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REFLECTION AT NORMAL INCIDENCE (1) I

e Goal: Understand how to calculate the reflection coefficient at the interface
between two dielectrics in terms of the indexes of refraction

e For normal incidence (6; = 0°), the reflection coefficient of a plane wave is
independent of the wave’s polarization

> A reflected wave propagates back into the medium in which the incident

wave propagates

> The E and H fields of the reflected and transmitted waves can be found
by either of two methods:

o Brute-force analysis of the boundary conditions (physics method)
o Impedance analysis borrowed from transmission-line theory (EE method)
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REFLECTION AT NORMAL INCIDENCE (2) I

e Boundary conditions at a dielectric interface:

> Continuity of the normal components of D and B

> Continuity of the tangential components of E and H

e [ields:
> In medium 1, E=E, +E,
> In medium 2, E=E

e For a plane wave at normal incidence (6; = 0°), all of the fields are parallel
(tangential) to the interface
> The transmission-line approach is easy to justify and apply

> The transmission-line equations are really just integral forms of Maxwell’s
equations

> F; , is analogous to Vi 4, H;, = E; /7 is analogous to ) + = Vi 1/ Z),
n is analogous to Zy, L, , is analogous to Vi _, etc.
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REFLECTION AT NORMAL INCIDENCE (3) I
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e Boundary conditions:

>V and [ are continuous at the transmission-line interface
> E, and H, are continuous at the dielectric interface

e Voltage reflection coeflicient:

Ly — 24
p= Lo+ /1
e Electric-field reflection coefficient:
_772—771_7%2_7%1__712—711
et A et
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REFLECTION AT NORMAL INCIDENCE (4) I

e Power (and intensity) reflection coefficient:

2
pgz na — 1N
N9 + Ny

e Power (and intensity) transmission coefficient:

9 (ng — n1>2 477/1712

N9 + Ny (n2 + n1)2
> Example: Glass-air interface (n; = 1.0, ny = 1.5)
p? = 0.04
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REFLECTION AT OBLIQUE INCIDENCE (1) I

e For all angles of incidence except 0° (normal incidence), the reflection coef-
ficient of a plane wave depends on the wave’s polarization

> The useful orthogonal states of polarization for this situation are called
TE and TM

oIn TE (or L) polarization, the E field is perpendicular to the plane of
incidence

¢ The plane of incidence is the plane defined by the direction of the
incident field and the normal to the dielectric surface

o In TM (or ||) polarization, the E field is in the plane of incidence
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TM REFLECTION AT OBLIQUE INCIDENCE I
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REFLECTION AT OBLIQUE INCIDENCE (2) I

e Impedance analysis

> Apply to the tangential components of E and H

o The tangential components are continuous at a dielectric interface, like
V and [ in a transmission line

> In the medium from which the wave is incident, for the TM (||) case,

(the plane of incidence is the x — 2z plane)

> Reflection coefhicient for TM wave:
Zo)| — 41| macos b —m cosb;

Pl = Zo+ 21 1mpcost 4y cosb;
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e TE (L) case

> In the medium from which the wave is incident,

Ei Eras
Z11 = —H"y = H’ = 1y sec 0;
1,7 Yy
E
Zo | = —Ht’y = 1)2 5€C 0,
t,x

(the plane of incidence is the x — z plane)

> Reflection coefhicient for TE wave:
Zy — Z11 1psect — mpsect;

PL= Lo + 211 B 19 sec 0y 4+ 1y sec 0;
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e The normal to a dielectric interface and the incident ray define the plane
of incidence

> E components that are in (parallel to) the plane of incidence do not
interfere with field components that are perpendicular to the plane of
incidence

> Transmission and reflection coefficients:
2n1 cos 0, 2 sin 6, cos b;

= nycos@; +nycost;  sin(f; + ;) cos(6; — ;)
2nq cos b; ~ 2sin6; cos b;
T nycos@; +nycosf;  sin(6; + 6,)
N9 cos B; — ny cos 6, tan(0; — 6;)
Pl = " ngcosl; +nycosl;  tan(h; + 6,)
nq cos B; — ny cos 6, sin(6; — 0;)
PL = - =

" nycosl; +nycosf, sin(6; + 0;)
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e When 0, + 0; = w/2, the E component in the plane of incidence is not
reflected (p) = 0)

> A more usable formula for Brewster’s angle:
n
tanfpg = -
1
> At Brewster’s angle, the reflected light is fully polarized perpendicular to
the plane of incidence

o Polaroid sunglasses and camera filters
o End faces on lasers
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