
Interaction between ferromagnetic aerosols and a superconductor

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1993 J. Phys.: Condens. Matter 5 351

(http://iopscience.iop.org/0953-8984/5/3/010)

Download details:

IP Address: 171.66.16.159

The article was downloaded on 12/05/2010 at 12:51

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/5/3
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. my%: Condens. MaUer S (1993) 351-360. Printed in the UK 

Interaction between ferromagnetic aerosols and a 
superconductor 

V F Mikhailov and L I Mikhailova 
High Energy Physics Instilute, Kazakh Academy of Sciences, 480082 Alma-&, 
Ka7a!&stan 

R e s e i i  23 December 1591, in final form 23 September 1W 

AbstrncL The behaviour of femmagnetic auosols near a supercondunor surface has 
ban investigated. Some regular features of the interaction between the miaopariicles 
and the supercondunor were established. If the aemsols are illuminated, 6rsUy &say 
of the previously induced mrrent at the wperconduaor ring is observed when the 
aermols are -1 in the field and semndiy some particles are repelled fmm the 
suprconduning surface with a force acmrding U) an inverse quare law. 

I.. Introduction 

This work is the logical continuation of earlier investigations [I421 and is devoted to 
the observation of the magnetic charge effect on ferromagnetic aerosols. 

The essence of the effect is as follows: when ferromagnetic aerosol particles are 
subjected to a high-intensity light beam, they move in the magnetic field along its lines 
of force; the reversal of the field vector €l causes reversal of the particle motioK 
motion ceases when the field is switched off. An increase or decrease in the field 
strength or luminous flux intensity causes the particle velocity to increase or decrease, 
respectively. It has been found that thii effect exists at a low temperature up to the 
boiling point of liquid nitrogen. These phenomena have been interpreted as due to 
the presence of magnetic charges on the microparticles. Such an interpretation does 
not seem to contradict the experimental results but these experiments do not negate 
categorically the possibility that other unknown mechanisms exist 

We think that the experiments described here, to a certain degree, exclude this 
possibility and provide essentially new additional information about the nature of the 
magnetic charge effect because, in fact, the aim is to detect the magnetic field of the 
particles directly. However, because of the type of experimental method used, only 
qualitative results are given and quantitative definition of the magnetic charge caunot 
be determined. 

2. Interaction of the magnetically charged aerosols with the magnetic field of the 
superconducting ring 

The idea of this experiment is based on the following assertion: the electric current 
induced in a superconducting ring must decay if a free magnetic charge (i.e. a charge 
which can move in the field) is present in the field of the ring. 
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Thus, the experiment is reduced to observation of the magnetic field of the 
superconducting ring when illuminated ferromagnetic aerosols pass along the field 
axis. 

Schematic diagrams of the experiment and of the installation are shown in 
figures l (a )  and l(b), respeaiVely. 

m 

Figurr L Schematic diagrams of (a) the qeriment and (b)  the anangemen1 for obaerviog 
the decaying mrrent m the mil: 1, superamductor mil (yttrium ceramic, T. = 92 K); 
2 delecloI of the magnetic field (differen= micmfmsonde); 3, aemsol Bow System, 
where the w e d  armw indicate the direction of motion of the gas (neon or filmpen); 
4, thermal optical window; 5,  vessel vith Liquid nimgen (cryostat), &g, the magnetic 
charge; H, magnetic field suenglh; 9, luminous flux of the light beam. 

The current I is induced in the ring outside the installation. Then, the ring 1 
is transferred into the crymtat of the installation and is mounted on the work table. 
This procedure requires a c:nall Dewar flask, a permanent magnet, some grips and 
some dexterity. 

The magnetic field of the ring may be measured in any suitable way, but the 
magnetometer must be ve'y stable because the experimenta1 time required is long. 
In our installation we used a differential microferrosound instrument 2 It was placed 
near the.ring 1 in the cryostat and had a drift of no more than & O S %  during 24 h 
when the electric current in the ring was small. 

