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ABSTRACT

On November 15, 1928, American scientist Thomas Townsend Brown was granted a British patent for discovery of the
“Method and apparatus for producing force or motion by the use of electrodes”, according to which an electric asymmetric
capacitor can move towards the positive pole (the smaller electrode) and maintain this movement until it is discharged. Until
recently, there was no experimentally and theoretically grounded explanation of the Brown effect.

It is shown in this work that the Brown effect can be a result of the electric dipole interaction of virtual photons (spin vortices)
created by quantum objects of capacitors in physical vacuum, according to the hypothesis by Nobel Prize winner Richard
Feynman. As a result of this electric dipole interaction, a repulsive force can emerge between the opposite electrically charged
electrodes of a capacitor. As the electrodes of capacitors have different masses, they acquire different acceleration under the
action of the repulsive force. Thus, during the same time, the electrode with a smaller mass might move a longer distance.
The fact that electric dipole interaction includes the moment allowed Brown to obtain significant results in the creation of
electric motors by replacing the rectangular electrodes with disks capable to rotate.
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Introduction

On November 15, 1928, American scientist Thomas Townsend Brown was granted a British patent [1]
for discovery of the “Method and apparatus for producing force or motion by the use of electrodes”,
according to which an electric asymmetric capacitor can move towards the positive pole and maintain
this movement until it is discharged. Two diagrams of electric asymmetric capacitors are shown in Figure 1.
The diagrams differ in the mutual arrangement of the electrodes of capacitors.
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Fig. 1. The variants (a) and (b) of the “moving” electrodes of a capacitor
under the action of force.
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The Brown effect is characterized by the following experimentally observed features.

1) The force moving the electrodes acts also after turning off the power supply, and it works until the
capacitor is charged [1].

2). According to Brown’s patent Ne 3187206 1965 [2], the main condition of the occurrence of force
effects is the asymmetric form of electrodes of the capacitor.

3) The Brown force effect is directly proportional to the value of the voltage applied to the electrodes of
capacitors [3].

4) The Brown force effect is inversely proportional to the distance between the electrodes of capacitors
[3].

5) In addition to the moving force, the electrode may experience a torque. In his experiments, Brown
used disks instead of an ordinary capacitor with two charged electrodes. When charged, these disks began
to move in a circular path [4].

6) The Brown effect disappears in the Faraday cage shielded from the electric field of the Earth [4].

7) When the electrodes are located along a straight line perpendicular to the Earth’s surface, a change in

the weight of capacitor is observed: the weight is less if the “small” electrode is above and is greater if it
is below [1].

Until recently, there was no experimentally and theoretically grounded explanation of the Brown effect.
It is shown in this work that the Brown effect can be a result of the electric dipole interaction of virtual
photons (spin vortices) created in physical vacuum by quantum objects of capacitors. This work is based
on the experiments by S.J. Barnett on the additional magnetization of a rotating magnet [5] and on the
hypothesis by Nobel Prize winner R. Feynman about creating in physical vacuum of virtual photons (spin
vortices) by quantum objects that are features in electrical or magnetic fields [6]. Let us consider these
phenomena in detail.

1. The properties of physical vacuum

1) In quantum field theory [7, 8], a physical vacuum free from magnetic and electric fields (without regard
to gravitational energy) is defined not as an empty space but as the ground state of a field that consists of
some “quantum oscillators” with “zero-point energy” determined by oscillations of angular momentum

Sq0~ The existence in physical vacuum of quantum oscillators having angular momentum explains the

conservation of angular momentum in the Cherenkov effect [9]: radiation of photon (having spin) by a
quantum object moving with the speed of light while saving its own spin.

2) In physical vacuum with the above-considered properties, an effect similar to that of the S. J. Barnett effect
[5] can take place. In the Barnett effect, the rotation of magnet with the angular velocity €2 results in emerging

of precession frequency @, of electrons’ spins S, in the following way: o™ O, (see Figure 2).

