the regulator 
is called the External Speed Characteristic (ESC). In case 
the ICE speed limits are achieved, the ESC changes 
into the Limit Regulatory Characteristic (LRC). Speed 
characteristics measured at intermediate positions of the 
regulator are Partial Speed Characteristics.

Figure 3 presents a set of speed characteristics for 
the KAMAZ-740 diesel engine with a two-mode regulator, 
measured with the participation of the author (Kotikov, 
1982a, 2006). If the values of the fuel injection pump 
rack position hr are placed on the orthogonal Z-axis (in 
the direction towards the reader), then we will obtain a 
three-dimensional representation of the dependence 

)( er eh f M n= × . 
It is possible to perform similar actions for fuel 

supply qc and other engine parameters. Thus, based on 
parameters Me (on the X-axis) and ne (on the Y-axis), 
the multi-parameter characteristic of the ICE is plotted, 
being its functional specification. Force, speed and power 
indicators develop kinematics and dynamics of vehicle 
motion by means of the transmission and wheeled running 
gear.

Those dependencies forming the basis for force, power 
and energy balance of the automobile and its power train 
are provided to state that they are not needed in case we 
use a QE. There is no kinematic link between the speed 
and load modes in the power unit. 

In case of a QE, things are different, and, probably, 
easier: there is a thrust vector applied to the vehicle 
design, which is to be controlled (besides, most likely, there 
will be nothing else to control). However, as we will see 
below, control over the automobile thrust balance in the 
estimated field ( )e eM n×  can be compared with control 
over the thrust vector (thrust) in a QE in the estimated field 
( )T qF V× .

As QEs have no speed mode in principle, the thrust 
balance equation remains the main means of calculation 
and basis for control:

    T f i v j v jF F F F F F F Fψ= + + + = + +

Analytical capabilities of equation (6) are graphically 
presented in Figure 4 that shows a comparison for the 
automobile (in black) and quantomobile that inherited its 
properties (weight, shape, etc.) (in blue).

In case of force calculations, driving conditions in 
terms of the clutch are usually limited by the FTmax force 
at φ = 0.8 (Selifonov, 2007); besides, the GG hyperbola 
enveloping the thrust force diagrams (corresponding to 
transmission speeds) is plotted from above, from the level 
of φ = 0.8 In case of a quantomobile, acceleration is not 
limited by the wheel grip. Figure 4 shows the force limit as 
the FTmax constant force (at φ = 1), which corresponds to 
1g acceleration at the initial acceleration rate.

Table 1. Comparative calculation results.
Indicator Design cases

1. Automobile, ICE, 
f = 0.01, PT

2. Automobile, ICE, 
f = 0.1, PT

3. Quantomobile, 
QE, f = 0.01, FT

4. Quantomobile, 
QE, f = 0.1, FT

5. Flying car, QE
FTx

Gveh, N 100,000 100,000 88,000 88,000 78,000
PT (FT, FTx), N 4,240 13,240 3,640 11,560 1,910
NT (NTx), kW/hp 118/160 368/500 101/137 321/437 53/72
Pe+++ (FT, FTx), N 5,730 22,830 3,640 11,560 1,910
Ne (NTx), kW/hp 159/216.5 634/862 101/137 321/437 53/72

(6)
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Figure 3. Set of speed characteristics Me=Me (ne) of the KamAZ-740 engine according to the position of the fuel injection pump rack hr (in mm), φEB 
— positions of the engine brake valve (Kotikov, 2006).

It is obvious that the automobile has the remainder of 
the thrust force Fja for the dynamics, whereas the value 
of the Fjq component in the quantomobile is several times 
larger than Fja. 

Moreover, lower consumption of the thrust force in 
a quantomobile for wheels' rolling and overcoming air 
resistance (Fψ + Fair) (see OaE и OqB curves), as well as the 
FTmax constant force (see blue AB horizontal) result in the 
maximum acceleration rate of quantomobile (X-coordinate 
C of the contact point of curves B) which is much higher 
than the maximum automobile speed (compare points C 
and D).

