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Figure 9.4 Classical description of Rayleigh (middle) and Raman (bottom) 
'd 11'- scattering. In both cases (top). an electron driven into oscillation by incident 
c, . tlI kJ radiation. [0. emits radiation whose component perpendicular to the incident 

beam may be detected as "scattered" light. [s. The Rayleigh component (middle) 
corresponds to natural vibration of the electron bound to the molecule . Tile 
(small-amplitude) vibration at frequency, ull, of the atom to which the electron is 
bound (bottom) effectively modulates the amplitude of the electronic vibration. 
and therefore produces very small sidebands known as Raman scattering. located 
at £t.l - WI (Stokes) and (I) + WI (Anti-Stokes) frequencies. 

(Chapter 1.4.2) radiates (transverse) electromagnetic waves which we call 
"scattered" radiation . Thus, scattering may be undcrstood by analyzing the 
amplitude of the electriC dipole moment induced by application of an incicient 
electric field, E, 

E = Eo cos wt (9 .1 6) 
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Figure 4.23 Amplitude modulation (left) and frequency modulation (right) of a 
sinusoidal time-domain signal (top). and corresponding frequency-domain spectra 
(bottom). In both cases. the spectrum shows a peak at the fundamental frequency 
of the unmodulated signal . as well as Sideband peaks at frequencies spaced by (for 
AM) or at integral multiples of (for FM) the modulation frequency above and below 
the fundamental frequency. The relative magnitudes of the Sidebands are deter
mined by the modulation "index". m. which is defined differently for the two 
cases (see text). 

Amplitude modulation is a common source of sidebands in spectroscopy. For 
example. electronic motion in a molecule can be modeled as an electron bound by 
a spring to a rigid molecular frame . vibrating at a natural frequency in the uv 
visible frequency range. However. the nucleus to which a given electron is bound 
can itself vibrate at a much lower (infrared) frequency. The nuclear motion 
therefore modulates the amplitude of the electron displacement. In the spectrum 
of light radiated (scattered) by that electron. the peak at the fundamental 
frequency. W 0 . is called the Rayleigh line. and the two sidebands are called the 
Stokes (w 0 - Wm ) and anti-Stokes (w 0 + wm) Raman peaks (see Chapter 9 . 1.2) . As 
another example. NMR signals can be amplitude-modulated by sinuSOidal variation 
in the "Q" of the receiver circuit during sample spinning. 
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