Spin Sq of a quantum object may lead to analogous phenomena in physical vacuum consisting of
quantum oscillators with angular momenta (spins) sqo- They will precess with frequency Ogo ™ Sq ,

(see Figure 3).

Fig. 2. The characteristics of rotating
magnet in the Barnett effect. @, -
frequency of precession of electrons’ spins
Se. Q - angular velocity of rotating

magnet.
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Fig. 3 The -characteristics of physical
vacuum under the action of spin Sq of

quantum object. Oy is frequency of

precession of spins sqo of quantum

oscillators.

It follows from Figure 3 that area of physical vacuum with total spin S, = quo and with averaged

frequency ®,, ~ gy may be classified as a spin vortex and condition Sq ™ ®yp may be rewritten in

the form:

S, Mo,. (1)

As the spin vortex with precessing spin Sv possesses the properties of gyroscope, the following holds
[10]:

M, =m, xS, (2)
where MV is a moment causing spin precession.

The electric field of a quantum object acts on a spin vortex (as an electric dipole) produced by this object
and following it. Consequently, the orientation of the electric dipole moment of a spin vortex is
determined by the sign and direction of velocity u of the quantum object that creates the spin vortex.
Thus, with taking into account the equations (1) and (2) and Fig. 3, we have:

o, T 7, 3)

where

{ 1, forpositively charged quantum object @)
77 =

—1, for negatively charged quantum object
The electric polarization of physical vacuum in the electric field indicates the existence of electric
properties of quantum oscillators, in particular, it can be the electric dipole moment of a quantum
oscillator, dqo # 0. Consequently, a spin vortex has electric dipole moment d,, =qu0. Thus, it

follows from Eqs. (1)-(4) that electric dipole moment d,, of spin vortex is related to its spin S, as:
d, TS, (5)

Note. In this case, the results of the investigation by H. Li and others can be used [11]:” We report the
quantized superfluid vortex filaments induced by the axial flow effect”. Indeed, the superfluid medium
in the investigation by H. Li characterized by intrinsic angular momentum is similar to the physical
vacuum characterized by “zero-point energy”. Thus, it follows from the investigation by H. Li that the
motion (at velocity u) of a quantum object can be followed by “quantized superfluid vortex filaments”,
in particular, by spin vortex (virtual photon). One of the main properties of spin vortex is the precession
motion (with frequency ®,,) of its spin S,,. Consequently, the following relation exists: u~,,. This

relation is in accordance with Condition (3)-(4).

2. The properties of virtual photons

The properties of virtual photons in the hypothesis by Feynman [5] are similar to the properties of spin
vortices emerging in physical vacuum (discussed in Section 1). According to this hypothesis, quantum

objects that are features in electric and magnetic fields create virtual photons having precessing spin S,,,
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electric dipole moment d,, and size equal to wavelength K q of wave function of a quantum object. The

characteristics of virtual photons created by positively and negatively charged quantum objects are shown
in Figure 4.

Fig. 4. Diagrams of virtual photons created by a negatively charged quantum
object (case (a)) and positively charged quantum object (case (b)). Sq are
spins of quantum objects; ., are frequencies of precession of virtual photons’
spins S,,; 3 are angles of deflection; d,, are electric dipole moments; u are
velocities of quantum objects; A q is the size of a virtual photon (equal to the

wavelength of wave function of an object that creates a virtual photon).

The angle of deflection /3 is determined [12] by the speed u of the virtual photon (or, which is the same
thing, by the speed of the quantum object which creates this virtual photon) and by the speed of light:

sin 3 =u/c. (6)

It follows from equation (6) that at u=c a virtual photon converts into a “real” photon. The existence of
the Cherenkov effect [9] proves the validity of equation (6).

The existence of the electric dipole moment and a spin of virtual photons causes the existence of two
types of interaction of virtual photons.

1) The electric dipole-dipole interaction.

2) The transmission of precession and deflection angles by spin supercurrent.

