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Magnetic Field Intensity

For free space:
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In the presence of a magnetic material:

J =VxM (A/m?*) < Equivalentvolume current density

—> iV><B:J+Jm:J+V><M
Hy
—>V><(B—M]:J —> H:E—M (A/m)
Ho Ho

- |VxH=J (A/m?)

— [ [(VxH)-ds=J-ds

— §CH-d|:jSJ-ds=| (A)

< Magnetic field intensity

< Ampére's circuital law



Example 6-6/6-8/6-13

For a uniform axial magnetization: M =a,M,
| — J, =Mxa; =(a,M,)xa, =a,M,
— J, =V'xM =0
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Relative Permeability

Magnetic susceptibility:
M=y H <« Forlinearand isotropic
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Behavior of Magnetic Materials

Classification of magnetic materials:
Diamagnetic: u, <1 (y,, is a very small negative number) — . ~ -107°

(bismuth, copper, lead, mercury, germanium, silver, gold,
diamond, etc.)
Paramagnetic: p. >1 (y,, is a very small positive number) = Xn ~ +107°

(aluminum, magnesium, titanium, tungsten, etc.)
Ferromagnetic: 1, >>1 (y., is a large positive number) — x, > 10°
(cobalt, nickel, iron, etc.)
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Magnetic Circuits (1)

Two basic equations for magnetostatics:
V-B=0
VxH=J

Magnetomotive force (mmf):
fH-dI=[J-ds =NI =7,
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Example 6-10: <« Fringing effect neglected
§H-dI=[J-ds=NI,
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— B; =B, =a,B; < Why?
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Magnetic Circuits (2)

Magnetic flux:
d = _LB -ds = BS
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0 (a) Magnetic circuit. (b) Electric circuit.

Analogous quantities: D Ch, el Ve i A e 58
- ey Difficulties of magnetic circuits:
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Magnetic Circuits Electric Circuits |
mmf, ¥, (=NI) emf, 7 1. Leakage ﬂUX
magnetic flux, ® electric current, [ | . .
reluctance, 4 resistance, R \ 2' Frlnglng effeCt
permeability, s conductivity, ¢ | 3 N . .
el . Nonlinearity: B/H .
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Magnetic Circuits (3)

Similarity to Kirchhoff’s voltage law:

£ + £,
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Similarity to Kirchhoff’s currentlaw: < V-J=0
V-B=0
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(a) Magnetic core with current-carrying windings (b) Magnetic circuit for loop analysis.
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