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By numerical solving of the particle motion equations the separation of carbon isotopes 2C' and *3C in varies magnetic

field configuration is considered.
distribution of a magnetic field
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Theoretical analyses of isotopes separation in
cusp and some experiment confirmation of the pre-
dictions of the theory were conducted in [1]. Typ-
ical configuration magnetic lines of force in system
is shown in Fig.1. Because of nonadiabatic mo-
tion of a charged particle passing near the zero
field region (a magnetic field component along z-
axis is varying from its maximum magnitude at the
ends of the system to zero at its center) the tra-

jectories of particles experience appreciable changes.
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Fig.1. Cusp magnetic field configuration

The particles, located at radius r( relative to sym-
metry axis in the left cusp boundary, start in axial
direction with velocity vg. After crossing the plane
of zero magnetic field the particles having the same
initial conditions but small mass difference begin to
move on noticeably different trajectories. On the
left part of the system these particles are moving
performing small radial oscillations and they encircle

It is shown, that isotope separation can be improved considerably sampling of

the axis in the right part of the system. In this re-
gion the most of their directed velocity converted to
transverse velocity. After passing of the system the
particles continue to move in homogeneous or near
homogeneous magnetic field. The subsequent calcu-
lation allowed to evaluate the permissible values for
the initial transverse velocities, exceeding of which
leads to deterioration of isotopes separation, and di-
mension of the region of injection. It was shown that
such system allows the separation both heavy and
light isotopes. More complete description of these
results is given in [2].

Although the trajectories of particles have been
calculated in different configurations of magnetic
field, as a rule, the isotopes of different elements were
considered. And this imposes some difficulties for es-
timation the advantage of one magnetic field distri-
bution in comparison to another one.

The trajectory of particle motion is characterized
by two nondimensional parameters: krg is a posi-
tion of a particle initial location, where k = /2L,
2L is a distance between the planes where the max-
imum magnitude of magnetic field is reached; and
n = ro/r;, where r; = Mcvg/eHy is Larmor radius,
which involves the initial particle velocity vy along z-
axis, and a magnetic field strength H at the position
of particle location. If the magnetic field distribution
was given a condition for optimal isotope separation
can be found by changing of these parameters.

The purpose of this work is to compare the sep-
aration of isotopes of one and the same element in
different magnetic field configurations. The carbon
isotopes 12C and '>C were selected for that. In nat-
ural conditions carbon represents a mixture of two
isotopes . And in this mixture it is the order of 1.1%
isotope 13C contained. But it has many applications
in science and technologies.
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As it is known [3] the solution for the magnetic
field component H, and H, in such system can be ex-
pressed in cylindrical coordinates by the sum of har-
monics. Each of these three harmonics is a product
of trigonometric and Bessel’s functions of imaginary
argument and zero or first order. The coefficients at
each harmonic can be found from boundary condi-
tions at the ends of system. In early works, when the
trajectories of particle motion were calculated, usu-
ally, the magnetic field distribution as a first term of
a series had been taken, and it can be written in the
following form:

H
H, = —Hysin(kz), H,= TOT cos(kz).

It is assumed that condition kr < 1 was satisfied.
As a result of calculation it was found that there is
some critical meaning of parameter 1 (1. = 0.72).
When 7 exceeds 7., the particle does not pass the
system because of reflection. In subsequent calcula-
tions it was found that quantity of 7., can be much
closer to 1 when the magnetic field distribution as a
sum of several harmonics is taken. If we assume that
at the ends of system radial uniformity of the mag-
netic field at a distance at least bounded by trajec-
tory of a particle is fulfilled. Then for the magnetic
field of three harmonics the following expression can
be written

IH, = — 1,171y(kr) sin(kz) — 0, 1315 (3kr) sin(3kz)—
— 0,011 (5kr) sin(5kz),

H, =1,17 I (kr) cos(kz) + 0,13 I (3kr) cos(3kz)+
+ 0,01 I (5kr) cos(5kz).
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Fig.2. Distribution of carbon isotopes 2C and 3C
over the cross section at kz = 1.54 after passing the
magnetic field of the first harmonic, general solution

The calculation of the trajectories of particles
moving in a magnetic field distribution of the three
or four harmonics shows that the ranges of varia-
tion of the dimensionless parameters for the particles
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passing through system can be notably expended. It
should be noted, that there are different ways for
selection of separated isotopes after they pass the
cusp. In some fixed plane kz = const near the exit
the particles of different masses will occupy differ-
ent regions of azimuthal angles over the cross section
in this plane. In axial direction the intervals where
these isotopes fall are shifted along z-direction.

