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Dipole term for a loop
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Same direction as current

If m at origin and pointing up
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Magnetic Dipoles
m= 13’ A(r) = L (mx r +j By, (F) = ﬂ——(Zcos&r+sm 90)
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From a distance much greater than the current distribution’s size, the dipole term dominates

Torque for real current loop Change in energy Force for real qurrent loop

Boe AU =—[F,-dI, jF i, B

é:lg/ .7 IfRight Zj Frignt * Alrign TW 2 f 7

ext

\

<« =-2[(IL)B-¥dd ~ | Faan
E .. =-2[(IL)Bsing ¥ de =
N = |LBextWS|n 0 = —(ILw)B cos Q‘Z.f F |:nght +B|:(Ieft A(IISBRé;ﬂ(}t ) ILBLeft)
N’ — 15 % B’ ' = X+ AX)— Dbl X) .
ext AU — mB coS H‘Zf Fnet = ILAX AX X
dB . d(m-B),
F .. = IL(wcos Q)d—x ==K
In terms of dipole moment In terms of dipole moment |, tarms of dipole rT)1(oment X
N =mxB,, AU=-Am-B)  F=V(h B, )=mx(VxB,, )+ (m V),
Like for electric dipoles Like for electric dipoles Like for electric dipoles
N = pxE,, AU =-a(p-E) F=(p-V)E.,



IVlagnetic Dipoles
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From a distance much greater than the current distribution’s size, the dipole term dominates
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N = fixB,, AU =—-A(m-B) v(m-B,,)

Exercise: you have two magnetic dipoles; find the torque m, applies on m.,,.




IVlagnetic Dipoles
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From a distance much greater than the current distribution’s size, the dipole term dominates
N =mx Bext AU :_A(m'B) Ifzﬁ(m"gext)

Exercise: find the force on dipoles A, B, Cin and near a slab of uniform current

5 _ (11,9x)y  inside
(1,9a)y infront

Dipole C



IVlagnetic Dipoles

= = e mx [ S (7 H, M ~ : 2
= |3’ __ Mo B, () ==——12cos& +sin 66
m=l1a A(r)_M( - +) (1) =" rs( )
From a distance much greater than the current distribution’s size, the dipole term dominates
N :mXBext AU :_A(m'B) F :v(m'Bext)

Exercise: Force between two dipoles (read, “bar magnets”). What’s the force A exerts on B?

Dipole B «==_

Dipole A ﬁ_%

Considering ‘real’ dipoles (with real radii), roughly sketch the field and resulting forces on
the current loops



Atomic Dipoles

Angular momentum - dipole moment relation

Where there’s a circulation and charge, there’s current loop and magnetic moment
Consider a loop of electrons circulating
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Assuming a constant mass-to-charge ratio
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As the velocity is confined to point along the loop, we can rewrite as
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Assuming constant current  May recognize the integral
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Where there’s charge and angular momentum, there’s a magnetic dipole

Electron Spin and Orbit

Loy ®7 50 M=5-I ~9.3x107*Am?



Magnetic Field Effects on Atomic Dipoles

Disclaimer: we get only qualitative insight from considering current loops;
spinning and orbiting electrons aren’t really current loops

Twist (torque)
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Paramagnetism

Current loop would be torqued
toward alignment, thus decreasing
energy.

Zeeman Effect: in a pair of
opposite spin electrons, one will
be aligned with the field — lowered
energy, and one anti-aligned —
raised energy



Magnetic Field Effects on Atomic Dipoles

Disclaimer: we get only qualitative insight from considering current loops;
spinning and orbiting electrons aren’t really current loops
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Magnetic Field Effects on Atomic Dipoles
Better Derivation
Consider a charged particle moving in the presence of a magnetic field.

The ‘momentum’ in the particle + field system: Pgystem = Piin T Pigis = MVy + gA
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