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COMPRESSION OF A MAGNETIC FIELD BY A SHELL OF CONSTANT CONDUCTIVITY
A. Ye. Kulago

Equations are obtained for a magnetic
field compressed by a cylindrical shell of
constant conductivity. Solutions are given
in some particular cases.

§1. Formulation of the problem and its solution by the
integral transformation method. Ya. P. Terletskiy was the first
to point out the possibility of obtaining superstrong magnetic
fields through the compression of the field [1]. Fields on the
order of 107 G were obtained in experiments [2, 3] based on this
method. The plane problem on compressing a magnetic field without
consideration of biased currents was solved in articles [4-6].
The authors of work [7] examined diffusion of a magnetic field in a
plate and shell with the motion of the metal's melting zone. The
plane and axisymmetrical problem for an ideally conducting boundary
with consideration of the bilas currents was solved by I. M.
Rutkevich [8]. The problem of compressing a magnetic field by a
cylindrical shell of finite conductivity without consideration of
bias currents 1s presented in this work.

which 1is
compressed with a rate of V. We will consider region D2 infinite.
At the initial point in time t = 0 the magnetic fileld was homo-
geneous H = HO in the cavity (region D;) and H = 0 in the

1

Let us examine a cylindrical cavity with a radius R0




conductor (region D2). The electrical field E was absent with
t = 0 and in the center of the cavity

In this case the equations for H and E are the following
ﬂ”’c"ﬂl'. ’EDIP: A0 ”
lﬂi’-—" + f : ! ®.

' r € D,.
7-0[ +-c-vx3] (Y

AN

Let us use the cylindrical coordinate system r, ¢, z. The
z-axis is the axis of symmetry of this problem. The vector A will
have the component W o; Beliy®h ¥ and v - v, = V. Ignoring the
bias currerts and keeping in mind that div ﬁ 0, we can consider
the field Hz homogeneous in Dl’ that is Hz = H(t).

The conditions for the uniting of the solutions on the boundary
of regions D, and D, will be

1 2
By =M
that 1s the magnetic and electrical field on the boundary is con-
tinuous. Integrating the first equation of system (2) from r = 0
1 to r = R, where qup_{'y"u;and considering (1) we obtain

L R ©

where H - the field in cavity D1 and E - the electrical field on
the boundary y. Since the rate of diffusion of the magnetic field
is considerably greater than the rate of motion of the boundary,
we will solve the problem of diffusion of the magnetic field in a
motionless conductor considering that, K this stage R = R(t') is
constant. Recalculation of E and H for a moving conductor is §
accomplished in accordance with the well-known formulas -

#a-B FaTrlixi
2




where the prime sign signifies the moving coordinate system.

We find E and H in D
Laplace transforms

#e. »’-Ir"nv. ol B¢, A= 3mv e

o For this purpose we use the integral

Using equations (2) and (4) and disregarding the bias currents,
we obtain

PH | dH A%

’. g,

The solution of equation (7) will be

He =A@ 1),
where Y
at infinity,

\’-—“ .’

o

We determine the function A(p) from the boundary condition in the
following manner. Let

He.nERe. 0 AR=d@

Then [9]
4
Be.om J A¢—aPie. g,
and on the boundary with r = R
‘ X ..
AR 0= I Ae—oTo R oo
B ax“
Moving on again to the representations, we obtain
HR 9= AYoth R,
where :
L «#@r
Then

"mg

Using the well-known theorems for operations analysis [9]:

AL B A sl N v

6 the Weber function of the zero index which tends to zero
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where A(p), B(p) - polynomials for p, we find

He, o- u(-)[x-f-zz Y'S:m) @u—-»] '3

&=l
- E .. STt 36 S
where % = the roots of Yo(q) =0, ma-q- i Ve=VaVos.
y,(,,_-‘;'&. Here H(r, t) - the field in D, and H(t) - the field in
Dl.

If we disregard the bias currents, the magnetic field H for
moving and motionless conductors is the same. The electrical field
for the motionless conductor equals

e ,.( ,...)
g..’._.‘__..‘.‘.”..,_____ ___ 2 1\ @ (}...)

TUROY; () (o)

Then

TR ) e (N (8)
- @ fe=l

Using equations (5), (6), (8) we obtain the equation for the
intensity of the magnetic field in the cavity

el R
dRM) @ 4 PH@NY I -t
R 2o~ Tl 5 RO & wt 0 detoH (9)

Integrating equation (9) we obtain

- ¢
. ¢ dCHMm (I 9 : HoRy 10
"""'n‘cSrnz.‘ "+5. Mada)+ . (10)




Equation (10) 1s the Volterra integral equation.

§2. Uniform movement of the boundary. The limiting case for

great conductivity. The following asymptotics for the roots are
known [0} : _
axh+G—1)=x.

Let us 1limit ourselves to one term of the series in equaiton (10)
and let us consider the great significance of o. We will consider
that R = RO - vot. Here Vo - const. The equation (10) takes the
form

& CHE |

4
-y
H = ao mo“'*’f RGO Hedut 2R RO (11)

Integrating equation (11) for t and substituting in the obtained

equation /'fia“ from equation (11), we obtain a first-order dif-
ferentialrequation for H(t):

- vw+m~+-«m HoRog®
4 Rk (At samd e mo-mmf s

The solution for equation (12) will be

(c* + mqauR) R
=T [’—-"‘*‘ :

X L 1g- Rw_mjv;,‘._& w,

If, in equation (13), we direct o toward infinity we obtain

i!’t‘o

sﬁmlio'f"- (14)

Here the following relacionship is used

ﬁm.%ﬂ-m__&:s.
a (& 4 ng,00,R,) R
Solution (14) is the solution for an ideal conductor [1i]. A com=

parison of solution (14) with solution (13) is shown in the draw-
ing. The value of oy is taken for copper at room temperature.

>
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The curve for 03 has the maximum. Thus, the solution is valid up
to certain values of compression of the cavity, from which it
follows that the approximate equation (11) is valid only for suf-
ficiently large values of oR.

In conclusion, I would 1like to acknowledge my graditude to
V. V. Lokhin for help in the work.
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