The magnetometer conditions are not changed when the light beam or the aerosols 
are used. However, in the presence of either a light beam or aerosols, the current in 
the ring decays (figure 2). 

In this experiment we used a laser beam (A = 4400 & power, 25 mw) and for 
the aerosols an electric spark source with iron "acts [4,7. The aerosols were 
transported by an inert gas (neon or nitrogen). 

Figure 2 illustrates the change in the magnetic field of the ring with exposure time 
for two different sets of measurements. Points a indicate the moments of injection 
and points b indicate the moments of removal of the aerosols from the ring region. 
Point c corresponds to the initial point where the ring starts to heat (the destruction 
and disappearance of the superconductivity are the result of total evaporation of 
liquid nitrogen from the cryostat). 
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J3pt-e 1 n e  time diagram for the mapetic field of the superrondunor miL nte 
full Uiangles were obtained 2 d after the open circles. ?his Sgure may be regarded as 
illustrating the repmduducibilily of the apcriment. 

The difference between the magnetic fields for the initial p i n s  a of the two 
curves arises because of the way in which the ring current S induced and bas no 
significance. The nature of the curves between points a and b is easy to explain in 
the framework of the magnetic charge concept 

Let us suppose that in the magnetic field of ring 1 (figure l (u))  there are particles 
with a magnetic charge g and the average density of their distribution in the light 
beam is n. Such particles move in the field, as shown in figure l(u). 35 transfer an 
infinitely small magnetic charge 

dG F nagdx (1) 

the amount of p e r  required is 

d W  = nugHvdx 

where n is the density of the particles having magnetic charge g, U is the cros section 
of the light beam, H is the magnetic field strength and v is the velocity at which the 
particles move. In this case, the particles move in a viscous medium. Thus, by the 
Stokes law, 

v = g H f K  (3) 

where K = 67rqr (q is the Viscosity and T is radius of the particle). 

problem tum into a onedimensional task. At the axis of the ring we have 
In our experiment, U << 7rR2 ( R  is the average radius of the ring) and, thus, the 

H = ( I / C ) [ ~ ~ R * / ( R ~  + 2 ) 3 / 2 1 1  (4) 
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where c is the velocity of light and I is the electric current in the ring. 
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From (4). (3) and (2) we obtain 

dW = (na/Kc2)g2[167r2~/(R2 4- ~ ~ ) ~ ] P d z .  (5) 

As the particles migrate across the boundary of the light beam continuously, the 
density n of the particles is constant. Thus, 

167rZuR4ng212 dz 
Ket ( Rz + zZI3 ' W =  

W is the total power for the transference of the total charge in the limits of the light 
beam. 

Obviously, the source of this power is the electric current of the ring and the 
balance 

W + W , = O  0 

exists, where 

WL = (LI/cz)(dy/dt) 

and L is the self-induction coefficient of the ring. 
From equations (8) and (6) we obtain 

) dt. d I  
I (RZ + z2)3 -= -  

The integral is given by 

The self-induction coefficient of the ring is 

L E 2rrZRZ/E, 

where 1, is the thickness of the coil along its axis. 
From equations (9)-(ll) we obtain 

(9) 

dH/H = d I / I  CT -(3nulU/KR3)ngadt 

H = H,exp[-(3rrcr[,/KR3)12gZt]. (13) 

(12) 

and its solution is 

Thus, if our concept is correct, we must have an exponential decrease in the 
magnetic field strength of the ring, where the time constant is 

x Y (3rra1,/KR3)ngZ. (14) 
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In figure 2 these exponential curves are shown as broken curves. For curve A 
x = 1.0633 x Thus, equation (13) and the 
experimental data are in qualitative agreement. 

A spread of the experimental pints in the decreasing section of the curve could be 
caused by the irregular fluctuation of the particle density n because of the instability 
of the aerosol source. 

