Lect. 2: Light as EM Waves (Chap. 8 in Cheng)

In the beginning, God said

Material {g: permittivity

V x E = @ Parameters | ;;: permeability
ol
oy T, aD — 62E _ aZﬁ
F=7+L D) vE-wiE vii-
8f ’ng 82‘2 'ng al.Z
Ve e - P 3 9 B g"i Wave Equations
VeS3 =0 B = uH (source free, uniform medium)

Then, there was light!
=>» light propagation

= Maxwell’'s Equations
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Lect. 2: Light as EM Waves

Solutions for Wave Equations
02E

ot*

Guess £ = xE,cos(wt — kz2)

V2E = UE

V2E = ;(—/(Z)EO cos(wt — kz)
2
(;zf = xue(-a°)E, cos(wt — kz)

ue

Our guess is correct if A% = uew’

Or k = w4 ue
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Lect. 2: Light as EM Waves

How does it look?

E = xE, cos(wt — kz)

PE———

TN NV

— Moving to the right direction maintaining its shape = Wave
— The wave is periodic in space with periodicity 27/ k = A
— The wave is periodic in time with periodicity 27/@w =7 =1/F
A 1 1

K = w UE — = EM wave propagates with velocity of
/ UE vV HE
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Lect. 2: Light as EM Waves

Solutions for Wave Equations

0°E
ot?
More generally, £ = XEOe/(wz‘—/(z)

V2E = UE

VZE _ ;(_kZ )Eoe/'(a)l‘—/(z)

2E
ot?

— ;,ug(—a)z) Eoej(a)t—kz)

.'.k:a)\/E

= Plane—wave solutions

Uue

(exponential solutions, phasor notation, -
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Lect. 2: Light as EM Waves

How about H-field?

2E
ot?

It can be shown from Maxwell’s Equations,

ﬁ . ;H e/(a)z‘—kz)
_ 0

2 _ — (wt—kz)
V'E = ue E = xE,e’

Direction of &, H fields?
Direction of propagation?

Speed of propagation?

— =2 —pia) (3770 for vacuum)

HO &
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Lect. 2: Light as EM Waves

How does the plane—wave solution look like?

EM wave animation available at tera.yonsei.ac.kr
(Classes = any & XIJ|&t2 link = Demonstration of EM waves)
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Lect. 2: Light as EM Waves

When a wave is propagating into  Plane wave solutions

+z direction: alet-ka)
-Z direction: alet+i)
+y direction: gl(@t-ky)

Any direction? alotg=ikxg=IKyYo-ikz  _ i(et-keR)

Ez?kx erky +EkZ ﬁ:§x+§y+gz

‘k‘ . 2k : direction of propagation
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Lect. 2: Light as EM Waves

Polarization: Change of E—field direction with time

Linear Polarization E = (;EO +§Eo)ej“’tejkz

E, and E, In-phase

Optoelectronics (16/2) &) W.-Y. Choi



Lect. 2: Light as EM Waves

Circular Polarization

Ex and Ey out—of—phase Handedness?
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Lect. 2: Light as EM Waves

Elliptical Polarization
E-= (iE0 +§j2E0)ej“’teij

10
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Lect. 2: Light as EM Waves

— Homeworks: Due on 9/7 in the class

2

(1) Derive the wave equation V?£ = ue from the Maxwell Equations

1.2

(2) A uniform plane wave propagating in a dielectric medium has the E—field given as

E(t.z) = x2cos(10%¢ — %/;) + ysin(10%7 — //—)
z J

(a) What is the dielectric constant of the medium?
(b) What type of polarization does the wave have?
(c) What is the corresponding H—field?
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