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Study on Heterogeneous Magnetization of Slender Cylinders
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Abstract It is generally considered that slender cylindrical homogeneous medium is uniformly magnetized in
the uniform external magnetic field. But tests from near distance prove that the axial direction of the medium is
non-uniformly magnetized. The slender body is a kind of ubiquitous object, whose non-uniform magnetization
characteristics are very important for tests from near distance. Tests in this area have practical significance.
Equations for the magnetization of a cylinder are established from the viewpoint of surface & body magnetic charge,
and the magnetization curve is obtained by solving the equations. The calculated results of field strength from the
curves are in good agreement with the experimental data. The result and method for calculating the magnetization
curve of a cylinder has not been reported in previous literature.

Key words

0 518§

A SCHR N A 24 ST BR A TSR 1 20 I R A A
TEX 5] SN Sy R e K S WG o SCRRT LI T Al i 2
SJREACHIZEE T, M RREIE 22390 gt A 73R 1 3 i
IBEE N THIETE o SCHR[2] A BIFFE F 2% B AT (A A 19
PR A, X5 T U HAh X ST i Ak o A SChikeR
A TE Ut R (REERIE ) B 00 T PR A
REL SIGAL , AL (A AR R PR 5~ FUZ I UE, JFAS

ek HIW . 2012-12-05

cylinder; demagnetizing field; non-uniform magnetization; magnetization intensity

S TS T SCN BENTE . B LLSCHR[3TAIT4182 1[5
FEARRE AT ME s 10 SCRR[S PN BAE (AR fE A 1
PR DA BRI ok B0, TR AR R
JEE R ELAR AR 5 T BRAR A 1) A 1) 5 A9 1
AR B AE Al B S mE AL, R G 4R b TR
AP, RNJCIRREST, 755 W ThriE, b
Gyig o] B A T LA I T TR AR A R SR AL,
Frg AR R R AR AT, WA — A n iR
8T, JUILE RSO0 T MR R A e (A 1

TEF RIS KB (1946-), B3, BEFTOL, TENFHRABSER RGN EIT .



%2 4 KA, F:

tm K B AZARAE 39 8 BEALAR R ‘153 -

BRI T . SCHR 610 AR AT B R B B 6
PEIEATRFT, A5 T 24 KT 2.5 A B R
b, PAREARAR A R AR RS B . SR A TR
NG I 3 A AR 0175 R AP 1% D R A e

IR 55 R0 40 [0 A S8 A 4 U P S BT L AR
BEAYHLE BEAR, D R Al ) i AR S S mE AL R o i
PR AR 22—k oy g A B 2k, FEAR IS R
Pl B il e 1y ) PR R SR 758 ik, AT DA oA
5 2137 BE 25 10 0 o

N7 ) TAT o RIS B i SO D G i 1 B
SR G R A R B B 3K, AR RE AL R AR
FIIR w3 R A B B 55 — AR, DAL S 5 R
Y fiff ) R AT B WA AL B R 28, AR A ih T S A ) 4
FHRIG L5 R A

KA — B W AR TE AR, B ST RE AL
P G B B UG o B, X A oY B
P

1 HREH

1.1 ®Efe

BRRLAR N VT 2000 N REW; , WEWs 2 wE PR R
R Y — A /N, A DXl A K
To [F]— R W DX 358, PR I 1) e T B S HE D) (R R
H & REAL ), (AREWEZ R REAEHES 0 iR EL, %
WA E A, BIR R AL B R 0,

DL B AR AT 42, Y AR A T
SN, TR N A5 R () RERE AR RE 7 T FEVE T e 1n)
W3 ) S HES (I 1Ca)), PR PSS REE ) N
SH (ED+ . —#) HREMHE:, MEHHE. &Yk
AL, R YR R TCRE ST, AE PR B
+. —®Efs (1 (b)), FRMHEIRER

(31 | O | O { O | 5 | C
e — i P — *
= _#]=_+|=_sll n'ﬂ. + |- 4|

+

(a) REBRHESEHES (b) ZWL LW Bt — A
B 1 EEEHES A0S AY I
Magnetic domain arrangement and the appearance
of megnetic charges

