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Abstract

Usually in physiotherapy application of magnetic or
electrical field is the main reason for movement of ions in
alive tissues. The trajectories of movement of ions depend
to the space-temporal configuration of electromagnetic
field. Therefore the first step in the process of investigation
of movement of ions should be determination of space-
temporal configuration of electromagnetic field. This is one
complicated mathematical task, but it can be solved more
easy in the case of uniform electrical and magnetic field.
This method can be used for mathematical description of
space-temporal configuration of electromagnetic field for
one enough small volume as part of alive tissues.

1. MOVEMENTS OF IONS IN UNIFORM
MAGNETIC FIELD

£ =0 sFB(x, 1) = const (1)

Because of that, a charged particle has a
simple cyclotron gyration. The equation of mo-
tion is:

dv
m—=qvxB 2
at qv x (2)

Where:

m is the masse of charged particle;

v is the velocity charged particle;

g is the electrical charge of particle;

g is the magnetic induction in the point were
is situated the charged particle;

Taking Z to be the direction of B (B=BZ ):

mv, =qgBv,; mv, =—qBv,
mv, =0

2
v - %vy - —(%] v, 3)
. 0B qB ?
Vy :FVX = —(F) Vy

This describes a simple harmonic oscillator
at the cyclotron frequency o,
Where:
B
o =12 @)
m
By the convention @, can be always non-
negative. Then the solution of equations (3) is:

Vey =V, exp(J_r ot + i5xyy)

(9)

the + denoting the sign of electrical charge
gq.The phase d can be choose, so that:

=X ©)

v,=Vv,e

Where:
v, is a positive constant denoting the speed

in the plane perpendicular to the vector of mag-
netic induction E.

Then:
vquﬂsfiwivx:ime‘”’* y

After integration of equation (6) can be ob-
tained:

Vo
X=X, =—i—=ge' (8)
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The radius of rotation of charged particle
( Larmor radius on fig.1) is:

v, _my,
o, |B (9
Taking the real part of equation (7) can be
obtained:
X=X, =r_sina.t
y—Y, ==xr_cosm,t (10)
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Larmor orbits in a magnetic field.

Fig. 1

It's clear that the equation (8) describes a
circular orbit a guiding center (Xo,yo) which is
fixed (Fig.1).The direction of the gyration is al-
ways such that the magnetic field generated by
the charged particle is opposite to the externally
imposed field. The particles in alive tissue,
therefore, tend to reuse the magnetic field, and
alive tissues are diamagnetic. In addition to this
motion, there is an arbitrary velocity v, along the
direction of the vector of magnetic induction B,
which is not affected by B. The trajectory of
charged particle in alive tissue is, in general, a
helix.

2. MOVEMENTS OF IONS IN UNIFORM
MAGNETIC FIELD AND UNIFORM
ELECTRICAL FIELD

E(x,¥ 2] = const A B(x,¥y.2] = const  (11)
In this case, the motion of charged particle

will be found to be the sum of two motions: the
usual circular Larmor gyration plus a drift of the

guiding center. The vector of intensity of electri-
cal field F can be choose to lie in the x-z plane
so that E,=0. As before, the z component of
velocity is unrelated to the transverse compo-
nents and can be treated separately. The equa-
tion of motion of charged particle is:

m%:q(waB) (12)

Whose z component of the velocity is:

dvz_g
d m °
or (13) Vz:£t+vzo

This is straightforward acceleration along
magnetic induction E. The transverse compo-
nents of equation (12) are:

v, . E, oV
dt m Y (14)
dv, _
—=0Fw,v,
dt
If F{w. ¥ = t) = const:
V., =-wv
X cVx (15)

It can be write as:

d2 E, E,
F(VY +Ej = —a)cz(vy +E] (16)

Therefore, that equations (15) is reduced to
the previous case if replacement of, vy by
v, +(E,/B).

Equations (5) and (6) is therefore replaced
by: _

VX — VLelet (17)
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Fig.2. Particle drifts in crossed electric and magnetic fields

The Larmor motion is the same as in the
case where E' = &, but there is superimposed a
drift v, of the guiding center in the -y direction
(for Ex>0), Fig.2

The equation (12) should be solved for ob-
taining a general formula for the velocity Vgc.
The equation (12) can be solved in vector form.
It's possible to omit the m dv/dt term in equation
(12), since this term gives only the circular mo-
tion at wc., which we already know about. Then
equation (12) becomes:

E+vxB=0 (16)

Taking the cross product with magnetic in-
duction B:

ExB=Bx(vxB)=vB*-B(v.B) (17)

The transverse components of this equation
are.
V. =ExB/B*=v, (18)
Where:
V¢ is the electric field drift of the guiding center.

In magnitude, this drift is:

_M_{ﬂ} (19)

® " Bftesla) |sec

It is important to note that velocity v, is in-
dependent of electrical charge g, masse m, and
velocity v, . The reason is obvious from the
following physical picture. In the first half cycle of
the ion’s orbit in Fig. (2), it gains energy from the
electric field and increases in velocity v, and
hence in radius r_. In the second half-cycle it
losses energy and decreases in radius r, . This
difference in r_ on the left and right sides of the
orbit causes the drift with velocity v . A negative

ion gyrates in the opposite direction but also
gains energy in the opposite direction. For parti-
cles of the same velocity but different mass, the
lighter one will have smaller radius r, and
hence drift less per cycle. However, its gyration
frequency is also larger, and the two effects
exactly cancel. Two particles of the same mass
but different energy would have the same cyclo-
tron frequency .. The slower one will have
smaller radius r_ and hence gain less energy
from E in a half-cycle. However, for less ener-
getic particles, the fractional change of radius r_
for a given change in energy is larger, and these
two effects cancel.

CONCLUSION

1. A mathematical analysis of movement of
ions in alive tissues under uniform electrical and
magnetic field is described in the paper.

2. The trajectories of movement of ions have
been obtained.

3. An analysis of connection between pa-
rameters of ion’s trajectories and masse of ions,
electrical charge of ions, magnetic induction and
intensity of electrical field have been obtained.
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