It is interesting to make some numerical estimations for the following parameters: 
U = 5.026 x lW3 cm2; R = 0.425 cm; I ,  = 0.5 cm; q = 6 x lod5 I! 

Let us suppose that P = 1 W 6  cm and g = gD = 3.29 x G cm* (Dirac's 
monopole). Then we have, for curve A, n = 359 and, for curve B, 
n = 345 There are some elements of speculation in this example but these 
values look probable. 

In this case, the total charge has been passed through the ring for an exposure 
time of about 1069, or about 2 x l e g n  s-l (total stream intensity I). However, 
I = j o  = niro, where G is the average velocity of the particles moving through the 
ring given by B = I /no.  Also ir = g H / 6 x q r ,  i.e. H = 6?rqrir/g. After putting 
numerical values in this equation we find that H = 3.4 Oe, which is consistent with 
experimental data (figure 2) in the limits f50%. 

We repeat that this estimation is very approxiate and may be used only as a rough 
reference point as the selection of the values of P and g is somewhat arbitrary. 

Nevertheless, equation (13) and the experimental data are in good qualitative 
agreement; so the magnetic charge model is compatible with the experimental results. 

and, for curve B, x = 1.0186 x 

3. Behaviour of the magnetically charged aerosols near a superconducting surface 

The idea of this experiment is based on the following assenion: because of the 
presence of the Meissner effect, a repulsive force governed by the inverse square law 
must act on a microparticle having a magnetic charge near a superconducting surface. 
Thus, the experiment reduces to observation of the movement of the particle near the 
superconducting surface and to the detection of the particles moving along a normal 
to that surface. 

Schematic diagrams of the experiment and of the instauation are shown in 
figures 3(a) and 3(b), respectively. 

The light beam of luminous flux @ is along the horizontal plane of the 
superconducting ceramic 1 and intersects the optical axis of the microscope lens 
at right angles. The construction of 1 acts as a magnetic screen for the light beam 
canal x-x against external magnetic fields. In addition, neutralization of the external 
fields may be accomplished by use of a Helmholtz coil 8. 

Observation of the aerosols is realized through the optical window 6 and the 
Vision slit 7. obtain photographs we used a camera with a rotary-disc shutter, and 
therefore time mark are obtained along the track of the particle, Le. the particle 
track appears as a broken curve. 

After the temperature of the superconductor ceramic was reduced below the 
characteristic transition temperature T, (monitored with a thermocouple), injection 
of the aerosols together with an inert gas (Ne) was camed out through the tubes 3. 
Then a pause of some hours is necessary so that thermal equilibrium of the gas in 
the observation zone was attained (convection must cease). 

The light beam must be switched on when the rotary shutter is turning and the 
optical shutter of the camera is opened. Let us consider a situation when just at this 



356 V F Miiai lov and L I Mikhuilovu 

la1 I bl 

Rgum 3 Schematic diagrams of (a) lhe experiment and (b) lhe arrangement for observing 
the aermol motion near the supermnducting surfax 1. supenanductor Wnium ccramic; 
T, = 92 K); 2. mpper tody (thermmtat); 3, -1 Bow system; 4, thermal optical 
window; 5, wssel with liquid nitrogen (erymtat); 6, thermal optical aindow for the 
micmsmpe lens; I, *ion slit; S, Helmholtz mil; e, luminous flux of the light beam; 
0-0, axis of the miamcope lens. 

moment a particle is near the superconductor and acquires a magnetic charge. Such a 
particle has i s  own magnetic field and its field must be repelled by the superconductor 
because of the Meissner effect Therefore, such a particle starts to move away from 
the superconductor along the normal of the superconductor. 

In fact, we observed these phenomena repeatedly. In figure 4 the trajectory of 
such a particle is shown. Because a rotarydisc shutter is used, the track of the particle 
is seen as a broken wrve. 

