1/28/13 Lecture outline

* Finish chapter 5, start chapter 6.

e Last time, £ = q_lfﬁ-dZ: —142 "and V x E = —%%—1?.

e Recall from before that a magnetic dipole m in an external B has Ugipole = —m - B.
This raises the question about magnetic fields doing no work. Indeed, the mechanical work
done to bring a current loop m into B balances the EMF needed to keep the current loop
going. Adding the work needed to keep B going, get Uspr = +m - B. Show it:

Bring current loop in from infinity, in the presence of a big coil, which makes Beoil.
Can instead treat the loop as fixed, and bring in the coil. Say ¥s0p = VioopZ, Then in time
dt, APoop = AloopOzB:Vioopdt, so € = —Aloopc_lﬁszvloop. This £ means that work is
required to keep the current I constant, AWe,,f100p = —IALE = +m0Oy B, Vi00p At, Where
m is the magnetic moment of the current loop. There is also the force we mentioned
before F = v(m - E) associated with moving a dipole in an inhomogeneous B, and
some mechanical work is required to push against that, AW,, = —md,B,vipdt. So
AWe 1oop + AW, = 0, as expected, from the fact that magnetic fields do no work on
microscopic particles, 7 (/X E) = 0. Likewise for the coil, AW, cou+AW,, = 0 (same AW,,
since the forces are equal and opposite). So AWyt = AWe j00p+ AW coit + AW, = =AW,
and Uppr = —U,, = +1m - B. More generally, writing dm = Idd/c, get
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Utot = —1 BQ(Tl) . dCLl = —1 AQ(T’l) . le
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Replace I dl — JdV and divide by half to avoid double counting
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Utot——/ VJ- A= dV(VxB)-A:§ dV B2,

e Another argument: AJ — AB — AFE, which oppose A.J, so work required,

AW:—At/dVJ E—Cft/dVE-(Vxé) At/dVB aB—A/dV—
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e Inductance: Ut = >, Uga + % Za;éb U,p, where

1 1 .
Ua = 5, v, - A, =5 [V / dv

and likewise for U,;,, but without the % Now Uit = % Zab Loyl 1y, with Ly, =~ Ciz f fd[
dZ’/|F—F"|. Note Lgp, = Lp,. Also flux through loop a from current in loop b is ®, = ¢L 1,
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so EMF is &, = —LguIp. Units: U = %LI2 in either set, so Ls; = *3~Lgau = ﬁLGau,

and Lgr is in Henry units, with 1Henry = % x 10 Gaussian units.

E.g. solenoid of length h, and n turns/length and radius R has B;, ~ 4mnl/c, so
U= [ B?/8r = 1LI?, with L = h(2mnR/c)>.

E.g. let R; be the radius of a small loop and Ry that of a big loop, which are
concentric and in a plane. Use ®, = cLy,[p: flux of the big loop’s I through the small one
is mR2(2m15)/cRs so the mutual inductance is Lis ~ 272R?/c?Ry (for Ry < Ry). Note

Ly5 = Lo, even though it isn’t obvious (because of the limit).