Fig. 1

W1 (b)) PNEHS ERE T P, 2 [
FLARFNI AT S B B & /N, WA Ry P oy s o o
WIS/, HARE R85 o0 A, W5 | A s T
MGG O, A Q=P/S. Hh, S
) T AR o

5 A AV Al 1) JE S AT R A, T A Y 7 A
fr o FEARN B S HBUATC AV, KRBT BT AP
SIAREMIIREE o, B: o=AP/AV
1.2 HESHAEE

T RGBT B REA IR 2 CREAR T ) ARG Ak
FEEERIR/N ), BIARGALSREE M, B SR ik
TP R W A G R R R UNEE G A T P U ARG
AV, S TR RIREE . Y m, AR
HIC N BT A REWE R AR B S A, L M AR R G Ao
B, b E SOnT ek BT 1A 5

YL
AV

SCHRITI40 T REAGSRE M S REAT P 2Z 1A G R
AWMTAR
(”Mwm:—zlméP (1)

Hrp 8 B—MMERRM G, FXH0 NS S
R AE A G INDRIER

TR — 25 3 B AT R N Ay 2 R A G A i
JEZ KA

o

B2 EEAEARRLER
Fig.2 Test section in the cylinder
B SE 2 BTl ) A B B A AL, HRE
HEARBRNEO IS B (WL 2), B S,
REALSRIE M, 5 AT Sy, REALIRE M, 5 5B
RRAY 5 BONRREfT & AP . BT §, DI
Bery R M A st A (1), A
ﬁ M -dS=S(—M, + M,) = —AP
B

AP
(Ml_MZ):?:QV (2)



- 154 - BT HEFHKT LG %3 %

K, O, BERTHR R, SR 1 56 B WA oy 1R 4 %
ST A B A T R, A S 0 o B A T e B
Uit T AR5 B 2 2

Fi S B T AR e v T HL B EE AN
DNV 381) 2 i G i TR %

QEJT:_ (3)
el o X i A A S 1 45 5]
Oy =M (4)

W25 SR W] T TR SR SRR AR AR
AN m=LP, Hvp: L AR P ONREN SRS
R wdfoy St o B SE P bR DR v, Hify

m/V=M=P/S=0Q
K, SHWEMEE, TEAO=M .

VIRl x Jr i A R B 2 M (x), A . iih
L AE A NS HonT 5, (R 9 g 2 p 28 0 T
1 £ W o5 A R o T 2 B ( 4aXHE ) =REfksR B (4
XPAH ), i S Ab g gy 1o =i 2R BE R
1.3 WIS w3 E
1.3.1 & REAT

Mg PSP RERL ) R s R ey, S R o
TE r SR 58k b (r), A

h@):—Ll;;
Tr

i, ok AR,

TR S A A G A S Y e AR I 2
AR, T B4R T A AR LG A S
1.3.2  @adr Ao dn % B UK R 2K

WA P A A TE—A2F4h R B |,
5] ~F-ThT b A Ao TR % BE Q, A

P
Q_TER2

RE B L O s A BT BT o (DL IR
3), £ x il C & CAARl x ) PRAEMIRES R EE R B,
h {475 1) A e il ]

B FA A4, H bk (r,0), A

J~ j2n 1 erdrdH —Ql - x
_r06’°4n x)/ 2 R% + 12

W5 A

h=QF (x) (5)

s F(x)=o| 1o |5 &
2 R2 4+ 12

+X
A HEE .
F () QAR 1 JEE T
=A% x 1H] STRR R AL

RE, TRAT: ik

I

B3 HMAEHZEEFEHSEBEREE
Fig. 3 Schematic diagram of magnetic field intensity
generated by magnetic charge surface density

1.3.3  RERAT Aok 25 L TU#K & 2K
DI 2 WiilEe By o, g B AL, il
BN RS, R B Ny, R
R RN —A T . B AEC (2) AT LIS F]
B B A SE RN BE Q) U A% 7 F) B A 1 82
HO,IN o B il B S A RN x;
XP s Tk s by, AR (5) 153
0
h; :WVF(XI')