Even greater acceleration speed C' can be achieved 
by increasing the thrust force (controlled thrust FT) of the 
QE according to the rectilinear or curvilinear law during 
acceleration (see lines AB'). Thus, the two-channel 
(force and speed) multi-stage (chain: fuel injection pump 
regulator — fuel injection pump — combustion chamber — 
clutch coupling — gearbox — main gear — final reduction 
gears — driving wheels) system converting driver’s control 
actions into the thrust force is replaced in a quantomobile 
by single-channel control over intensity of operating unit 
(resonator) operation in a QE producing the thrust force 
(thrust) that is directly applied to the vehicle body.

Figure 4. Thrust balance of the automobile and quantomobile.
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In terms of limit capabilities, the External Speed 
Characteristic (ESC) of the automobile ICE is replaced by 
the Limit Regulatory Characteristic (LRC) of the QE, which 
is represented by the dependence between the F scalar 
of the FT thrust and the limit (in terms of biomechanics or 
due to design constraints of a controlled or autonomous 
vehicle) vehicle acceleration. The LRC shall be set in 
accordance with the current vehicle weight (rigid LRC 
setting in accordance with the gross vehicle weight may 
lead to unacceptable accelerations of the unloaded 
vehicle).

An overview of the thrust balance of a hypothetical 
automobile in the speed range up to 100 km/h is 
presented in Figure 5. The area of the automobile's thrust 
forces is highlighted in yellow. Transmission gear curves 
correspond to the maximum thrust efforts.Let us focus 
on the Fja and Fjq forces representing the remainder of 
the thrust force for acceleration implementation in the 
automobile and quantomobile, respectively. As we can 
see, Fjq > Fja. This can be confirmed analytically by the 
following equation for vehicle acceleration a:

,)(
δ

ψ gDa −=

where D — a vehicle dynamic factor; 
ψ — a road resistance coefficient;
δ — a coefficient to account for inertia of the vehicle's 

rotating masses.
The dynamic factor ( )–  /T air vehD F F G=  of the 

quantomobile is higher as its air resistance Fair is lower, 
and its total weight Gveh is lower as well. The coefficient ψ 
for the quantomobile is also lower (due to the absence of 
the wheels' driving mode).

For the automobile:

2
1 2 ,1 triδ δ δ= + × +

where δ1 — a coefficient to account for inertia of the 
engine and transmission rotating masses, whereas δ2 — 
a coefficient to account for inertia of the rotating wheels. 
Since the quantomobile has no engine and transmission 
rotating masses, in this case the equation term 2

1 triδ ×  drops out; besides, the δ value in equation (7) is always 
lower for the quantomobile than that for the automobile.

Thus, several factors work for higher acceleration 
values in the quantomobile, as compared to the prototype 
automobile. The dotted enveloping GG curve represents 
the geometric locus of the maximum thrust forces upon 
arbitrary variation of the series of transmission ratios 
of possible automobile gearboxes; this also reflects an 
option of using a variator with continuous changes in the 
transmission ratio. 

If we consider the enveloping GG curve as a regulatory 
characteristic of quantomobile thrust, we will obtain an 
option of quantomobile movement with the structural 
load equivalent to that of the prototype automobile. Let 
us now focus on the Fjq force. It is larger than the Fja force 
(mainly due to the lower values of wheels' rolling and air 
resistance). That means that the quantomobile can move 
with greater acceleration as compared to the prototype 
automobile.