Let us consider these types of interactions in detail.

2.1. The electric dipole-dipole interaction of virtual photons.

The determination of the electric dipole moment of a virtual photon created by a quantum object.
According to the hypothesis by Feynman, the virtual photon (with mass m,,) consists of two virtual
particles with charge g,, and mass m,, / 2; the distance between virtual particles equals wavelength K q

of wave function of a quantum object which creates the virtual photon. Then electric dipole moment d,,
of a virtual photon is determined by the expression:

dy = qvxq ) (7
where X q is determined by the momentum of a « d,xtum object Pyq [13]:
Kq =h/pg. (8)

Let us determine the electric dipole mc ant of a virtual photon created by an electron. Based on the
results of experiments conducted by W. Kaufmann [14] on the deflection of beta-rays emitted by radium,
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which showed that the mass of an electron is purely of the electromagnetic nature, we assume that the
specific charge of any of the two particles that constitute the virtual photon created by the electron is
proportional to the specific electron charge: that is, the following holds:

(av),=e(m,),/(2me), )

where e and m,, are electric charge and mass of an electron, respectively; (qv )e and (mv)e /2 are

electric charge and mass of one of the two particles that constitute the virtual photon created by an
electron. According to [12], the mass of a virtual photon created by an electron with energy U, is

determined by the expression (mv )e =U,/ cz. If an electron has only kinetic energy, that is:

U, = meug /2 and p, =myU, ( pp and U, are respectively momentum and speed of electron) then,
taking into account Egs. (7)-(9), we have:

(dV)e = upue / (2¢), (10)
where yp is Bohr magneton in the Gauss system.
Note. Electric dipole moment may determine spin-orbit interaction of a quantum object when it moves
in the electric field. For example, the maximum value (U S—o0 )max of energy of the electron in a

hydrogen atom, when using Eq. (10), is described by expression: (U o )max = ‘ UB (uxEn)/ (20)

where E, is electric field strength at the point where the electric dipole is located. The expression for
(U S—o0 )max is the same as for the maximum value of the spin-orbit interaction energy of the electron in

a hydrogen atom which was derived by L. Thomas based on the general requirements of relativistic
invariance [15]. It should be noted that the possibility of explanation of spin—orbit interaction of the
electron in a hydrogen atom, with using Eq. (10), can serve as a proof of validity of this equation for
determining electric dipole moment of a virtual photon created by the electron.

If the above-considered mathematical relations (7)-(10) are applied to the proton, we obtain:
(dv)p =,uNup/(2c), (11)
where ppy =he/ (2cm p ) is nuclear magneton in the Gauss system, 771, is the proton’s mass, 1, is the

proton’s speed.

The following energy characteristics are related to electric dipole moments (d,jand d,») of

virtual photons: force F,,, moment M,, [16].

F - kdqd,» /¥~ attractive at d,; Nd,, (k=3) or d,,; >—d,, (k=6) (12)
Vv —_— .

kdvldvz/l”4— repulsive at d,;; T1d,» (k==3) or d | <—d,, (k=—6)

M, = [dvz -((3r(dvlr)—dv1r2)/r5 )} (13)
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where r is the distance between virtual photons, 7 >> Kq .

2.2. Interaction of virtual photons by spin supercur | t

d

Besides the electric dipole-dipole interaction, the spin supercurrent transferring the angular momentum
between spins of spin vortices in physical vacuum can emerge between virtual photons.

