Interaction of Atoms and Electromagnetic Waves

Outline

- Review: Polarization and Dipoles
- Lorentz Oscillator Model of an Atom
- Dielectric constant and Refractive index
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2. The susceptibility relates the electric field to the
polarization in this form: P = ¢,y . E
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3. The refractive index can be written N —




Refractive Index: Waves in Materials

How do we get from molecules/charges and fields to index of refraction ?
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Index of Refraction

VA = v, =c¢/n
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frequency wavelength
When propagating in a material,
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Incident Solar Radiation

Spectral Irradiance (W/m2/nm)
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Image created by Robert A. Rohde / Global Warming Art. Used with permission.

How do we introduce

propagation through a

medium (atmosphere)
into Maxwell’s

Equations?



Microscopic Description of Dielectric Constant

small
Y amount
el
- e Pt of charge
o~ N ’ AN moved by
/ \ / !
-/ \ - / v\ fieldE
I + + \ / + + \‘
-1 +@+ - 4461 +@+ : —0
\ +o+ ; \ +o+
\ / \ /
\ / \ /
N S \ S
\\\__,// \\\~_”/ —
- — _ < E
NO external [ field =
// \\\
/ \
/ Nucleus
Electron dQ.QSLQQo |
“ H bR
\'spring Il
\ /
\\ /
\\N —’//
Density of dipoles... Electric field polarizes molecules...

— —

ﬁ — Nox ... equivalent to ... P = GOXeE



Lorentz Oscillator

Lorentz was a late nineteenth century physicist, and quantum mechanics had not yet been
discovered. However, he did understand the results of classical mechanics and
electromagnetic theory. Therefore, he described the problem of atom-field interactions in
these terms. Lorentz thought of an atom as a mass ( the nucleus ) connected to another
smaller mass ( the electron ) by a spring. The spring would be set into motion by an
electric field interacting with the charge of the electron. The field would either repel or
attract the electron which would result in either compressing or stretching the spring.
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Lorentz was not positing the existence of
a physical spring connecting the electron to an atom; however, he
did postulate that the force binding the two could be described

by Hooke's Law:
F(y) = —ksy

where vy is the displacement from equilibrium. If Lorentz's system
comes into contact with an electric field, then the electron will
simply be displaced from equilibrium. The oscillating electric
field of the electromagnetic wave will set the electron into
harmonic motion. The effect of the magnetic field can be
omitted because it is miniscule compared to the electric field.

Image in pblic domain
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Springs have a resonant frequency

, d?y
Hooke’s Law mo g = —ky
d?y kK
a2~ m’
. . k k
Solution ¥(t) = Asin(ty/ —) + Bcos(ty] —)
m m
- -
So we can write: w2 = — m k= mw?



Microscopic Description of Dielectric Constant
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Solution using complex variables

Lets plug-in the expressions forEy and Y
into the differential equation from slide 9:
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Oscillator Resonance
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Driven harmonic oscillator: Amplitude and Phase depend on frequency
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Polarization

Since charge displacement, vy, is directly related to polarization, P, of our material
we can then rewrite the differential equation:

D=¢E+P A
For linear polarization in gy direction
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Dielectric Constant from the Lorentz Model
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Microscopic Lorentz Oscillator Model
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Real and imaginary parts
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Microwave ovens usually operate at 2.45 GHz
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Complex Refractive Index
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Absorption Coefficient
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Absorption Refractive
index
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Absorption

E(t, Z) _ Re{Eoe—az/Zej(wt—konz)}
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Absorption Refractive
coefficient index

I(z) = I,e~** Beer-Lambert Law or Beer’s Law
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