Opti 501 Solutions Fall 2016

Problem 4.13) The bound current-density of the magnetic point-dipole mé(r)z is given by
Jj© UV x M(r) = ugv x [m8(x)8(»)8(2)2]

bound =

= (m/uo)[6(x)6'(¥)6(2)x — 8'(x)6(y)8(2)y1.

One way to solve for the H-field is to write Maxwell’s 2™ and 4™ equations, the only ones that
are relevant to magnetostatics, as follows:

EQ.(2): VXH(r) =Jfee +0D/0t =0 — ikx H(k) =0 - H(k)isa longitudinal field.
Eq.4): V-B(r)=0 - V-(uH+M)=0 - p,V-H@r)=-V-M()

- ipgk-H(k) = —ik-M(k) » pok-H(k)=—-k-m2z — H(k) = —(m/uy)k,k/k.
The function H(k) must now be inverse Fourier transformed to the space domain, as follows:

H(r) = FH{H(K)} = —(2m) 2 (m/po) [J”, (k. k/k) exp(ik - ) dk

=i (SHTHO) X % fff_oooo(k/kz) exp(ik-r) dk <—| k,exp(ik - 1) = —i(0/0z) exp(ik - 1) |

=i (SHT:HO) X %f}:o f:zo(k cos 8 /k?)# exp(ikr cos ) 2mk? sin 8 dOdk

=i (41;?#0) X % ::0 k# [f:zo sin 0 cos @ exp(ikr cos 8) df|dk

= j? (an:uo) X —fk o kP {[sin(kr) — kr cos(kr)]/(kr)?} dk <{Change of variable: x = kr|
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An alternative method of solving this problem involves writing Maxwell’s 2" and 4™ equations
as follows:

Eq.(4): V-B(r)=0 - ik-B(k)=0 - B(k)isatransverse field.
Eq.(2): VXxH(@)=0 - VX(uH+M)=VXxXM(r) - ikxB(k)=ikx M(k)
—» kxXxB(k)=kxmz - kx[kxXxB(k)]=kx(kxmz)
N [k/-g(*l{)ﬁlg —(k-k)B(k) =m(k-2)k—m(k-k)2 — B(k) = —(mk,/k*)k + mz.

Given that B(k) = uoH(k) + M(k) = uoH(k) + mz, we will have H(k) = —(m/uo)k,k/k,
which is the same result as obtained previously.




