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Force and Torque

B, (X)=B,(0)+X-VB, +--

F, = % £ | B (0) [ 9, (X)d*X + [ 3 (X)X -VBA*X + -+ |
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Hyperfine Splitting
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B and H
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V- Bmicro =0- 6 ) Bbmicro =0
Macroscopic Magnetization
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Magnetization Current Density

J, =VxM

?xézyo[jfreeJr?xl\ﬁ]

Magnetic Field H 15w
Ho

VxH =17, VxE =0

V-B=0 V-D=p,..

isotropic media B=uH
paramagnetic u/ u, =1+a few ppm
diamagnetic  u < u,

ferromagnetic (permanent) u >> pu,
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Boundary Conditions

- = e
B,-n=B,-N B, xn =~—=B,xn
y2%
TS 7 A ~ s
H, -n=-—H,-nN H,xni=H,xn

u, >> u, field almost normal to surface
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Magnetostatic Equations
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V.-B=0 VxH=1J
B

current Free

—_

H=-Vo, V-B|-Vd, =0
Y -[,uﬁCDM ] =0
V0, =0 forpiecewise constant u
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Hard Ferromagnets

Scalar Potential Solution
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B} 1 (VM (X)) o, 1 s
@ = — d3%'=—|[M (X’
w (X) 47zj X - X’ ” 47zj (X
O, (X)=-—% J'I\f()i,)d%*(’

A7 X — X

far away

) 1 (1) ¢ s opian, M-X
CDM(X):—EV(F)IM(X)d?’X -

.!effér%on Lab

Thomas Jefferson National Accelerator Facility
Physics 604 Electroma gnetic Theory |

@



o, =0-M

]_ -
O, (X)=-
M( ) Ar *
Vector Potential Solution
ﬁxﬁzﬁx(glyo—M):O

V' xM ()_(")
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VZA=-pu,d, A(x)=Lo
Hodw (X) 472'j

with surface term
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Uniformly Magnetized Sphere
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M=M,Z—> o, =M,cosé

1 ﬁ’l\ﬁ ()_(,) 1 dQ,COS@
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M( ) 47[.[ ‘)‘(’_)—(l 472-[& ‘)_(_)_("
2
®, (r,0)=0+ M2 < coso
3 r
inside sphere H, = 1 5 - 2140 \7
3 3
3
outside sphere @ ,, = M,a COS;H
3 r
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Alternate Calculations
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with vector potential
M xfi'= M, sin0'¢ = M, sin 0'(—sing'X+cosg'y)
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Sphere In External Field

3
H, = =B, - <M
Ho 3
Biin :/UI_Tm
BO+2ﬂo_ﬂ(i§0_lmj
3 U 3

N = 3 ( H— Hy j
Ho \ 4 —2u,
For ferromagnet use Hysteresis curve plus

Bbin + 2:uOI__iin — 3|§o
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