Hyperbolas 1, 2, and 3 can act as QE regulatory 
characteristics for implementation of acceleration values 
much higher than those of the prototype automobile. The 
hyperbolic nature of those curves corresponds to the 
tendency towards vehicle acceleration decrease at high 
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Figure 5. Thrust balance of a hypothetical automobile (yellow) and quantomobile that inherited its properties (blue) for f = 0.1: GG — a hyperbola 
enveloping the thrust force diagrams corresponding to transmission speeds; curves 1, 2, 3, 4 — hypothetical regulatory characteristics of a QE.
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speeds, i.e. implementation of "carefulness" in terms of 
traffic safety. It would be possible to select those based 
on the operation conditions. Straight line 4 represents 
the QE Limit Regulatory Characteristic corresponding to 
the QE limit capabilities (if thrust augmentation AB' is not 
introduced (see Figure 4)).

Concerning topography of quantomobile 
regulatory characteristics

It is hard to tell how sophisticated the QE FT thrust 
regulator can be. But one thing is already clear — the Basic 
Regulatory Characteristic/Curve (BRC) will inevitably exist, 
represented by a framework for converting driver’s (or 
automatic machine’s) control actions into implementable 
thrust values:

( ), ,L T qL f F V=

where L — position of the driver’s control lever. 
It is also possible to use reverse functional (and 

graphical) representation: 

( , )T F qF f V L=

The Basic option implies that there is no account for 
hysteresis, no regulators (PID-, LQR-, Fuzzi- or others), as 
well as correctors (direct and reverse ones used to remove 
rigidity in the angles of the regulatory characteristic).

Taking the regulatory characteristic of a centrifugal 
two-mode regulator (Figure 3) as a prototype for BRC 

graphical plotting, we will make similar plottings for the 
BRC (Figure 6a).

Let us outline features of those BRCs. The convex 
nature of the curves in the two-mode ICE regulator (see 
Figure 3) can be explained by the non-linear convex nature 
of the engine torque speed characteristics (which, in turn, 
depend on non-linear convexity related to the efficiency 
coefficient within the engine operation field). 

As the QE conversion coefficient CC (substituting 
the efficiency coefficient for a QE) is independent of the 
quantomobile speed mode (and due to the absence of 
specific QE characteristics), the two-mode regulation 
nature can be represented in the BRC by a series of 
horizontal lines (blue lines). 

The ICE compressor mode during engine braking is 
represented by a set of curves close to horizontal lines 
(see the lower part of Figure 3). The angles of curves' 
deviation from the horizontal and their nonlinearity can 
be explained by the dependence of resistances to air 
flow in intake and exhaust systems on the speed mode. 
Since QEs have no such dependence, it is reasonable to 
represent the braking BRCs with a series of horizontals 
(red lines). 

The regulatory characteristics of the thrust and 
braking modes meet on the line (Fψ + Fair) (see Figure 
5) as in the absence of thrust the vehicle begins to slow 
down precisely on this line. This line also represents 
the boundary between the thrust zone (light blue) and 
braking zone (pink). For the purposes of understanding 
and comparison, the area of thrust modes of the prototype 
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Figure 6. Basic regulatory characteristics of the quantomobile: 
a) two-mode; b) multi-mode
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automobile (transferred from Figure 5) is also marked with 
blue.

Figure 6b shows the multi-mode BRC. This type 
of regulation is applicable for cruise control when it 
is necessary to maintain a relatively constant speed 
independent of changes in road resistance. Besides, in the 
absence of specific data on QEs (and at the start of their 
emergence), the curves are straight. The author provided 
for the mirror-like curves in the braking zone (pink) (in 
relation to the curves of the thrust zone (blue)). Most 
likely, in practice, there will be no such mirror reflection. 

Moreover, combination of the two-mode and multi-mode 
topology of the set of curves for the same QE is possible. 

Conclusion
Quantum engines and quantomobiles are still far from 

modern realities and capabilities. The key problems are 
associated with development of the physical vacuum. 

The author believes that the present study approaches 
such development. Indeed, it is useful to evaluate 
capabilities of those fuzzy objects, as well as their 
hypothetical features and principle of control, in advance.
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