OPTI 544 Solution Set 4, Spring 2023
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We start from o (0)= % (no collisions, polarized driving field).

Then, per definition and setting 4,,=1/7 where 7 =27.0ns we have
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Problem I1

(a) In steady state the excited state population is (setting 23 = 4,;, A=0, and using the
expression from the class notes)
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where we have used lel—zl—zl. Now AN =N(2p»n-1)
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(b)  Number of stimulated emission events: ¢ ®N,. Number of absorption evens: o ®N,

Change in photon flux: dd= GCI)(NZ— Nl)dz =0 DANdz
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The general solution to this equation cannot be written in terms of simple functions, so in
that case one must resort to numerics. However, approximate solutions are easy to find
in the limits / << /I, and I >> 1, .
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(d) For the signal beam alone. 7,7 = 0.01 = e 27
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If Ig<<Ic then AN is determined solely by 7¢ . Thus, if I is large enough to remain
approximately constant along the optical path, we have a constant AN that is
independent of I . In that case

RV
= Is(z)=Is(0) e 2r it

s
dz

3PN I
2 Io+1

= 0(A=0)AN I5 = -

We solve for the desired transmission,
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We have I >>Is so AN depends only on I . Also we find for the transmission of the
control beam that

2
o= 1o N (001 5 6e09.

27 Ic(0) 457.2

This means the intensity of the control beam is constant and much larger than that of the
signal beam along the entire optical path.



