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Mathematical tools that we will exploit today
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Fields at boundaries

Let us consider nonhomogeneous media, so that constitutive relations may change as a function
of space.

Let us suppose that this change is abrupt across space, that is, we have two media of different
characteristics separated by a smooth surface.

The solutions of Maxwell equations can be obtained in both the two regions: matching conditions
are needed on the boundaries.
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Fields at boundaries

Integral form

(cvfdc‘e’(it)-é:—%J;J.dSB(F,t)-ﬁ
Jdeh(Fr)- =L [[dsd(F,r)-i+ [ ds T (F.0)-f
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Fields at boundaries

When a localized charge distribution is present
over the boundary, so that pis infinite there
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Fields at boundaries

Integral form
e N\ A d ~ .
(r,t)-c:—EJ.SJ.dSb(r,t)-n
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Fields at boundaries

Integral form
qidc—e'(f,z)-é=—ijd55(f,t)-ﬁ
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Fields at boundaries

Integral form

(q.)dc‘e’(F,t)-é:—iﬂdSB(F,t)-ﬁ

Current density equation (az _ al ) h=p
S

C.g)dSJ ‘611(”_0
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Fields at boundaries

Integral form
qidc—e'(f,z)-é=—ijd55(f,t)-ﬁ

Current density equation (az _ al ) h=p
S

@de(F,t)-ﬁ+%Jdep(f’,t) (]
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Fields at boundaries

Integral form
e N\ A d ~ .
(r,t)-c:—EJ.SJ.dSb(r,t)-n

—

(q.)dce
C
quch
(

(7.1) & :% [[asa(e)-a+ [[as (o)

Current density equation

@dsj(f,t)-m%jﬂdrfp(f,t) (]

\ ¥ T (b,-b,) -7 =0
(JZ_J1)°n__E
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Fields at boundaries

Integral form (d,~d,)-f=p,

t=nxs

Scﬁdcé(F,t)-é=—%LdeE(F,t)-ﬁ
[Sfdcﬁ(i‘,t)-é =%Ldeﬁ(i‘,t)-ﬁ+Lde}(F,t)-ﬁ
fpdsd(r.¢)-f=[[[avp(F,)

S 4

fpdsn(¥,)-h=0
L S
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Fields at boundaries

When a localized current is present over
the boundary, so that j is infinite there
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Fields at boundaries
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Fields at boundaries
Integral form
Scﬁdcé(F,t)-é=—%LdeE(F,t)-ﬁ
[Sfdcﬁ(i‘,t)-é =%Ldeﬁ(i‘,t)-ﬁ+Lde}(F,t)-ﬁ
fpdsd(r.¢)-f=[[[avp(F,)

Al — 0
When a localized current is present over
the boundary, so thatj is infinite there
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Fields at boundaries
Integral form
gCSdcé(F,t)-é=—%Lde5(F,t)-ﬁ
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Al — 0
When a localized current is present over
the boundary, so thatj is infinite there
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Fields at boundaries
Integral form
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Al — 0
When a localized current is present over
the boundary, so thatj is infinite there
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Fields at boundaries

Integral form

@_Sdch :—Hde n+j_'dsj(f,z)-ﬁ
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Fields at boundaries

(b,~b,)-2=0
(32_3:1)'132—8(';?
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Fields at boundaries

One example: the medium 1 is a PEC

(BZ—BI n=0
(]2 jl)°ﬁ:_%
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Fields at boundaries

One example: the medium 1 is a PEC

nx(e,—¢)=0
ﬁx(lﬂlz—lﬁll)zés
(az _al n=p,
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nxe,=0
nxh, = j
d, -n=p
b, -n=0
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