Week 5: Static Magnetic Field

1. What is the source of magnetic field?

2.Which potential is used?

3.The governing equation in 2D symmetry.

4. Boundary conditions: Dirichlet, Neumann.
5.Calculated field Quantities: locals and integrals
6.Example: DC magnetic shielding.




Source of magnetic field

1. Current

~

e

2. Permanent Magnet




Starting from Maxwell’s equations

Integral Form Differential Form Conclusion

Gauss’ theorem

for magnetic
field

Magnetic field is created by

H-field circulation around a closed =~ Magnetic field is not
currents.

curve L is equal to free current conservative in areas _ ,
Ampere's Law through the surface S enclosed by L. where the current exists. Mag”eT'C sFaIar potential ¥
only exists in current-free areas
fﬂ-cu:l rotH = J
Material
Equation
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Which potential we use?
/ Electric Field \ f Magnetic Field in current-free region ﬂ

oD e .
rotE = — 6_B — 0 Electrostatic field is rotH = | + — Magnet'iilceld is conservative
. ot conservative ) N 0ot  Incurrent-free area y
Y Y
Scalar potential ¢ exists: E=-grad ¢ Scalar magnetic potential ¥ only exists
\_ | W kin current-free areas: H=-grad y -
r Magnetic Field everywhere —
divB = 0 Magnetic field is solenoidal
(divergent-free)
\ J
N

Vector magnetic potential A always exists:

\_ B=rotA )




What happens with vector potential in 2D ?

d

Only out-of-plane component

/ Magnetic Flux

B = rotA = <«

o

Stokes’
theorem

L
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Governing Equation of static magnetic tield

Poisson equation
(coordinate independent form
both 3D and 2D)

0 ( 1 0A> N d ( 1 6/1) — ]+ (chy _ chx) 2D in Cartesian coordinates (x, y)
Ox \py, 0x ) 0y \ iy 0y 0x dy (plane-parallel symmetry)

1 — - — —
rot(ﬁ rotA) = J + rotH, u=f (rotA)

I ( 1 a(rA)) + J ( 1 6(7"A)) = —] + (aHCV _ aHCZ) 2D in Cylindrical coordinates (r, z)
dr\ru, Or 0z \ry, 0z 0z dr / (axial symmetry)
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Magnetic boundary conditions

A=f (x,y) Plane Dirichlet Condition:
rd = f(x,y) the known magnetic potential A (or rA)

Axisymmetric (may depend on coordinates)

Neumann condition:
uon the known tangential H-field,
equal to surface current density

A= const & B, =0 Zero normal flux (superconductor):
A special type of Dirichlet condition
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Magnetic vs. electric boundary conditions
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Dirichlet Magnetic field
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Magnetic vs. electric boundary conditions

Electric field

Magnetic field

Dirichlet
Condition:

Electric field lines are normal
to a Dirichlet surface

‘ . k b [} L #

N
..W
S e s T S W W S S

Magnetic field lines are tangential
to a Dirichlet surface

@ am a a w A w wme e ol

Neumann
condition
(zero):

Electric field lines are tangential
to a Neumann surface

np D BB S A P
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Magnetic field lines are normal
to a Neumann surface
¥
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Calculation results

1. Locals

Magnetic flux density (B-Field): B = rotA

Magnetic field strength (H-Field): H =-B — H,
U
Magnetic energy density:
. . B-H
Linear material w = 5
B

Nonlinear material  y = %j H(B") dB’
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Energy

ﬂ
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Calculation results
2. Integrals

> 1
Mechanical force: F = if(H(B -n) + B(H-n) —n(H-B))ds
S

Mechanical torque: T = %SL([F XH](B-n) + [rxB](H-n) — [rxn](H-B))ds
S

Magneto-motive force (MMF): MMF = f H - dl

L

Flux Linkage: Y = %f A-ds
L
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Example: Lab 5 — DC Magnetic Shielding

Steel spherical shield
in uniform magnetic field B,

By=12.6 mT
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Sizing and material properties

Sizing:

Internal diameter 44 mm
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B,T H,A/m

0.206 150

0.445 250

0.600 350

0.685 450

0.745 550

0.800 650

0.840 750




/-uniform field boundary condition

( 19@rA) ) "
Bz = r or
B=rotA=<B ) 16(rA)>
CRT O 97
—
—
—
Choose as: #'A = 0'5V2BZO |
B,,=12.6|mT
Check it by differentiating:
1 a (%TZBZO) Axis of
B, = — = B rotation
z= or Z0 )

U

WEEK 5. MAGNETOSTATICS 15




/-uniform field boundary condition

Dirichlet boundary condition: ¥4 = 0.5r°B,,

As=(05"y"2 " 12.6e-3 (Wh)

[~ Iangential Field H, =o [aH, = o]
ol (/]

[T ZeroMormal Flux: B, =0

[™ Ewen Perindic: &g = Ay
[ Odd Periadic: &, = - &5

OK Cancel Help
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Shielding Factor

Field outside B,=12.6 mT

Air gap across the field
Field inside shield B;=0.807 mT

The shielding factor:
k =12.6/0.807 = 15.6

Air gap along the field
Field inside shield B,=0.758 mT

The shielding factor:
k =12.6/0.158 = 79.7
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