Note. The investigations of spin supercurrent were conducted from 1976 [17-18]; in 2008, Russian
scientists Yu. Bunkov, V. Dmitriev and I. Fomin were awarded the Fritz London Memorial Prize for the
studies of spin supercurrents in superfluid *He-B [19-20]. Figure 5 illustrates the example of occurrence
of spin supercurrent between virtual photons created by positively charged quantum objects.

virtual protons
& rl “:51— & ¢y
z Uy
-

Fig. 5. The characteristics of virtual photons created by quantum objects
with spins Sq; ©,, are frequencies of precession of spins of a virtual

photon S,,; B are angles of deflection; d|, are electric dipole
moments; & are angles of precession; r. 1. are lines of reference; u —

velocities. (/ 1s spin supercurrent oriented along z.
ss ), 18 SP p g

The spin supercurrent oriented along z is determined by expression ([ S5 )z =—g10a/0z—grop/ Cz,

where g1 and g9 are proportionality coefficients depending on characteristics of virtual photons.
Due to the action of spin supercurrent, angles of precession («) and angles of deflection (/) of

precessing spins of virtual photons will acquire the same values and, consequently, their summary action
on other objects may be replaced by the action of a single (total) virtual photon. From this point of view,
let us consider the interaction of virtual photons created by quantum objects of the “big” electrode with
virtual photons created by quantum objects of the “small” electrode.

3. The interaction of virtual photons created by quantum objects of the “big” electrode with virtual
photons created by quantum objects of the “small” electrode.

As it is specified in the patent by Thomas Townsend Brown [1], the force moving the positively charged
electrodes in the capacitor acts also after turning off the power supply, and it works until the capacitor is
charged. Consequently, in the absence of the power source, the motion of the positively charged electrode
is determined only by the existence of an electric charge on the electrodes of the capacitor. The interaction
of these electric charges controls the direction of velocities and, according to Egs. (2)-(5), the direction
of electric dipole moments of the virtual photons created by charged quantum objects. Under a certain
mutual orientation of electric dipole moments of these virtual photons, the force emerges that moves the
capacitor’s electrodes. The electric interaction of these electric dipoles disappears when using the Faraday
cage screening the capacitor from the electric field of the Earth [4].

Thus, two types of electric fields take part in the Brown effect: the electric field created by charged
quantum objects of electrodes and electric field emerging in physical vacuum as electric components of
virtual photons.
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The validity of this conclusion is confirmed by the studies listed below.

These studies are based on the investigation of the properties of virtual photons (spin vortices) created by
electrically charged quantum objects of the electrodes. In the negatively charged electrode (the “big”
electrode in Fig. 1) of the electrically charged capacitor, virtual photons are created by the electrons
moving towards the positively charged electrode (the “small” electrode in Fig. 1). Total electric dipole

moment (dv )Ze of virtual photons created by these moving electrons is determined as:

(d,),, =n(dy),, - (14)

where 7 is the number of virtual photons (in the “big” electrode) having electric dipole moment (dv )be

and created by electrons moving with velocity uy, towards the “small” electrode.

In the positively charged electrode (the “small” electrode in Fig. 1) of the electrically charged capacitor,
the virtual photons are created by atoms’ protons moving towards the negatively charged electrode, and
by electrons moving together with these protons. Then the total electric dipole moment of virtual photons

is determined by two components: (dv )f?p - the total electric dipole moment of virtual photons created

by moving protons, and (dv )Ze - the total electric dipole moment of virtual photons created by electrons

moving together with protons of atoms. These components are determined by the following expression:

(4 )i + (), =m{(d), +(d),, ) (15)

where m is the number of virtual photons (in the “small” electrode) having electric dipole moment
(dv )Sp and created by atoms’ protons moving with velocity u sp towards the “big” electrode. At the

same time, m is the number of virtual photons (in the “small” electrode) having electric dipole moment
(dv )se and created by electrons moving together with atoms’ protons with velocity ug,, that is:

Uge~Ugp. (16)
Thus, the interaction of “big” and “small” electrodes of a capacitor may be implemented by the interaction

of virtual photons with total electric dipole moments:(dv)gp, (dv )ge, (dV)Ze’ The schematic

representation of these total virtual photons (accordingly: 1, 2, 3) is shown in Figure 6.
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small electrode Fig. 6. The characteristics of total virtual photons
(s, ' (v.p.) created by proton (p) and electron (e) in
- . t
2 V-.:'i 5 “small” (s) and “big” (b) electrodes. (Sq )sp ,
I.E".' ] I3 t
o S , S - spins of proton and electrons;
|Sq:' <;:_ ( Q)Se ( Q)be p p
— e TV t t t : , t
1 }I. iFr > (Sv )sp’ (Sv )se’ (Sv)be - spins of v.p.; ((x)v)sp,
(s, ), T uge | t t . .
Svlpe 1.,,___:‘__ ((DV )se , ((‘)v ) be - frequencies of precession of
(4.1 . t t t .
(dy )y, \, Bhe spins of v.p.; (dv )Sp , (dv )se’ (dv )be - electric
B ;
PR ACTY dipole moments of v.p.; Uy, Uge, Upe -
S b
3 |_bq_:'&€i - - velocities of v.p.; ﬂsp » Bse> Ppe - angles of
ig electrode =
deflection; F,, - force; r — distance between
electrodes.

b

According to Eq. (12), resulting force F,. acting between virtual photons created by “small” and “big’

electrodes shown in Fig. 6 is determined by expression:

F.= 6[((d‘, )ie COS Bge — (dv )gp cos S )(dv )Ze Ccos ﬂbe:| /1,

Using Egs. (6), (10)-(11) and (14)-(16) in equation for F,., we get:

F. = 6{(’”#3”3&/1 —uge /c? —m,uNuSle—ugp /c? j”/‘Bube«u —uge /2 } / (402r4).

Assuming that the speed of quantum objects in a capacitor is significantly less than the speed of light,
expression for F,. can be rewritten in the form:

F, =6[m(u3use—uNuSp)nuBube]/(4czr4). (17)

Taking into account Eq. (16), inequality g >> 15y and Eq. (12), the following conclusion can be made:

force F is a repulsive force.

Note. The change in the character of force acting between the capacitor’s electrodes from the Coulomb
attractive force at the beginning of charging the capacitor to the repulsive force due to electric dipole
interaction can result in the inversion of direction of velocities Ug,, Up, and U sp- However, based on
the definition of electric dipole interaction of virtual photons (Eq. (12)), force F, remains to be a

repulsive force.
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In other words: if as a result of action of force K, the inversion of the total virtual photons shown in Fig. 5

takes place, force F,. will remain to be a repulsive force and the motion of capacitor electrodes will

continue in the same directions.

4. The determination of amount of the electrode’s displacement in the capacitor.
Let us consider two versions of the capacitor structure.

The first version. The capacitor with electrodes does not form a rigid structure. That is, the electrodes
can move independently inside the capacitor.

According to Newton’s second law, acceleration Ay of motion of the “small” electrode with mass M
is determined as: Ay =F,./Mj; acceleration A» of motion of the “big” electrode with mass M is

determined as: Ay =F,./ M5 The electrodes are moving under the action of force F,. and their total
displacement AY in time 7 is determined as:

AY =Y =Y, =T%(F,./ M| -F, | M5)/2, (18)

where Y] is the amount of the “small” electrode’s displacement, Y, is the amount of the “big”

electrode’s displacement. The expression (18) is justified as well when the locations of the “small” and
“big” electrodes in the capacitor are interchanged while maintaining their polarity and size (see Figure
7a and Figure 7b).

“small electrode T | L -V,
Yy

(‘small electrodeT— 4|
i =

N

big electrode

Y
_________ — -Y) i(a) | small electrodel | |(b)

Fig. 7. The schematic representation of the two variants ((a) and (b))
of space arrangement of “big” and “small” capacitor’s electrodes,
moving from the initial state marked with continuous borders into

the state marked with dashed borders. ¥] - the displacement of the

“small” electrode. > - the displacement of the “big” electrode.

