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COMPRESSION OF A MAGNETIC FIELD BY A SHELL WITH CONSTANT CONDUCTIVITY

Ae Yes Kulago

§1. Statement of the problem and its solution by the integral
transformation method. Ya. P. Terletskiy [ 1] was the first to suggest
obtaining super-strong magnetic fields by compressing the field.
Fields on the order of 107 G were obtained in experiments [2, 3]
based on this method. The plane problem of the compression of a
magnetic field wvithout consideration of displacement currents was
golved in [4~6 ). The authors of [7] considered the diffusion of a
magnetic field into a plate and a shell during the movement of the
melting Zone of the metal. The plame and axisyssetrical probleas for

a perfectly-conductive boundat)‘mmhd by I. M. Rutkevich with

SREPSER

prm—




" . " s T

DoC = 0236 PAGE 2

consideration of the displacement currents [8]. The problem of the
- , compression of a magnetic field by a cylimdrical shell vith finite
conductivity is solved in this report without consideration of the

displacement currents.

We will comsider a cylindrical cavity whose initial radius Ry is
coapressed at rate‘;. Region D, is considered to be infinite. At the
initial point in time t = 0 the magnetic field was homogeneous, H =
Hg in the cavity (region D;), and H = 0 in the conductor (regiom D,).
The electrical field E was absent at t = 0, and at the center of the

Elane

,’.o-o. : ? (1§

In this case, the eguations for H and E are:

-tlf--‘L—‘}. dvl =0, divB=0, 16D, 4D *»
ni--ﬁ--%. . | -

nas, | o : :
ol 00 AR S PR

T=e [’-{--:‘:x 3]. 28

We will use cylindrical coordinate systea r, ¢, 2. The z-axis is
the azis of syassetry of the given probles. Vector ?un have the
coaponent w,¢, % F-8,0, 0 asd T-e-s without consideriag the
displacesent currents and keeping in mind that j!Q' wve can

! U S —— TS pe————— ST TR SR L SRS S T R S
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consider the field H, tc be homogeneous in Dy¢ i.e., a._: H(t) .

®he conditions of the conjugation cf the sclutions on the

interface of regions D, and D, will be

Ely =Ely,. Hy =Hy.

ize., the magnetic and electrical field on the interface is
continuous. Integratiang the first egquation of systeam (2) fromr = 0
tor = R, where h&—f-ua. and comsidering (1), ve will have

-‘-‘gﬁ-—u-w. (L)

vhere H is the field in cavity D, and E is the electrical field on
the interface y. Since the diffusiop rate of 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
statipnary conductor, considering R = R(t®) to Le constant at this
stage. We will recalculate E and H for a mobile conductor from the

known formulaa:

Fad Fel+lixh,

vhere the prime designates the moving coordinate systea.

. o -
S —— ‘W
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We will find E and H in Dy. In order to do this, we will use the

integral Laplace transforms:

He. ﬂ-ii".h ne, Ev.n=- If"’l&. Q‘

Using equations (2) and (4) and disregarding the displaceaent

curreats, we vill have

The solution to equation (7) will be

He, .-‘“'0“- ),

vhere Y, is the Weber function with the zero subscript, approaching

zero at infinity,

4x0
'-"-

e will find function A(p) from the boundary condition as follows.

Let

Ne.nele. 0 AgRT0

Then [9)
By 0= ’ Ae—afr. as.
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and at r = R, on the boundary

AR - j h-a»!;u. o .

Beferring again to the representations, we will have

”‘.' »-‘“Yo(‘o no
vhere

HR . pD=EHY).
Then

H{, p=H(R,

Yolar)
LA

Using the kncw¥n operational analysis theorems [9]:

AQ , A® NV Ay
wo 10t L

mcgqﬁ#—}jm-dhﬁﬁ

where A(p), B(P) are polynomials for p, we will find
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He, o.-. -—}jum[n +:2 Ma”‘"’""];

Yiiwd

vhere # is the root of Y.@=0, lh-q-'l/-‘—:'—r )’f—ﬁf. Y,«)-%’-._"{.

Here H(r, t) is the field in D, and H(t) is the field in D,.
If we disregard the displacement currents, magnetic field H is

the same for mobile and stationary conductors. The electrical field

for a stationary conductor is egqual to

Then

Using equations (5), (6) and (8), we will obtain the eguat ion for the
strength of the magnetic field in the cavity
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Integrating equation (9), we will have

[
b=l

- %
Hp=< -‘-'—;-‘9-2 AT W““‘a+$-§%m+%%. (0

Equation (10) is the integral Volterra equatione.

§2. uniform movement of interface. Limiting case of high

conductivity. We know [ 10] the following asymptctics for the roots:
«qt@k=—1)=.

