Class 30 Magnetism
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If n = number of turns per unit length
. $ B-ds=B-L

Ampere’s Law: §>I§-d§=yolz> B-L=g, (nL)I
= B=u,nl

Note that B is proportional to the number of turns per unit length,
but not the total number of turns.
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N = Total number of turns

© Toroid

§ B-ds=B-2xr

Ampere’s Law:




From Class 6
Flux for curve surface

The electric field makes an angle
0; with the vector Azi, defined as
being normal to the surface

element.
The electric The electric The electric
fhux through flux through flux through
this area this area this area
element is clement 1s clement is
— — — neganve. 7ETO0. positive.
dd. =E-dA = |®.=| E-dA

For closed surface, surface vector is
positive when it is pointing outward.



Magnetic Flux for curve surface
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Figl.lI‘E 30.19 The magnetic
flux through an area element dA
18 B a'A = B dA cos 8, where dAh

a vector per pcndlu.lldl to the

surface.



Different Topology Between Electric and
Magnetic Fields
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Figure 30.22 The magnetic field lines of a bar mag- Figure 30.23 The clectric field lines surrounding
net form closed loops. (The dashed line represents an electric dipole begin on the positive charge and
the intersection of a closed surface with the page.) terminate on the negative charge.

There is no magnetic point charge.



Gauss’s Law for magnetic field

Since there is no magnetic point charge,

O, =0 or ﬁé-dA:O




Summary of Maxwell’s Equations so far

Maxwell’s 1t equation: (Gauss’s Law foe electric field)
o ﬁ E-dA=q,
Maxwell’s 2"d equation: (Gauss’s Law for magnetic field)
f B-dA=0
Maxwell’s 3 equation: (Ampere’s Law - incomplete)

$B-dS =,

Maxwell’s equations describe only the fields, it does not
include the effect of the field on charges or currents:

IEE :qE ~_ Notincluded in
g — 0

= Maxwell’s equations

xB (ordF, =1ds x B)
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Magnetic Field from Electrons in an Atom |

A charge particle possessing angular momentum will give rise to
magnetic moment. Magnetic moment is a vector in the same direction
(for positive charge) as the angular momentum.

H, = 1A

Magnetic moment is a result of
the circular motion of the
electrons, which can be
described by the angular
momentum.
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Quantization of angular momentum, spin, and magnetic moment

Spin of electrons can contribute to magnetic moment too.
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Fingl"E 30.25 Classical model of

a spinning electron. We can adopt
this model 1o remind ourselves that
electrons have an intrinsic angular
momentum. The model should not
be pushed oo far, however; it gives
an incorrect magnitude for the mag-
l'lﬂ.'["i{' mMoment, iH{'U!'rL‘{". E]F'l':l“ll”'ll
numbers, and too many degrees of

freedom.

For electron

Hs = _ES
m

Quantization of spin and angular
momentum:

L and S are quantized in units of h.
h=1.05x 1034 Js.

As a result, magnetic
momentum is also quantized, in
units of Bohr magnetron

u =M 9975107 JT*
2m



Paramagetism and Diagmagnetism

Paramagnetism:

If an atom has a net magnetic moment, it will display parammagnetic
property — the net moment will align with external field and create a
slightly stronger total field. This alignment process has to compete with
the thermal effect, which tends to randomize the alignment.

Diagmagnetism:

If an atom has no net magnetic moment (e.g. inert gas like He, Ar, Ne
etc.), it will display diamagnetic property — an external field will induce a
magnetic moment in opposite to the field direction and produce a slightly
weaker field. This is a result of the Faraday’s Law, which we will study in
the next two chapters.

In general, the diamagnetic effect is much weaker than the paramagnetic
effect.



Ferromagnetism

The individual magnetic moments in some

paramagnetic materials will align together
to form domains when the temperature is
below a critical temperature called Curie
Temperature.

In an unmagnetized substance,
the atomic magnetic dipoles are
randomly oriented.
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When an external field is applied, the
domains with moment in the field
direction will grow in size. The original
configuration may not be recovered after
the field is removed an a permanent
magnet is formed.

& -

As the field 1s made even stronger,
the domains with magnetic
moment vectors not aligned with
the external field become very
small.