BEAN G BRI 3 Dk (14 358 A

h= Zﬁ%m‘ )=0,f(xAL)  (6)

y
iy

f(vaL) = i%F(xi)

i=1
WA IRFEE TR AL, TEA: Yim="5500%
B x R BTk R 2L
2 BaAXTHABRERES

WS B AR AR I S Ak, 5 245 B RE Ao B
MOERIm AR g, kRS T M TR



%2 4 KA, F:

tm K B AZARAE 39 8 BEALAR R ‘155 -

4, iy FEAL R AT A B R Ak o R 2R

B N B (F 4), %S B RIFRR N
Do~Dy.1o HJ5r G133 N+1AFUH, FRH dg~Aye

uﬁﬁh4&%ﬁﬁ&FQ WEALSRE M,
BREG A (n=0~N). 5% n Bt (D,) WIRRELGTH
ERREE Q,,(n=0~N-1),

T T WG AL 5 B i 2 02 i M, (n=0~N) B P
2H Al o

H,
h !
’ DO DI DZ Dn ‘ D\'-Z D\'-l
e B T
AK AI AZ A3 A An‘l A’\Z-Z A\I A\
B4 EBEHESIBETEE
Fig. 4 Section diagram of the cylinder
Kl 4. H, 25N, h ZiB#Y. hTht

Wi . IR FRE LG 3R B 45 6 )7 T B AT T R4
A A AR x A

RIS (5) — (6) 437 1 o AR 707 oS
RESHI TR, 5 SR BT BE X i SRR R T
WRZRECH Fy o 11T FUR Ao I Ay 3 2 AN 5 1 St i
T, A Ao T REATXT A B R b I TTER A O, F 5
Ay FRERTXT A BB B BT R Oy Fy o BB

D VR X 4 R B b0 B TTHR A By L STERERECH
£ #
hy = Oyt
TRfh
. N-1
h = OpFp + Z Oy fi; HOvFiy
7=0
WIEARX (2)-(3) A
Oy=—M,, Oy=My, QV/ =Mj _M‘/+1

T

_ N-l
h(l):_FioMoJfZ(fM fM,+1) HENM y
=0

W5 A

N-1

W =(=Fg + fi) M, + Z(‘f -1) +fij)M +
=
(_fi(N—l) +EN)MN
DB R K 4, B BRSO
WO =3 AM, (7)
Hrp
Ao ==Fo+fio» An=—Ffin-ntFy (8)
A@:_fun+@ (i=12...N-1)

R B AL I E AR (). BESRIE (H).
ik 3 (M) AT RF

M=yH
MH=h+H,, Hh hJ2iRWY, H, RNk
Y, TiA
by,
X
XA @ S AL iR G O RMREALSRE M, A
h = M“HO (9)
V4
Bl (7) 5 (9) BEIFLITRANIE KA
h(O)=A00M0+A01M1+”'+AONMN=%_HO
V4

M
WY = 4 oMy+ A4 M+ + AyMy =—-~H,
X

M
BN = Ay My + Ay M+ + Ay My =—2—H,,
X

HIEE)
1
(Aoo _;]Mo + Ay My +-o+ AyyMy =-H,

A oM, +(A11 —lel +-+ AWMy =-H,
X (10)

AyoM, + Ay M, +---+(ANN ——]MN =-H,

By



- 156 - FHEEGKT LS %3 %

AM =C (11)
T
M=A4"'C
3 WARKEHFEELEE &

IS5 a0 B AR K L =0.8m , 242
R=0.01m , @fb% y=10000, HMEGEIE H, =
300 A/m , BN BRS80Sy, B
BRSO R, 51 HE 7 R 2H 0T SR A5 3 g A s R it 2k
(FES), THAAR B SR 24 Am’,

MI(A-m)

50000 100000 150000

(=)

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 75 81

5 MKEERRL LR fh 2k

Fig. 5 Magnetization curve of slender cylinder
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