In Fig.2 the distribution of carbon isotopes over
the cross section at kz = 1.54, after passing the mag-
netic field of the first harmonic, was shown. The
dimensions of the region of azimuthal angles occu-
pied by different isotopes are determined by initial
radial component of velocity and radial dimensions
of the region of injection. Parameters kro and 7
in this calculation were of such that for particles
with initial radial velocity scattered in the range
0.02vy > 7y > —0.02vy and radial dimension of in-
jection region Ar = 0.002 there were full isotope
separation.

In Fig.3 the regions of azimuthal angles for the
same isotopes, which they occupy after passing the
system with magnetic field distribution of three har-
monics, were shown. One can see that regions oc-
cupied by each isotope shifted on more than /2.
The heavier isotope 2C' is finishing its first turn
while a lighter one is traveling on the second turn.
In this case the interval of initial radial velocity is
two times greater than that in the case of the mag-
netic field of the first harmonic and the radial dimen-
sion of injection region is four times greater amount-
ing to Ar = 0.008. Radial intervals where isotopes
fall after they pass the system also are different.
For example in the plane kz = 2 the heavier iso-
tope 13C is within the radii Ar = 0.81...0.94, and
lighter one is within the radii of Ar = 0.5...0.85.

Fig.3. Distribution of carbon isotopes >C and 3C
at kz = 2 after passing the magnetic field of three
harmonics

As it is possible to see from Fig.4 after some
shifting along kz (kz = 2.2) the intervals of ra-



dial positions, where separated isotopes locate, are
not overlapped. For '2C this interval is Ar =
0.5...0.7, and for 3C it is Ar = 09...1.0.
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Fig.4. Distribution '2C and '3C isotopes at
kz = 2.2 after passing the magnetic field of three
harmonics

The displacement of the starting position of a
particle for some angle in azimuthal direction does

not change the regions of isotopes disposition over
cross section relative the one to another because of
the symmetry of the system. The whole picture in
the cross section of this plane is turning at the proper
angle. The appreciable improvement of the separa-
tion of isotopes with heavy atomic weights in the
magnetic field distribution of three harmonics is ob-
served too.
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BJIINMAHUE PACIIPEAEJIEHNA MATHUTHOTO IIOJIAd HA PASAEJIEHUE
N30TOIIOB B CUCTEME C OCTPOYTOJIbHO I'EOMETPUEN I1OJIS

A.TI. Beauxos, B.I. Ilanxosuy

UncJIeHHBIM pelllcHIeM YPAaBHEHUI JIBUYKEHNsS PACCMOTPEHO PasJieeHne U30Tonos yriaepona 2C u 13C
B JIBYX Pa3/IMIHBIX KOHMUIYpaIusX MAarauTHOro 1oJisi. [lokazano, 9To pasjesieHre n30TONOB MOXKHO 3HAYU-
TEJIHHO YJIyYIINTh BHIOOPOM DPACIIPEIEIEHNsT MATHUTHOTO TIOJIS.

BIIJINB PO3IIOAIJIY MATHITHOTI' O ITIOJISA HA ITOAIJI ISBOTOIIIB ¥V CUCTEMI 3
IFOCTPOKYTHOIO I'EOMETPI€EIO I10JIA

A.I. Beaixos, B.I. Ilankxosuv

YnceabHUM PillleHHSM PiBHSAHb PYXY PO3LJIAHYTO ToAit izotomis Byriemo 2C i 13C y apox pisHux kom-
diryparisx maruiTHOro noJjs. [lokazaHo, Mo mo/ i 130TOIB MOYKHA 3HAYHO TOJIIIIINTH BUOOPOM PO3IIOIIILY

MAarHITHOI'O II0JId.
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