The difference in displacement of “big” and “small” electrodes is determined by difference ¥} —1>.
Using Eqgs. (17)-(18), we obtain:

V] —Y2=3T2 [m(,uBuse —yNuSp)n,uBube](l/Ml —1/M2)/(4czr4) . (19)

The second version. The capacitor with electrodes forms a rigid structure (as in the Brown effect).
If the capacitor with electrodes forms a rigid structure with size equal to size of electrodes, the
displacement of electrodes is transmitted to the entire capacitor. Consequently, the entire capacitor moves

a distance ¥} —Y> in the direction of positive (“small”) electrode. It is important to note that force F,. is
arising in physical vacuum and is an external force for the capacitor.

From the expression (19), the experimentally confirmed properties of the Brown effect are the following
(see Introduction).

J Phy Opt Sci, 2026 Volume 8(8): 9-11



Citation: Liudmila Borisovna Boldyreva (2026) The Physical Process Responsible for the Brown Effect (the Biefeld-Brown Effect). Journal of Physics & Optics Sciences.
SRC/JPSOS-455. DOI: doi.org/10.47363/JPSOS/2026(8)385

1) The value of speed of protons (u sp) and speed of electrons (g, , Up,) contained in the electrodes of

the capacitor is determined by the electrical voltage on the electrodes of the capacitor.

2) According to Egs. (17) and (18), the total amount of displacement of electrodes ( AY') is inversely
proportional to the distance between the electrodes (see Fig. 6).

3) According to Eqgs. (17) — (18), the total amount of displacement of electrodes ( AY") is proportional to
the difference of masses ‘M 1—M 2‘ of the capacitor’s electrodes.

4) According to Egs. (17) - (18), the total amount of displacement of electrodes ( AY") is proportional to
a number of protons (») in the “big” electrode of a capacitor and a number of electrons () in the “small”
electrode of a capacitor; that is the value of AY depends on the properties of the substance that makes
up the electrodes.

5) The Brown effect disappears in the Faraday cage shielded from the electric field of the Earth. This
phenomenon is in accordance with a theoretical explanation of the Brown effect as a consequence of the
electric dipole interaction of virtual photons (spin vortices) created by quantum objects of a capacitor’s
electrodes in a physical vacuum.

Discussion. The use of disks instead of rectangular electrodes in a capacitor

In his experiments, Brown investigated the possibility of changing the form of a capacitor’s electrodes:
rectangular electrodes are replaced with disks [1]. The disks began moving along a circular path when
they were electrically charged.

The circular motion of disks can be explained by the interaction of virtual photons. According to Eq.
(13), a moment may act between virtual photons created by quantum objects of the disks. This
moment may cause rotation of the disks.

Note. The action of force F, as a centripetal force is not considered here.

Conclusion

1) Two forces act between electrically charged electrodes of a capacitor: the “ordinary” Coulomb
attractive force and force due to the interaction of virtual photons (spin vortices) created by quantum
objects of a capacitor’s electrodes in a physical vacuum. It is shown in this work that the Brown effect
(Biefeld-Brown effect) can be caused by the interaction of virtual photons.

2) As follows from the experiments of S. J. Barnett and the hypothesis by R. Feynman, the virtual photon
(spin vortex) has the precessing spin and electric dipole moment. Thus, there are two types of interaction
related to virtual photons: spin supercurrent arising between spins of virtual photons and equalizing their
characteristics (angles of precession and angles of deflection), and electric dipole-dipole interaction.

3) The equalization of spin characteristics lets us replace the action of many virtual photons with equal
values of characteristics with the action of a single (total) virtual photon with total electric dipole moment
of combined virtual photons.

4) As a result of the interaction of electric dipole moments of virtual photons (spin vortices) created by
quantum objects of capacitor’s electrodes, a repulsive force emerges between them. According to
Newton's second law, the acceleration of an electrode is inversely proportional to its mass. Consequently,
the “small” electrode of a capacitor under the action of a repulsive force can move a significantly greater
distance than the “big” electrode under the action of the same force during the same time.

