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Will use Ampere’s circuital law and Gauss’s law to derive normal and
tangential boundary conditions for magnetostatics.

medium 1
HdL = | ‘ e
SR Hy, \ Path 1
H a5 < - Ah/2
ar \g 83

The current enclosed by the path is H, i |} anvz
Hy, d cureg  ©

e = | KAW = KAw. - seton?

We can break up the circulation of H into four integrals:

[]jH[ul_ - i+j +i +j(H[bIL) —KAW.

b gi=atd

b Aw
Path 1: [HOHL =[ H,a,[dla, = H ,Aw.
a 0

c 0 —-Ah/2 Ah
Path2: [HHL = | Ha/0la,+ | HNZaN[talLaN=—(HN1+HN2)7
b 0

Ah/2
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~ Paths: jH[bIL :j H a [dla, =—H_Aw.

Ah/2 th
Path 4: jH[dl_ jH a[dLa+jHa[d|_a =(Hy i)

—Ah/2

Now combining our results (i.e., Path 1 + Path 2 + Path 3 + Path 4), we obtain
ACL: [fJHEL =1,

mH[dL:(HTl—HTZ)Aw <P | :jKdW = KAw

1 Equating

Hy,-H;, =K

A more general expression for the first magnetostatic boundary
condition can be written as

x(Hl—HZ):K

where a,, is a unit vector normal going from media 2 to media 1.
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If the surface current density K = 0, we get
fK=0

Do A Y medium 1
H. ,-H, =K nip H_=H_, - iu

The tangential magnetic field intensity is
continuous across the boundary when the
surface current density is zero.

B
We know that B=pu pH (or) H=——
Ho My

Using the above relation, we obtain

B B
Hy =Hq, > -

IUOIul luotuz
Therefore, we can say that BB

The tangential component of the magnetic flux density B is not continuous
across the boundary.
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To find the second boundary condition, we center a Gaussian pillbox
across the interface as shown in Figure.

We can shrink Ah such that the flux out of the side of the pillbox is
negligible. Then we have

|BUS = [ B,,a,[dsa, + | B,,a,MS(-a,)
=(B,, — By,)AS =0.

BB

N1 N2 [




medium 1
BNl = BNZ A H

By aNT

Thus, we see that the normal component of the
magnetic flux density must be continuous across
the boundary.

N2

We know that B = ﬂoﬂrH

Using the above relation, we obtain

BNl = BNZ I ,UoﬂlH N1 — NoNzHNz

Therefore, we can say that H, # H,

The normal component of the magnetic field intensity is not continuous
across the boundary (but the magnetic flux density is continuous).
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Example 3.11: The magnetic field intensity is given as H, = 6a, + 2a, + 3a,
(A/m) in a medium with p; = 6000 that exists for z < 0. We want to find H, in

a medium with p., = 3000 for z >0.

H,
Hy, H,
HTI HN2
1= 6000 H e = 3000
H, =6a, +2ay +3a, A/m|(g) H, = 6a, +2ay, +6a, A/nf
(a) Hy, =3a, () Hy, =By, /#,044,= 62,

(b) H,, =6a, +2ay

(d) By, =t . Hy,
~18.000a,

(¢) H,,=H, =6a,+2ay
(e) B,,=B,,=18,000a,

Step (a) and (b): The first step is to break H, into its normal component (a) and

its tangential component (b).

Step (c): With no current at the interface, the tangential component is the same

on both sides of the boundary.

Step (d): Next, we find B; by multiplying Hy, by the permeability in medium 1.
Step (e): This normal component B is the same on both sides of the boundary.
Step (f): Then we can find Hy, by dividing B, by the permeability of medium 2.
Step (g): The last step is to sum the fields .




