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Problem Set 6
Nonlinear Optics (NLO)

Due: June 28, 2017, 08:00 AM

1) Crystal Symmetry Classes and Susceptibility

In crystallography, by means of group theory, ajilstals can be classified according to their point
group. A crystallographic point group is a setyhmetry operations, such as rotations or reflestion
that leave a central point fixed while moving atamts position previously occupied by another atom
of the same kind, therefore leaving the crystahanged.

For crystals in 3-dimensional space, there ared@3iple point groups. Each of them corresponds to
one of the 32 “crystal classes”. An example of mpgroup is the so-called tetragonal-trapezoidal
group, also called Pin the Schoenflies notation, or 422 in the intdoval (Hermann—Mauguin)
notation. This point group belongs to the tetrag@ngstal system and therefore the crystal's Bravai
lattice is a cuboid with two equal dimensions whsrthe third dimension is shorter or longer than th
other two. The R point group of symmetry operations comprises rataby 2t/4 about one axisz(

and rotations by7#2 about the other two axesdndy), see Fig. 1.
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b Figure 1: Schematic representation
of the D, symmetry class with its
three angles and two- and four-fold
y axes of rotation (C,, Cy).
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In this problem set, we are going to look at tharietions that the Ppoint group imposes on the form
of the second-order nonlinear susceptibility tensor simplicity, we are going to analyze the cake
second-harmonic generation (SHG).

Let us consider a material with a second-order ineaf susceptibility tensory, ., where the

subscriptsq,r,sD{l, 2,:} denote the vector component of the polarizationthedelectric field. The
componeny of the polarization is then given by

1
|:>q = Eeo)(qrs E E.. 1)

where the Einstein summation convention is useithabindex repetition on the right hand side of the
equation indicates sum over these indices.

Now apply a symmetry operatidnto the entire configuratiorE( P, and the material), for example a
n/2 rotation. In general, the tensor describingrteer material has now changed. However, because of
crystal symmetryT leaves the material physically unchanged. Theepiszlity tensor can therefore

be replaced by the original susceptibility tendenents:
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Equation (2) can be further simplified by using timntracted notation_\’érzs) g dq| =)_((§fs) / 2, with
the matrix components; instead of the susceptibility tensor components:

Ero
=
P)(,Zw dll d12 13 dl4 d15 d16 EZ (3)
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2Ex,wa,w

For finding the implications of the symmetry on them of the matrixd; proceed as follows:

1. Complete the following tables that describe howdleenents in Eq. (3) change for each of the
three rotations described above. In the table/2'2" denotes a rotation byr22 about thex-
axis. The second column of the first table has lserady completed. (Hint: Use the matrix
expression for the rotation operations).
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Use Eg. (3), (4) and (5) to derive expressionsttierP’, ,, , P’ ,, and P’,,, components of the

polarization after the various rotations and corapghem to the original expressions before rotation.
Use the concept express by Eq. (2) to comparedétficdents associated with the various products of
the electric fields and find the constraints onnarix componentd;. Identify the non-zero elements
of the matrix.
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