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Monlinear Optics — light-matter interactions when material’s
response is a non-linear function of the applied electric-field.

For a nonlinear material, the electric polarization field will depend
on the electric fiela:
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response is a non-linear function of the applied electric-field.
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The i-th component for the vector P:
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x'”: n-th order electric susceptibility



Electro-optical Kerr effect

Polarizations in x and y directions are
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The DC field creates a refractive index difference between
the two polarizations given by
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The Kerr constant K of a medium is defined by
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Onptical Kerr effect

A strong wave at frequency w- changes the refractive index of a
weak probe wave at w,. The operative term in the polarization is
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which implies that the refractive index of the weak wave is
changed by
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Let's consider an electric field: E(t) = E(w)e ™ + c.c

P(w) = eoxVE(w)
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Let's consider an electric field: E(t) = F(w)e ! + c.c
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Let's consider an electric field: E(t) = E(w)e—™ + ¢.c

P(w) = eoxVE(w) + eoxPE(w)E0) + 3eox™® | E(w)|2E(w) + -
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Kerr effect; P(w) = egyv'VE(w) + Hf.n}im”fl[uﬂzf[m]l = enYeffE(w)

Define: yerr = x'Y + 3eny ™| E(w)]?.



Let's consider an electric field: E(t) = E{w)e T + c.c

P(w) = eaxVE(w) + eoxPE(w)E(0) + 3eax™ |E(w)|?E(w) + -
""_.H._r" I
zero field F'ﬂn:kel5 h’.er'r

Kerr effect: P(w) == eny'VE(w) + 3eox ! |E(w)|2E(w) = enxerE(w)

Define: yarr = ¥\ + 3eox™ | E(w)]?.

Refractive index of many materials: n = ny + N2 <E‘3>
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Magneto-optical Kerr effect

Magneto-optical Kerr effect (MOKE]): light reflected from a
magnetized material has a slightly rotated plane of polarization.

Transverse Longitudinal Palar

It is used in materials science research in devices such as the Kerr microscope, to
investigate the magnetization structure of materials.

Thanks to its high accuracy, high temporal and spatial resolution and very fast
response, the MOKE is a powerful method to study the magnetic properties of

ultrathin and multilayer films.



