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We define magnetic boundary conditions as the
conditions that H (or B) field must satisfy

at the boundary between two different media. We
make use of Gauss's law for magnetic fields

jEBﬂ'S:D

and ampere’s circuital law

%H-u’l=1



Consider the boundary between two magnetic
media 1 and 2, characterized, respectively, by nl
and p2 as in Figure. Applying above equations to
the pillbox (Gaussian surface)
of Figure and allowing Ak —0, we obtain
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B, A — By, AS = 0
Thus

BIf! = E_?.'r ur IL'I'|H|.'i' - FL’HEH

since B = pH. Equation shows that the normal
component of B is continuous at the boundary. It
also shows that the normal component of H is
discontinuous at the boundary; H undergoes
some change at the interface.



Similarly, we apply ampere’s law to the closed
path abcda of Figure below where surface current
K on the boundary 1s assumed normal to the

path. We obtain
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As Ah -0, eq. (8.42) leads to

Hy, = Hs =




This shows that the tangential component of H is
also discontinuous. Equation may be written in
terms of B as



BOUNDARY CONDITIONS

In the general case, eq. becomes

(H, - B X2~ K

where a,,, is a unit vector normal to the interface and is directed from medium 1 to
medium 2. If the boundary is free of current or the media are not conductors (for K is free
current density), K = 0 and eq. (8.43) becomes

) B, B
Hy=Hy| o —=-2
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Thus the tangential component of H is continuous while that of B is discontinuous at the

boundary.




BOUNDARY CONDITIONS

If the fields make an angle 8 with the normal to the interface, eq. | results in
E| EGSE] = Bln = Hg" = Bgﬂﬂﬂ-ﬂg

From the tangential condition

B, . B, .
;smﬂr =H,=Hy= Eﬁlﬂﬁg

Dividing above the equations

which is the law of refraction for magnetic flux lines at a boundary
with no surface current, ‘




NUMERICALS

Given that H, = —2a, + 6a, + 4a, A/m in region y — x — 2 = () where g, = 5p,, cal-
culate _

(a) M, and B,
(b) H; and B, inregion v — x — 2 = () where u; = 2,

Solution:

a unit vector normal to the plane is given by
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NUMERICALS

(a)

(b) H]ﬂ! == {H] - agla, = (—2,6,4) -

M, =xmH) =@, —1)H, =0 - 1)-2,6,4)
—8a, + 24a, + 16a, A/m

wH, = g Hy = 47 X m_?ﬁ}{—l 6, 4)
~12.57a, + 37.7a, + 25.13a, uWb/m®

(-1,1,0)| (—=1,1,0)

I T

= —4a, + 4a,

But

Hence,

H, =H, +H,,

HI! = HJ L Hht = {_2'- ﬁs 4} H {_41 4: n}
= 2a, + 2a, + 4a,




NUMERICALS

Using the boundary conditions, we have

H., = H, = 2a, + 2a, + 4d4a_
Bz__ = By, —* p-H,, = p,H,,
Or
H., — %H.q ~ S (—4a, + 4a,) = —10a, + 10a,
2
Thus
H; = H,, + Hy = —8a, + 12a, + d4a. A/m
and

B; = poH; = popoH, = (dx % 10 ') 2)(—8, 12, 4)
= —20.11a, + 30.16a, + 10.05a_ uWh/m"




NUMERICALS

The xv-plane serves as the interface between two different media. Medium 1 (7 < () is
filled with a material whose u, = 6. and medium 2 (z = 0)1s filled with a material whose

i, = 4. If the interface carries current (1/po) a, mA/m, and B, = 5a_ + 8a. mWhb/m", find
H, and B,.

Solution:

But




NUMERICALS

and

B, |
=—!=—"(Ba, + Ba, + Ba)mA/m

H, =
w6,

Having found the normal components, we can find the tangential components using
(Hy — Hy) xa,, =K
or

Hl pt d,,» — HI . A, + K

] 1 ]
—(Ba,+Ba + Ba)xXa = —(5a, + fa.) X a. + —a,

'E!I'-'r'u 4#1.1 Mo ‘




NUMERICALS

Equating components yields

—B, _ 5 ==
B, =0 e = + 1 or B, = i 1.5 (8.8.5)
B, = 1.5a, + 8a. mWb/m’
B, 1
H == — (025, + 1.33a) mA/m
2] M
and
1
H, = —(1.25a, + 2a.) mA/m

i

Note that Hy, is (l/p,) mA/m less than H,, due to the current sheet and also that
By, = B,