After the light beam has been switched on, the exposure lasts about 10 s; that is 
a sufficient time for the particle to cross the tight beam from edge to edge a-a. In 
figure 4 the particle apparently starts at a lower point of the track. The track ends 
on the upper boundary of the light beam. Obviously, the particle does not have a 
mustant velocity. 

Let us obtain the equation of particle motion in the framework of magnetic charge 
formalism. F i t l y ,  we require the expression for the interaction force. A substance 
(in this case a superconductor) is magnetized in a magnetic charge field, and the 
energy of that magnetization is 

W, = w(r)dV 

where the integral is taken over the full volume of the substance. The magnetization 
work per unit volume having a magnetic moment M is 

w ( f ) = / H d M  

where 

M=K.H (17) 
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Figure A Photograph of the trajectory of a panicle Fwre 5 Histogram of the e n e r 3  G2 f r 
moving along the normal to lhe superconducting 
surface: %a, Limits of the tight beam; b, 
patch of light at the superconductor surfacp; 
F.,, gravitational force. The distance hum the 
superconductor surface is plotted as the ordinate. 
A Vack of an uncharged panicle is shown on the 
right-hand side of the upper phocograph. 

distribution of the particles (experiment). 

and K is the magnetic susceptibility. 
The magnetic intensity of a point charge G is 

H = G/rZ.  (18) 

In accordance with equations (15)-(18) we have for a half-space (it is sufficiently 
correct for this experiment) that 

where y is the distance between the superconducting surface and the charged 
microparticle. 

Obviously, the force of the interaction between the particle having a magnetic 
charge and the supercanductor surface is 

F = dW,/dy = -xnG2/yZ. (20) 

For the superconductor, K = -114~. Thus, 

F = G2/4yz. (21) 

In fact, the force F is the force of interaction between a magnetic charge and its 
image. The direction of the force F is due to the sign of the magnetic charge. The 
force F is always repulsive (the Meissner effect). 
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Let us obtain the equation of particle motion. The element of the particle 
trajectory is 

d y  = vdt.  (22) 

The velocity of the particle is 

v = F/6unr (23) 

dy = ( G 2 / 4 y z 6 r ~ r )  dt 

yz dy = (G2/24?rqr) dt 

because the particle moves in a Viscous substance where the Stokes law is valid. So 

(24) 

or 

(E) 

where TJ is the viscosity and r is the radius of the particle. The solution of equation 
(25) is 

or 

yj’ - yt  = (Gz/8nqr)( t j  - t i ) .  (27) 

Thii is the equation of motion of the magnetically charged particle near the 
superconducting surface. 

From this equation it follows that, if any two time intervals are equal, Le. 

t .  J - t i  = tk - t n  = r (24 
then 

(29) 3 e = yj - yq/y: - y: = 1. 

This formula may be used as a criterion of the reality of the magnetic charge concept 
If equation (29) is satisfied by the experimental results, the law (21) holds for this 
experiment. In this experiment the time marks are made by means of the rotary-disc 
shutter. In figure 4 the length of the time mark is 7 = 2 . 5 ~  s, and the arithmetic 
average value of 0 is very close to unity. Thus, in this experiment we obtained some 
features which agree with the primary concept 

However, we have also observed other features which do not keep within magnetic 
charge limits; at the same time the attraction of the particles to the superconductor 
surface wlls recorded. Investigation of the motion of such particles is shown to be 
absolutely consistent uith an inverse square law (21) too. Of course, this also demands 
an explanation. 

First of all we consider the electrostatic interactions. In this m e  the particle must 
be equivalent to a point electric charge. 

There are at least two variants for realization of this condition: 
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(1) interaction between the electric charge of the particle and its image at the 
superconductor; 

(2) interaction between the electric charge of the particle and an independent 
electric point charge placed on the superconductor surface. 

One may state at once h t ,  as we know nothing about the surface state of the 
superconducting ceramic, we have no arguments against the second variant However, 
this phenomenon was observed only at temperatures below the critical point T,. Thus, 
there is little probability that this phenomenon is caused by contamination (e.g. dust) 
which can form a spotty structure of the electric charge of the ceramic surface. 

