PHY 712 Electrodynamics
9-9:50 AM MWF Olin 105
Plan for Lecture 39:
Special Topics in Electrodynamics:
» Optical properties of materials

 Brief introduction to non-linear,
optics
Ref. Robert W. Boyd, Nonlinear Optics

(material from that text used in lecture notes)
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@6 Frio 01ZN2018  Chap. 11 [Special relativity 218 032872018
27 [Mon: 03262018 [Chap. 11 Special relativity
28 [Wed: 03/28/2018 Chap. 14 Radiation from accelerated particles.
Fri 03/30v2018 Mo class Good Friday
29 Mon. 04002/2018  Chap. 14 Synchrotron radiation #13 04052018
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Up to now, we have considered electrodynamics as a linear
phenomenon. Maxwell’'s equations are linear equations.
However, for some light-matter interactions, light alters the
properties of the material and causes nonlinear effects.

Linear response (cgs Gaussian units)
P=4'E  D=E+47P=(l+47y')E
Nonlinear response

Pity=xVEO +xPE W+ xVE 0 +---

=P+ P00+ P20+
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Nonlinear response to time harmonic field:
E(ty = Ee ™ 4 c.c.
Py = x®F @
PO(t)=24EE" +(4PEe™ +cc))

x*

optical rectification ~ second harmonic
generation

Example Nd:YAG (Nd:Y3Al;0;,) laser has 2=1060 nm; a
nonlinear crystal can output A/2=530 nm.
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Ficure 1.2.1 (a) Geometry of second-harmonic generation. (b) Energy-level dia-
gram describing second-harmonic generation.
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Drude-like model of nonlinear response of electron of mass m:

Lifxh
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Fiume 14,1 Potentlal energy function for a noncentrosymmetric medium.

X427k + wjk + a¥ = —eE(t)/m.
Perturbation theory expansion:

F=x0 43P 459+
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Drude-like model -- continued
X427k + wjk + a¥ = —eE(t)/m.

PV 4+ 2y 5" + 2%V = —eE(t)/m,

i_f?!+2y}[2l+w‘§j[2r+a[it!]]z 0.

£(3) £ (3 5 (1) (!
42y + 2P 4 225 V5P = 0.

For E(1) = Ee™
< —eE /m o
20 o} - =2iwy
~a(eE/m)’
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Drude-like model -- continued
Solving for susceptibility:
POy = 2 (E()) =-NeF (1)

Ne* | m

O(@) =
Z @) o) - & - 2ioy

77 Q0)=

Naé® | m*
2

(“’5 -(2w) 721'(20));/)(0)5 - 721‘(0;/)2

Note that this analysis assumes that the crystal is asymmetric.
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Examples of nonlinear crystals

[Crysials 2017, 7, 93; do:10.3390/crystTOA0093 517 of 517
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