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Ampere’s Law
* Flowing current creates a magnetic
field

fH ol = [J-dA+ ij £ dA
C S d

* In magnetic systems, generally there
IS high current and low voltage (and
hence low electric field) and we can
approximate for low d/dt:

§H.drzjj-dA
S

* In words: the magnetic flux density
Integrated around any closed contour
equals the net current flowing through |
the surface bounded by the contour André-Marie Ampere
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Faraday’s Law
e A changing magnetic flux impinging on

a conductor creates an electric field Ty
and hence a current (eddy current) =~
- d e- - -—
5{>E-d| :——jB-dA
s dt . & e

* The electric field integrated around a
closed contour equals the net time-
varying magnetic flux density flowing
through the surface bound by the
contour

 |n a conductor, this electric field creates

a current by: J =0oF

Michael Faraday

 [nduction motors, brakes, etc.
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Gauss’ Magnetic Law

e Gauss' magnetic law says that the a A\\//B -
Integral of the magnetic flux density over
any closed surface Is zero, or:
§B-dA=0
e This law impliess that magnetic fields are Bg,lAa
due to electric currents and that B,A, =BA +B,A,

magnetic charges (“monopoles”) do not
exist.

* Note: similar form to KCL in circuits !
(We’'ll use this analogy later...)
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Carl Friedrich Gauss
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Gauss’ Law --- Continuity of Flux Lines

”_—‘\

Figure 3-13 Continuity of flux.
¢1 T ¢2 T ¢3 =0
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Finite-Element Analysis (FEA)

* Very useful tool for visualizing magnetic fields
 FEAIs often used to simulate and predict the performance
of motors, etc.

e Following we’ll see some 2-dimensional (2D) FEA results to
help explain Maxwell’'s equations
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Example 1. Circular Current Loop (Dipole)

e Circular loop is a dipole with dipole moment IA (I =
current, A = loop area)

H, E¢
”"Exyxf H,
V4
A._:*_'_#_____ ¢ -

10 _Msinﬂ
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Example 1. Field From Current Loop, NI =500 A-

Turns
e Coll radius R = 1"; plot from 2D finite-element analysis

7.810e-002 - »8.221e-002
7.399e-002 - 7.810e-002
6.988e-002 - 7.399e-002
6.577e-002 - 6.988e-002
6.166e-002 : 6.677e-002
5.755e-002 - 6.166e-002
5.343e-002 - 5.755e-002
4.932e-002 - 5.343e-002
4.621e-002 - 4.932e-002
4.110e-002 - 4.521e-002
3.699e-002 - 4.110e-002
3.288e-002 - 3.699e-002
2.877e-002 - 3.288e-002
2 466e-002 - 2.877e-002
2.055e-002 - 2.466e-002
1.644e-002 - 2.055e-002
1.233e-002 - 1.6442-002
§.221e-003 - 1.233e-002
4.110e-003 - 8.2212-003
«0.000e+000 - 4.110e-003

Density Plot: |B|. Tesla
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Example 2: Isolated Wire, Return Far Away

e This one is easily solved - _
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Example 3: Magnetic Dipole, 2D

 Wires are long into page
 What's the magnetic flux density B far away?

 Assume | = 15A; wire-wire spacing d = 10 mm; r,; .=2 mm

wire

Ff;ﬁ] + E?ﬁ
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Example 3: Magnetic Dipole, 2D

© M. T. Thompson, 2009

[3'-&_ ﬁ'-‘u.-{se.r pnirHu‘h

1T I-w-i_c.m'@ - g‘-c..bﬂ
™ ssume x> 4 (&:ar Awsan Lron wires)
~  MeL I I '
Q= -
Lo e -E'—-Cﬂ.fg [_ i_cgs =]
™ Zr
n.n.m‘eﬂlbtr
) ~ - f X<<|
V4 %

B Mol Zd —~ d J
%r{/’( £ ® E/Jrhcmel

& #N'NBI i‘ﬂm@ o~ _'HQICI" C.-soe'

JTI"r2

Magnetic Fields from Power Cables 11



Example 3: Magnetic Dipole, 2D
 Field r = 1 meter away (r >> d), radial component

18

~1e (s

Bn Tesla

Length nm
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Example 3: Magnetic Dipole, 2D
 Field r = 1 meter away, theta component

Bt, Tegsa

1 |
@] 1000 2000 IC a0 4000 |10 a0
Lengh nmm
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Example 4. Magnetic Quadrupole, 2D

e« Assume | = 15A;d =10 mm; r,;.=2 mm
 Note orientation of + and - currents

Ff;ﬁ] + .Ff?ﬁ]
(G
i-Z']]
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Example 4: Magnetic Quadrupole, 2D

3.047e-003 ; »3.207e-003
2.886e-003 : 3.047e-003
2.726e-003 : 2.886.-003
2.865e-003 : 2.726e-003
2.405e-003 : 2.565e-003
2.245e-003 : 2.405e-003
2.084e-003 : 2.245e-003
1.924e-003 : 2.084e-003
1.764e-003 : 1.924e-003
1.603e-003 : 1.764e-003
1.443e-003 : 1.603e-003
1.283e-003 : 1.443e-003
1.122e-003 : 1.283-003
9.621e-004 : 1.122e-003
5.017e-004 : 9.621.-004
6.414e-004 : 5.017e-004
4.810e-004 : 6.414e-004
3.207e-004 : 4.810e-004

1.603e-004 : 3,207 e-004
<3.669e-014 : 1.603e-004

Density Flat: [B], Tesla
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Example 4. Magnetic Quadrupole, 2D

 Field r = 1 meter away, radial component. Fields decay
as 1/r3

4=N0

Bn Tesla

S=010

22010

110

O_

=110

=220

Length mm
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Example 4. Magnetic Quadrupole, 2D

 Field r = 1 meter away, theta component. Fields decays
as 1/r3

4010

Bt Tesa

22010

22010
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O_
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-2=24010

Lengh mm
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Example 5. Twisted Pair

 Field r = 1 meter away, theta component. Fields decays

as ek
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AC Magnetic Shielding

* Flux density plots at DC and 60 Hz
« At 60 Hz, currents induced In plate via magnetic induction
create lift force

DC 60 Hz
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