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Chapter 9 : PLANE E. M. WAVES...
... AND PROPAGATION IN MATTER

* Waves in matter ; reflection and refraction ;
part 1

* Sections 9.2 and 9.3

Reflection and Refraction from a Dielectric
Interface

In either dielectric we have plane waves with om
frequency w. Recall the properties of plane
waves (Sec. 9.1.) Now all we need to do is sat-
isfy the four boundary conditions.

WT use a different and more difficult method
with Green’s functions. (See page 444.) /
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Be careful when referring to Wilcox and Thron,
because they use a bad notation.
In Sections 9.2 ~ 9.4 there are two regions.

Region | = the region of the incident and
reflected waves; WT calls this "region 2"

Region T = the region of the transmitted wave,

WT calls this "region I".

In the lecture, I'll use €, and €.
To compare to WT,

set €, = €, and €7 = €,
To compare to Jackson,

set €, = € and €, = €,.
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Interface = xy planem
Plane of incidence = xz planem
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Section 9.2: TE polarization . e
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Magnetic fields.
e of By Faraday’s Law, k X E-= (w/c) B ;
/ — also, w/k = Uppase = ¢/n;
4 . B=nkxE
y =n{-cost; E,,0, sinb; E, }

The TE waves are polarized with the

electric fields transverse to the plane of

incidence




Boundary conditions at the interface
(z=0)
*Etang. : Eo + Eo" = Ep’
* Dyormal : O + 0 =0
* Bhormal (z comp.) :
nysinb; ( E,+ E," )=nrsin 6; E,'
le, E,+E," =E,'
* Higng (x comp.):
(1/pp) npcos6; (E, — Ey")
= (1/ pur) nr cos 0; Eo'

ScTE2; scTE3; scTE4; scTES
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Section 9.3: TM polarization

= scTM1

577 x
L,

=T
Z,/“/ —>Zz

THha[avsg./-a‘ St wll
H=H e L E5-00)
¥ =00, rMe
T{'/=/,{éy e'&/-x—«af-)
Bl ot G
e #bl/" 1 CC% 2-—-407

E =ty &, +LY 6,

]7;— W’f M}’“‘ny( %

b = 4l ()
OO0 = 0O &w/ﬂmkcj

zf" x(“o"”: ='2»§L<H”/
by +3t =t (e s befon),
N cn-h'wo..; -8

& ks @D =2 Ly
Neto %’L”‘:%as‘g-:@&fﬂz-
ad clifio = 050,

Q’/
- (B e, (MFTH)AZ, 4

‘aves2a.0907.NB 11




- scTM3

Sedve (1) ond (2)
Net. : é’l:-—"—(v

n

4(’/ @_&: - Cosﬁ'b
Ha (M}‘bsa -}-( ,2—“}&‘
| 2y Eor

—

t (4‘21_4:5-4[— aa;é

244

- ’")T tos8," (}:.) %91&
H, 6_}.1)1_@9 4 (,f;: cos By
W 2y este

”'0 G%l}.a”; zp@mé

m6

FRESNEL’S EQUATIONS

For simplicity, assume pu; = ur = 1.
(This is a very reasonable assumption, physi-
cally. Why?)

TE waves have (9.79)
[ trans / Einc —
2 ny cos 6; / (nj cos 6; + ny cos 6;)

Ereﬂ/Einc —
(nj cos 6; — nr cos ;) / (ny cos 0; + nr cos 6;)

TM waves have (9.102)
P trans / B inc _
2 nr cos 6; / (nr cos 6; + ny cos 6;)

Breﬂ/Binc —
(nr cos 6; — ny cos 6;)/( nr cos 6; + ny cos 6;)
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Now plot graphs of some cases

bs = {FontFamily -» "Helvetica",
FontWeight - Bold, FontSize -» 24};
(* TE case; I = vacuum; T = glass )
nI=1; nT=1.5;
Bla_] =ArcSin[(nI/nT) *Sin[a]]l; (* Snell's law =x)
trans[a_] =
(2*nIxCos[a]) / (nNI*xCos[a] +nTxCos[B[a]]);
refl[a_] = (nNI*Cos[a] -nTxCos[B[a]]) /
(nI xCos[a] + nT*xCos[B[al]);
epi = {Line[{{0, 0}, {90, 0}}],
Text["transmitted", {20, 6.65}, {-1, 1}],
Text["reflected", {20, -0.5}, {-1, 1}]1};
plotTE =
Plot[{trans[ei xPi/180], refl[6i*xPi/180]},
{ei, 0, 90},
PlotRange -» {{-2, 92}, {-1.03, 1.03}},
PlotStyle -» {{Blue, Thickness[0.01]},
{Red, Thickness[0.01]}},
Frame -» True, FramelLabel »
{"©incident [deg]", "E/EO"},
BaseStyle » bs, ImageSize - 28 x4,

PlotLabel -» "TE polarization; air — glass",
Epilog - epi] // Rasterize

E/EO
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When light is incident from air into glass, the
reflected electric field wave undergoes a 180°
phase change. (What about the magnetic field
wave?) When light is incident from glass into
air, the reflected electric field wave has no
phase change. (Homework problem 3-7.)
(Recall Newton’s Rings; the central spot is
dark because of destructive interference.)
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- (* TM case; I = vacuum; T = glass x)
nI=1;nT=1.5;
Bla_] =ArcSin[(nI/nT) *Sin[a]]l; (* Snell's law =x)
transfa_] =
(2*nTxCos[a]) / (nNTxCos[a] +nI xCos[B[al]);
reflla_] = (nTxCos[a] -nIxCos[B[a]l]) /
(nTx*Cos[a] +nIxCos[B[al]);
epi = {Line[{{0, 0}, {90, 0}}],
Text["transmitted", {20, 1.0}, {-1, 1}],
Text["reflected", {20, 0.}, {-1, 1}]1};
plotTM =
Plot[{trans[ei xPi/180], refl[eixPi/180]},
{ei, 0, 90},
PlotRange » {{-2, 92}, {-1.03, 1.53}},
PlotStyle » {{Blue, Thickness[0.01]},
{Red, Thickness[0.01]}},
Frame -» True, FramelLabel »
{"Bincident [deg]", "B/BO"},
BaseStyle -» bs, ImageSize »2"8x4,
PlotLabel -» "TM polarization ; air — glass",
Epilog -» epi] // Rasterize

B/BO
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