Week 03 — problem set

Nonlinear Optics for Quantum Technologies

March 6th, 2025

1 The anharmonic (nonlinear) Lorentz oscillator model

1. By setting A = 0 the equation 3 (excluding the term mf22(¢)? is solved, see lecture notes, with

1 .
x1(t) = 5 (X1(w) exp(—iwt) + c.c.)
98 oL . . . :
, where X; = m and x1; = m Inserting x1(t) into the equation and keeping only
0 0

linear terms of A\ we obtain:

A [#2 4+ wime + via] = —ABazi = —A% (Xie ™ 42X X + X72e™h)

2. Two new frequencies appear: one at zero frequency (amplitude 0.53;|X1|?) and one at frequency
2w

3. This can now be solved for the two frequencies xo = Xa(w = 0) + 0.5 * (X2(2w)e ! 4 cc). As
for w = 0 the time derivative is zero, we have that:

—B|X:1[?
Xow=0)=——7—5—
2w ) 2w(2)
For X5(2w) we have instead a full equation only replacing the driving term % by —%X 2. We
thus obtain
B m

Xo(2w) = —;Xl(w)QXl(Z,u)q—E

4. The two relations follow directly from the solution of the previous step, knowing that X; o x1.
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