5) Besides the force, a moment may act between virtual photons (spin vortices) created by quantum

objects. Therefore, the charged electrodes of a capacitor may be not only rectangular electrodes but also
disks performing circular motion.
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Note. The Brown effect is not a single physical phenomenon whose explanation requires an appeal to the
Feynman’s hypothesis of creation of virtual photons (spin vortices) by quantum objects. For example,
such phenomena include: the origin of the force of inertia in the First law of Newton and the change in
the weight of rotating bodies and/or bodies having vertical (relative to the Earth) acceleration [21].

References

1. Brown Thomas Townsend. British Patent GB 300 311 — November 15 1928 — “Apparatus for
producing force or motion by the use of electrodes”.

2. Brown Thomas Townsend. U.S. Patent 3 196 296 - July 20 1965 - “Electric Generator™.

Brown Thomas Townsend. U.S. Patent 2 949 550. - Aug 16 1960 — “Electrokinetic Apparatus”.

4. Frolov AV (2017) The new space technologies. — Tula: publishing house TulGu, 198 p. Chapter 16.

“Effect Brown”.

Barnett SJ (1915) Magnetization by Rotation. Phys Rev 6: 239-270.

Feynman R (1949) Space-time approach to quantum electrodynamics. Phys Rev 76: 769-789.

7. Puthoff H (1989) “On the Source of Vacuum Electromagnetic Zero-Point Energy”. Phys Rev A 40:
4857-4862.

8. Einstein A, Stern O (1913) Einige Argumente fiir die Annahme einer molekularen Agitation beim
absoluten Nullpunkt. Ann Phys 345: 551-560.

9. Cherenkov PA (1937) Visible radiation produced by electrons moving in a medium with velocities
exceeding that of light. Phys Rev 52: 378-379.

10. Sedov LI (1971-1972) A Course in Continuum Mechanics 1-4. Groningen: Wolters-Noordhoff.

11. Li H, Chong L, Zhang-Ying Y, Wen-Li Y (2020) Quantized Superfluid Vortex Filaments Induced
by the Axial Flow Effect. Chin Phys Lett 37: 1-4.

12. Boldyreva LB (2021) A theory of spin vortices in a physical vacuum consisting of quantum
oscillators. Cambridge Scholars Publishing, 250 pp.

https://www.cambridgescholars.com/product/978-1-5275-6455-8.

13. Wichmann E (1971) Quantum Physics. Berkeley physics course, [V, New York: McGraw-Hill Book
company.

14. Kaufmann W (1902) Die elektromagnetische Masse des Elektrons. Phys Z 4: 54-56.
https://hdl.handle.net/2027/mdp.39015068320988.

15. Thomas L (1927) The Kinematics of an Electron with an Axis. Phil Mag 3: 1-22.

16. Purcell EM (1965) Electricity and Magnetism. Berkeley physics course 2; New York: McGraw-Hill
Book company.

17. Vuorio M (1976) Relaxation by magnetic counterflow in superfluid *He”. J Phys C: Solid State Phys
9:267-270.

18. Borovik-Romanov AS, Bunkov YM, Dmitriev VV, Mukharskii YM, Sergatskov DA (1989)
Investigation of Spin Supercurrents in *He-B. Phys Rev Lett 62: 1631-1634.

19. Bunkov YuM (2009) Spin Superfluidity and Coherent Spin Precession. Journal of Physics:
Condensed Matter 21: 164201.

20. Dmitriev VV, Fomin IA (2009) Homogeneously precessing domain in *He-B: formation and
properties. Journal of Physics: Condensed Matter 21: 164202.

21. Boldyreva LB (2024) The First Law of Newton. Formula and Consequences. Changes in Weight and
Forward Motion of Rotating Bodies. Journal of Physics & Optics Sciences 6: 1-10.

(98]

SN

Copyright: ©2026 Liudmila Borisovna Boldyreva. This is an open-access
article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original author and source are credited.

J Phy Opt Sci, 2026 Volume 8(8): 11-11



