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COMPRESSION OF A MAGNETIC FIELD BY A SHELL OF CONSTANT CONDUCTIVITY

A. Ye. Kulago

Equations are ob tained for a magnet ic
field compressed by a cylindrical shell of
constant conduct ivity. 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 poss ibility of ob taining superstrong magnetic
fields through the compression of the field [1]. Fields on the

order of lO~ G were ob tained in experiments [2, 3J 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’J examined diffusion cf a magnetic field in a
plate and shell with the motion of the metal ’s melting zone. The

plane and axisymrnetrical prob lem for an ideally conduct ing boundary
with consideration of the bias currents was solved by I. M.

Rutkevich [8]. The prob lem of compress ing a magnetic field by a
cylindrical shell of finite conductivity without consideration of

bias currents is presented in this work .

Let us examine a cylindrical cavity with a radius R0 which is

compressed with a rate of ~~~. We will consider region D2 infinite.
At the initial point in time t = 0 the magnetic field was homo—
geneous H = H0 in the cavity (region D1) and H = 0 in the
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conductor (region D2). The electrical field E was absent with

t = 0 and in the center of the cavity

8(0. 4. V
~~~~4~

V V
~ (1) 

V

In this case the eqt~ations for H and E are the following

at — 
~~

. ~~~~~~~~~~ th~~i. Q~ 41y 2~ 0, ‘0 ~ + 0, (fl

..p 4~i.. . 1 ,

~~. r t n ——J + - ~-~~-j - .
rED,.

-. 1... i-. -.11_ 0 1.R+_ c_ v X f u I , , . . 
,

Let us use the cylindrical coordinate system r, •, z. The

z—axis is the axis of symmetry of this problem . The vector will

have the component ~~~~~~~~~ and v - Vr 
= v. Ignoring the

bias currer..ts and keeping in mind that div = 0, we can cons ider
the field H

~ 
homogeneous in D1, that is H

~ = H(t).

The conditions for the uniting of the solutions on the boundary

of regions D1 and D2 will be

that is the magnetic and electr ical field on the boundary is con-
tinuous. Integrating the first equation of system (2) from r = 0

to r = R , where 
~~ ~_L,. and considering (1) we ob tain

~~~~~ ~~~~~~~~ (6)

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 diffusior~ of the magnetic field in aH motionless conductor considering that . 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

~~, ~ _I++i;xI,..
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where the prime sign signifies the moving coordinate system .

We find E and H in D2. For this purpose we use the integral

Lap lace transforms

H c,,,,_1v
~

vHP . l%4m. zf r . rn.1~
v!0tt,44w’

Using equations (2) and (
~

) and disregarding the bias current s ,
we obtain

-~-++ ~~~~~~~~~~~~~~ (7)

The solution of equation (7) will be

H (r , p~- A(p) Y,(*. i).

where Y 0 — the Weber function of the zero index which tends to zero

at infinity,

~~~
—

We determine the function A(p) from the boundary condition in the

following manner. Let
N(r, mj~~~(r,I~, A(p~~ Ø

Then [9]

~~(‘

and on the boundary with r = R

~~(R. ~ I2(t~ *?.~
L 4~

,

Moving on again to the representations , we obtain

8(1. $~~A~~Y.(*. 1).

where

NIL

Then

Using the well—know n theorems for operations analysis [9J:
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where A( p), B(p) - polynomials for p, we find

I ‘.

Hfr, ~~~~~~j Hu~[1+2~~~ 
( R

4) .:
_
~j~

where — the roots of Y0(q ) = 0,

Here H(r , t) — the field in D2 and H(t) 
— the field in

D1.

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

Then

z ,..4
~.+S?I(~4E R(,~~.

’

~
;-*

~~
u_4

dU. (8

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

• 4
a + ~~ 

(9)
J sc ~~~~~~~~~~~~~~~ . ,

Integrating equation ( 9 )  we obtain

~~~~~~~~~~~~~~~~~~~~ ‘~~,p~~~~J!s&. (10)



Equation (10) is the Volterra integral equation .

§2. Uniform movement of the boundary . The limiting case for
great conductivity. The following asymptotics for the roots are
known fl~

Let us limit ourselves to one term of the series in equaiton (10)
and let us consider the great significance of a. We will consider
that R = R0 — v0t. Here v0 

— const . The equation (10) takes the
form

(11)

