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CONPRESSION OF A NAGNETIC FIELD BY A SHELL WITH CONSTANT CONDUCTIVITY
I

A. Ye. Kulago

§1. Statement of the problem and its solution by the integral

transformation met hod. Ta. P. Terletskiy [1) was the first to suggest

obtaining super—strong magnet ic fields by compressing the field.

Fields on the order of 10’ C were obtained in experiments [2, 3]

based on this method. The plane problem of the compression of a

ma gnet ic f ield without consideration of displacement currents was

solvsd in (14—6 3. The authors of ( 7 ]  considered the diffusion of a

ma gnetic field int o a plate and a shell during the movemen t of the

..ltieg zone of the metal. Tb. plea. and azisymnetrical pr oblems for

a p.r f.ct ly—conductiv. boun dat ~ wre sslw d by I. M. inthev ich with

4 
- ~~~~~~- - 
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consideration of the displacement currents (8). The problem of the

- 

compression of a magnetic field by a cyli:adrical shell wit h finite
- 

conduc tivity is solved in this report without consideration of the

— 

. 

- displacement curre nts.

We will consider a cylindrical cavity whose initial radius R0 is
4-

- compressed at rate V. Reg ion D 2 is considered to be infinite.  At the

initial point in t ime t = 0 the magnetic field was homogen eous, H =

- H0 in the cavity (region D,), and H = 0 in the conductor (region D2).

The eLectrical field E was absent at t = 0, and at the center of the

ilane

- 10.0—0. - 
-

- 
In this case, the equations for H and E are:

JIt1lII_ +
~~~~~~

. dIvJ?-.O. dIv1~ $. ,Ip,+~~,,

- 
~ 

g ~~~~;

_

.
5 

vI*11_ -~-7++.
.
~
.. .

7—.[ 1+- ,- ex lj .  - .
.

We will use cylindrica l coordinat e syste. r, 0, z. The s— axi, is

the asia et sysastry of the givem pr obl~~~ Vector t will have the

...ps.ast i..~j ip, 4. and . -. a. .. ufthost c.sai~~tiag the

displacement currents and keeping in mind that ee can

_ _ _
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consider the field H2 to be homogeneous in D1, i.e., II~, -~ H( t ) .

The conditions of the conjugation of the solutions on the

interface of regions D1 and D2 will be

11, tl,~. “}v ”l’+’
£~e., the magnetic and electrical field on the interface is

continuoa.. Iat.qratiaq the first equation of system (2)  from r = 0

to r B, vA re N_l._111114d11. and considering (1), we will ha ve

where H is the field in cavity D1 and E is the electrical field on

the interface y. Since the diffusiop rate o~ the magnetic field is

considerably higher than the rate of movement of the interface, we

will solve the problem of the diffusion of a magnetic field into a

stationary conductor, considering B = R(t’) to be constant at this

stage. We will recalculate E and H for a mobile conductor from the

t own form ulae: ,...,, I—z++1;x~~.
where th. prime designate. th. moving coordinat, system.

—
~~ 
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We wi ll find E and H in D *. In order to do this, we will use the

integral Laplace transform:

Ø~ . If.

using equations (2) and (II) and disregarding the displaceeent

csrre.ts, we will have

~~~~~ I 4W 45.-
~~~-+-,

- 
~~~~~~~~~~~~~~~~ 

(7)

The solution to equation (7) will  be

1$’. m— 4 (~ Y.0. ‘).

wh.re 
~~ 0 is the Ws ber function with the zero subscript, approaching

zero at infinity,

4—
•~~

We will f ind fsmct i~ n 1(p) from the boundary condition as follows.

Let

l*.$’u~i4c.~ . A44*~~$.

Then (~~]

ip, ~~~~20- 4?.P. .

________________________________ -~~ — —-—-5 —5-—~~~~~~~~~
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an d at r = B, on the boundar y

~~~~

Re ferring again to the representations , we will  have

wher e

Then

Hfr.~~ — H(R, p)

Using the knc~n operational analysis theorems (9]:

_ _ _  
A~~)

p$(m l~c4 t~1
PlI

~
(
~S) -

:
1W
’

where 1(p) , B(p) are polynomials for p. we will f ind

_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Hf _ _ _ _ _

where • is the root of Y.(0—I. ha—q- i  ,

Here H(r ,  t) is the field in 0 2 and H( t )  is the field in D 1.

If we disregard the displacement currents, magnetic field H is

the sale for mobile and stationary conductors. The electrical field

for a stationary conductor is equal to

E _ — ~— .~~~- _ _ -’-- . --’- fn~io~~ 
r1(~1-~.) ~~~~~~~~~~~~~~~

4ao A 2*. 
~~

Then

a 
~~~~~~~~~~~ 

.

Using equations (5) , (6) and (8) . we will obtain the equat ion for the
- 

. 
strength of the magnet ic field in the cavity

• I
4 -

5— -— ----- -.— ,.- -5- - -5.
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ma ~~J R(lI~~~~~~~-•

Integrat in g equation (9) , we will have

“
~~~
“E +~

-
~~ ~~~~~~ 

-
~~~~

- 
~~~~~~~~~~~~~~~

‘
~~~~ ÷5 ~~~~~~~~

Eq uation (10) is the  integral Yolterra equation.

§2. Unifor m movement  of interface. Limi t ing  case of h igh

conduct iv i ty .  We know [10 ] the following asymptot ics for the  roots:

~~~ q1+ (h — I) *.

We will limit ourselves to one tern of the series in equation (10)

and we wil l consider large values of a. We wil l  assume tha t  B = B0 =

v0t. H r e  v~ coast. Then equation (10) assumes t~• fore

(IIi

Differentiating equation (11) by t and substitutinq from

equation (11) in the expression obtained, we will have the

- 
- fi rst— order differential  equation for 11(t) :

- -I
__________________ ________ _______ - ~
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The sciution to equation (12) iiill be

H - ~~ ~
‘ + ~~~~~~ 4 

~2 - + ~ ~~~~~~~~ 1 ~~~~(#+~~~~~#~~~R.)R L 1 •1 
~~~~~~~~~~~~ (13)

a in equat ion (13) approaches i n f i n i t y ,  we will ha ve

S 

H — H . —~~~~•-. 
(14)

Here we use the relationship

I u rn  mq1ov,R,
’ 
R. (c’ + *q1~fl~R)

a-.. R(c’+*q1ov,R.) H

Solutjo n (14) is the  solu t icn  for a perfect conductor [1]. The f igure

shows a comparison of solution (14) w i th  solutica (13) . The value of

•~ for cop per at r oom temperature  is used. The curve for a~, has a

•ax imum. Thus, the solution is correct up to specific values of the

compression of the cavi ty,  whence it follows tha t  the appr oximate

eq uation (11) is onl y valid at sufficiently large values of aR.

In closing, we would like to thank V.. V. Lokkin for helping with 

.-~
__
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the study.
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Su mnar y
A. E. k u l a g o

COMp*ESSION Of A MAGNETIC FIELD IV A SHELL Of CONSTANT COM)UCTIVITY
Equations are obtained for a magnetic field compressed by a cylin drical shell ofco nstant conductivity. Solutions are given In some particular cases.
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