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Boundary Conditions

* Boundary conditions are the relations between the
electromagnetic field vectors on two sides of the interface
that separates the two media.

*These conditions are dictated by types of material by which
media are made of.

3/7/2013 Dr. Aparna Tripathi



Electrostatic Boundary Conditions

At any point on the boundary,

— the components of E; and E, tangential to the
boundary are equal

E, = E,

— the components of D, and D, normal to the
boundary are equal

Dln = D2n

3/7/2013 Dr. Aparna Tripathi




Magnetic Boundary Conditions

* The normal component of B, and B, continuous across a
Interface:

Bln = BZn

» The tangential component of a H; and H, to the
boundary are equal

H, = H,
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Reflection and Transmission of Waves at
Planar Interfaces

1. Reflection of uniform plane waves by perfect dielectric for

normal incidence. =0

medium 1 medium 2

Incident wave (i)

reflected wave (r)

A traveling E wave approaches the interface x=0 from region
1,x<0.

Ei and Er are at x=-0, while Et IS at x=+0
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Consider the case of plane em wave travelling in x direction and polarized iny

direction and is incident normally an the interface from left.

It give rise to a reflected wave which travels back to the left in medium 1 and

transmitted wave which continues on the right in medium 2.

Let (e,,1,) and (e,,u1,) are the dielectric m%d'ugn 1

permittivities and magnetic permeabilities of "k

two medium 1 and medium 2 at left and right Ei H

of the plane x=0. >
Incident wave

In this case E and H are tangential to the interface E, H,

<

The intrinsic impedance for medium 1 reflected wave

7= A X
&1

Theintrinsic impedance for medium 2
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& N
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(e2,15)

I Et, Ht



The electric ad magnetic fields associated with incident, reflected and transmitted em
waves are related as

E =ZH. 1
E =-ZH .2
E, =Z,H, .3

According to the boundary conditions at the interface for the continuity of tangential
components of E and H, the electric and magnetic fields on each side of the boundary
are same.

E+E =E, .4
H +H, =H, .5

fromeql,2and 3

E E,

.
— | — I —
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puttingthe value of H.,H ,H ineq5

E E_EB 6
Zl Zl ZZ

Putting the value of E, fromeq 4 in eq 6

L(E-g)-E2E)

Z Z,
E, (Zz _Zl): Er(zz + Zl)

E (Zz _Zl)
E. (Z2,+2,)

= R, = Reflection cofficient

for electric field intensity ....7
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Transmission cofficient for electric field intensity

E. E +E
TE :Et: |E- r
145y (2,-2))
E, (ZZ+ZI)
2/
T. = 2 ...
- (Z2,+2)

Similarly the reflection and transmission coefficient for magnetic field intensity H
IS obtained

Reflection cofficient for magnetic field intensity

R :Hr:_Er:(Zl_ZZ) | 9
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Transmission cofficient for magnetic field intensity

- _H _E/Z, ZE _Z
" H E/Z, Z,E. Z, ©

22,2, 22,
2,(2,+2,) (Z,+2,)

T, = .10

Eq (7),(8),(9) and (10) are valid for a boundary between any two materials
In general equations for E can be written as

Ei(x,t) =E. e "e'”4,

E.(x,t) =E e "e'™4,

E:(x,t) =E, e 7?el*4,

Hese/tays E,, and E,, are the eleatrigpbieldriptensities at x=0 and y,,y, are the
propagation constants in 15t and 2" medium



The equations for H can be written as
Hi(x,t) =H, e ™ e!”a

H.(x,t) =H, e ela

y

Yy

H:(x,t) =H e 72*el”a,

Here H,,, H,, and H,, are the magnetic field intensities at x=0

Intrinsic impedance for

for perfect dielectric

z= |2
E
for free space

7 = /ﬂ
€9
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Electrostatic Boundary Conditions

Consider a rectangular closed path abcda of infinitesimal area in the plane
normal to the boundary and with its side ab and cd parallel to and on either
side of th boundary.

Since the line integral | E.dI for closed path is zero.

Here considering the closed path abcd then
b C d a

fE-di=[E-di+[E-dl+[E-dl+[E-dI
a b C d

If theloop Is shrunk by lettingh — 0
then thepartsbc and ad are negligible

b d
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E,;, and E,, are components of electric field intensities then

§ E-dl = E, Al -E, Al =0
E, =E,

Hence any point on the boundary the components of E1 and E2 tangential to
the boundary are equal

If medium 1 is conductor then E; =0 then

E2t =0
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Boundary Conditions for Displacement vector D

Consider a cylindrical bax ABCD which intersect the two dielectric media
having permittivities €, and &,.

Supposing dS is the area of each plane and which is also the area of the
boundary enclosed by the cylinder.

Now the charge enclosed by cylinder will be p= cds

For finding the boundary conditions for D, apply Gauss’s law
Here cylinder will behave like Gaussian surface.

{D-ds:ods

= j D.ds + j D.ds + f D.ds

upper lower curved
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Let h— 0 then the curved path vanishes

IDds+ des jods

upper lower S
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