We can consider the first variant in more detail. 
From equation (27) we can obtain only the ratio @ / T  because neither G nor T 

is hown separately. It is 

G'/T = 8 4 y j  - y!)/(tj -ti). 

The ratio G2/r is the potential energy of a charge at the surface of a particle. 
In figure 5 the histogram of the energy @ / T  distribution of the particles is shown. 

It is, in fact, a characteristic line of the detection device and covers both attraction 
and repulsion. 

If G is the electric charge, then G = ne, where e is the electron charge and n is 
an integer. Therefore the potential energy per electron is ne2/.. 

The probable value of the particle radius in this case is of the order of cm 
[7]. Thus, in m r d a n c e  with figure 5, neZ/T is of the order of I@ eV (n = 500). 
Naturally, such a situation is unreal because the latter value is larger than the 
electric work function of a metal oxide. The particle cannot have such a number of 
electrom (if the charge is negative) and, at the same time, to create a large positive 
charge, high-energy ionization sources, which are not used in our experiment, (and 
triboelectrification too) are necessary. 

Thus, this scenario may be rejected as very doubtful. However, in spite of this, 
we do not have an irrefutable argument for the absence of electrostatic interactions. 

It is possible that this problem will be solved by experiment with aerosols separated 
from charged particles by means of a special electrostatic field. (It was noticed earlier 
[4] that electric charges and magnetic charges are both present at the particles, as 
a rule.) However, then it will be necessary to use an elementary superconductor 
and liquid-helium temperature. This certainly complicates the experiment from an 
engineering viewpoint. 

It is possible there is a third method. In any case, further investigations and 
additional experiments are necessary. 

4. Discussion 

So we have the results of two experiments. At this stage the results may not be 
interpreted from a general viewpint. The experiment with the ring allows us to draw 
the conclusion that our data are consistent with the magnetic charge model uniquely. 

The observation of the Mehner effect in the second experiment is questionable. 
It is quite possible that we have an ordinary combination of two independent 
mechanisms caused by Coulomb interactions-magnetic and electric interactions- 
and the problem can be reduced to consideration of these mechanisms separately. It 
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is also possible that the magnetic interaction in this experiment is generally absent, 
and then there is the problem of the large electrical charges. However, perhaps we 
have a situation caused by over-simplification of the initial model of the process. 

Indeed, imagining that a particle is a point object moving along a magnetic force 
line, which was justified in our earlier experiments 11-12], in this case may give us only 
a very rough idea of the situation. As we stated before, we have observed that, under 
a very high magnification of the photographic track, some particles have a wavy line 
with an amplitude between 10r and 1M)r (T is the particle radius). One can imagine 
that this is a plane projection of the helical path of the particle, the axis of the spiral 
being along the magnetic force line [ll]. ?he attempt to explain this phenomenon by 
the Lorentz force was unsuccessful. This problem has been investigated by Ehrenhaft 
[14]. Numerous photographs of such tracks are contained in RuZEIca’s 1151 work, 
which was compiled from Ehrenhaft’s studies. 

The absence of a satisfactory theory for the question discussed makes it difficult to 
understand our results. However, the theoretical studies of Lachak 116,171, Daviau 
[18] and, especially, Barrett 1191 give us hope. In accordance with these studies, 
magnetic charges (monopoles) may be created in the conditions existing in our 
experiments (interaction between ferromagnetic microparticles and light). 

All the above is a good illustration of the complexity of the phenomenon. 
Therefore the results that we obtained must be regarded as preliminary. As the 
problem is w y  importans it is necessary to make a careful analysis of the scientific 
data and a new thmry is required. 

We hope that our experiments will attract the attention of researchers and that 
these experiments be repeated as soon as possible so that greater understanding of 
the problem is facilitated. 
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