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

and we will consider large values of o¢. We will assume that R = Ry =

vot. Here vy, = const. Them equation (10) assumes the fora

¢ !
(s H ()
Ho)= = s du+5

% .'_'&
0 H () du+ an

R R
Differentiating equation (11) by t and substituting .jl@ﬂ!‘ - from

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

first-order differential equation for H(t):

B T I N A 5 i o

A 5 A
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U“F'&HHP+4WwRﬂ~f+lwﬂrb s __HRpwt ™
RQOR® (* + %g,00,R) R (& +nqool) ' M

»

-
dt
The sclution to eguatiom (12) will be

&M[,_&,LM. )« s
(c* + ng,00,R,) R® R (¢ + ng100,Ry) 3)

If ¢ in egquation (13) approaches infinity, we will have

H=H, _’_!_._. (14)

Here we use the relationship

lim MW.RQ " R (¢* + 19,00R) o Re—R
G~ ol R (S + nqouRy) R

Solution (14) is the soluticn for a perfect conductor [1). The figure

shows a comparison of solution (14) with soluticn (13). The value of

¢y for copper at room temperature is used. The curve for o3 has a

saximum. Thus, the solution is correct up to specific values of the

compression of the cavity, whence it follows that the approximate

eguation (11) is only valid at sufficieptly large values of oR.

In closing, ve would like to thank Ve V. Lckhin for helping with
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the study.

Received 6 June 1970

NIIMekhaniki [Scientific Research Institute of Mechanics])

Summary

A. E. Kulago

COMPRESSION OF A MAGNETIC FIELD BY A SHELL OF CONSTANT CONDUCTIVITY

Equations are obtained for a magnetic field compressed by a cylindrical shell of

constant conductivity. Solutions are given in some particular cases.

Bibliography

. Lehner G. Limitations on magne

Tepaeuxun §. [1. Ilonyuenne ceepxcuabiux nosed nyreMm GHCTPOra CKATHA WpO-
lgnnulx o6osouex. KITO, 32, sun. ;, 1957. J

. Fowler C M, Garn W.B, Caird R. S. Production of very high magnetic

fields by implosion. «J. Appl. Phys.», 31, No. 3, 1960.

. Caxapos A. Jl. BapbiBoMariuTHnie reHepatopu. eYcnexu ¢u3, nayks, 88, Buin. 4,

4966,

2
3
4. Buuenxos E. M. Bansuwe xonewnofi nposOAMMOCTH WA NOAY4eHWE CHABNMX Mar-
5.
6
7
8.

HHTHHIX Noaell nyTeM GucTporo o6xarns nposoasuux obosouex. [IMTO, Mo 6, 1964,
Paton A, Millar W. Compression of magnetic field between two semi-infinite
slabs of constant conductivity, «J. Aprl. Phys.», 38, No. 4, |

064.
fc fields obtained by fiux — compression. «Nuc-
lear fusion», 4, 1964.

. Cemuenko B. B, Crenanos A B. O andpdysns HMNyAbCHHX CBEPXCHABHBIX

MaruuTHeiX noned. [IMTO, Ne 1, 1969.

. Pyrkennu H. M. 3Saextpomaruntioe nose s cxumawuwefics nosocth. [IMM, 31,

suwn. 3, 1967.

JNaspentnes M. A, Wla6ar B. B. Meroau Teopun Pyuxumfh KOMNAEKCHOM
epementoro, «Hayxa», M., 1965

n !
10.Barcou I H. Teopus Beccenesnx Gpynxuni, w. 1. M., HJ1, 1949,




DOC = 0236

Figure. KEY:

PAGE 9 ) O

(1) cmes~1, (2) Qecm™l. (3) s.

'c: ” -t Q]
¢ ;?5,‘-:?:’.%
d::',‘”':ﬂ‘:ﬂ'

i

T4
7,25 0""cex(9)

=




;;(_.1

DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

TR T A S G YR A 2 o

ORGANIZATION MICROFICHE ORGANIZATION MICROFICHE
A205 DMATC 1 E053 AF/INAKA

A210 DMAAC 2 EO017 AF/ RDXTR~W

B344 DIA/RDS-3C 8 E404 AEDC

; CO43 USAMIIA 1 E408 AFWL

; C509 BALLISTIC RES LABS ) E410 ADTC

: C510 AIR MOBILITY R&D 1 E413 ESD

LAB/FIO FTD
C513 PICATINNY ARSENAL CCN
C535 AVIATION SYs COMD TQIS
NIA/PHS
NICD

-
N WH N

591 FSTC
C619 MIA REDSTONE
D008 NISC

H300 USAICE (USAREUR)
PO05 ERDA

POS5 CIA/CRS/ADD/SD
NAVORDSTA (50L)

HE®HFFEWN

[

NASA/KSI

AFIT/LD 1

e e ————————

FTD-1ID(RS)T-0236~78







