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Abstract: The equation of motion of the density matrix of a three-level EIT (electromagnetically induced transparency)
atomic system is solved and the behavior of dispersion of the nine density matrix elements is presented. The general
optical response of the electric permittivity corresponding to both the probe and the control fields is addressed based on
the numerical results of the equation of motion of the density matrix. The probe and the control fields are treated in the
same way, in which the influence of the probe field on the control field (and vice versa) is considered. The optical be-
havior of controlling light with light can be a fundamental mechanism for new photonic and quantum optical device
design.
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Figure 1. The schematic diagram of a three-level atomic system.
The probe and the control fields drive the ‘1>-‘3> and ‘2>-‘3> transi-

tions, respectively. The spontaneous emission decay rates are de-
ﬁned thrOUgh yz = yzl + yph > FJ = yll + ysz
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Figure 2. The dispersion characteristics of the real and imaginary
parts of the density matrix elements p, , p,,, p.. and p,,, p.,. p,,
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Figure 3. The dispersion characteristics of the real and imaginary
parts of ¢, and ¢, . The real part of ¢, has two valleys and two

peaks, and the imaginary part has one valley and two peaks, re-
spectively. In contrast, the real part of ¢, has only one valley and

one peak, and the imaginary part has only one peak, respectively
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Figure 4. The dispersion characteristics of the real and imaginary
parts of ¢, and ¢,, , where the dependence of &;, and &, on

A, /73, , Q/y, and A Jy, ,Q, /;(“ , respectively, are presented
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Figure 5. The dispersion characteristics of the real and imaginary
parts of &, and &,, , where the dependence of ¢, and ¢,, on
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