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

equation from equation (11), we obtain a first—order dif-

ferential equation for 1-1 (t):

~~~ +*~~~~~~~~~~~~~~~~~~~~~~~~ _ .

• ,
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:. “T~~~+~c~~~’ 
(12)

The solution for equation (12) will be

_ _ _  

(13)

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

(i)~)

Here the following ru acionship is used

ci’ + ~~~~~ -

Solution (14) is the solution for an ideal conductor [lJ. A corn—
parison of solution (14) with solution (13) is shown in the draw—
ing. The value of a1 is taken for copper at room temperature .
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The curve for 0
3 
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 conc lusion, I would like to acknowledge my graditude to
V. V. Lokhin for help in the work .

Bib liography

1. 1. pa a ~ at ~~ . 11. flony.sw.e cuep cJu~ aMa noaet ny~eu 6McrpOro c*arsc gpo.
iL~~~~~~y c6a~~~sx~ )K3TO. 88. sun. 2, 1961.

2. F o w l e  r C. M.. ‘ G a  r p W. B.. Ca I r d P.. L Production o~’ very bIg~ mqn.tl c
fields by mp&oslo~. 4. AppI. Pbys.a. 31, No. 3. 1960. . V . ‘

3. C a x a  p o~ A. IL Bapsmo~~ i~~~ .e rniepalupu. Ycneu ~~~~ RayK , 88, ~un. 4 ,

4. 5 H q e H K 0 B E. 14. BJJHB HHe goneqxo* npoBORHMOCTH H5 IlOJIy’IeHHe C&IIbJIUX Mar-
HHTh bix no.,e8 uy~eu Ouciporo o6 IcaTIm npoBoizsmax o6oj ioqex. flMTØ , là 6, 1964.

5. p a t on A.. M i l l a r  W. Compression of magnet ic field between two seini~inUn1*~slabs of constant conduct ivity. 4. AppI. Pbys.~, 35, No. 4, 1964.
~~ . L e h ii e r 0. Limitations on magnetic fields obtained by flux — compress ion. d’luc-

lear fusion, , 4, 1964.
7. Ce ~ 

q en a o B. B., C r  en a a o a A. B 0 .aad 4 yssia aMI1yJIbCItb~X CBepxcnJIbHMz
u arH am~~x noaet. 11MT~ , M 1, l~69. .

8. P y T K e B H ‘j H. M. 3JIexTpollaraalaoe noj ie B C~KIiMalOULe5CI UOJIOCTH. 11MM, 35.
BWI. 3. 1967.

9. J l a s p e n -r s e a  M. A.. W a~~ay .3. 8.. Me~Oiui ~ecpas ~yirxnn* abMfljjeWi (rO
nepe’ieaauro. ~Hayw, !.t, 1966.

I0 .Ba i co a  r.H. ~~~~~~~~~~~~~~~~~~~~~~~ 1. M., 1111,1949.

Received 6 June 1970 Scientific Research
Institute for
Mechanics

/;
ii 6._eQ Ii

6 

.~~~~V- . . .



r v~~~~~~””’~ UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (ITh.n Date Entered)

DED(’DT IRA ~~~iTATIAbi  DA ~~E READ INS TRU CTION S
i~ r ~~ u ~.um ~ ~~ BEFORE COMPLETING FORM

I REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECI PIENT ~S C A T A L O G  NUMBER

FTD—ID(RS)T—l50J4—77 ________________________
4. TITLE (~~td Subtitle) 5. TYP E OF REPORT & PERIOD COVERED

COMPRESSION OF A MAGNETIC FIELD BY A
SHELL OF CONSTANT CONDUCTIVITY Translation

6. PER FORMING ORG. REPORT NUMBER

7. AUTHOR(s) B. CONTRACT OR GRANT NUMBER(s )

A. Ye.  Kulago

9. PERFORMING O R G A N I Z A T I O N  NAME AND ADDRESS 10. PROGRAM ELEMENT . PROJECT , TASK
AR E A & WORK UNIT NUMBERS

Foreign Technology Division
Air Force Systems Comman d
U. S. Air Force 

_______________________

I I .  CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

1971
13. NUMBER OF PA GES

_____________________________________________________________ 

6

14. MONITORING AGENCY NAME & AD DRESS(If  differen t from Controlling Office) IS. SECURITY CLASS. (of this report)

UNCLASSIFIED
IS,. DECLASSIF ICAT I ON/DOWNGRADING

SC HEDULE

IS. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, if differen t from Report)

15. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide if necess ary ~ id idert ’itv by block number)

20. ABSTRACT (Continue on reverse side if necessa ry ,nd identify by block number)

20;09

DD 
~~~~~~~ 

1473 EDITION OF 1 NOV BS IS OBSOLETE UNC LASSIFIED
SECURITY CLASSIF ICAT ION OF THIS PAGE (lThen Data Rntered)



—U’

SECURITY CLASSIFICATION OF THIS PAG E(Wh .n Data Entered)

SE C U R I T Y  CLASSIF ICAT ION OF THIS PAGE(W hen Date Entered)



P. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—“——
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. .~~

DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION MtCROFI I~HE ORGANIZATION MICROFICHE

A205 DMATC 1 E053 AF/INAKA 1
P.210 DMAAC 2 E 017 AF / RDXTR—w 1
B314~ DIA/RDS 3C 8 E404 AEDC 1
C0143 us~r.iIIA I E408 AFWL 1
C509 BALLISTIC RES LABS 1 E 4 10 ADT C 1
C510 AIR MOBILITY R&D 1 E4].3 ES1) 2

LAB/FIO FTD
C513 PICATINNY ARSENAL 1 CCN 1
C535 AVIATION SYS COMD 1 ETID 3
C557 USAIIC 1 N I A / P H S  1
C591 FSTC 5 N I C D
c619 MIA RE DSTONE 1
D008 NISC 1
H300 USAI CE ( USAREUR ) i
P005 ERDA a.
P055 CIA/CBS/ADD/SD 1
NAVORDSTA (5oL) 1

NASA/KSI 1

AFIT/LD 1

FTD-ID (R S)T -1504-77


