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Teil 1:

Production of Coherent Radiation by Atoms and Molecules
Charles H. Town, Science 149, p. 831 (1965)
Noble Lecture

1) Berechnen sie das Verhéltnis der Einsteinkoeffizienten A/B bzw. A/B’ mithilfe des
Planckschen Strahlungsgesetzes. Unter welcher Bedingung darf B’ = B angenommen

werden? Wann ist die induzierte Emission grofler als die spontane Emission? Vergleichen
. . . 2
Sie mit der Modendichte n(v)dv = *Z-dv.

2) Wie funktionierten die ersten Maser und Laser. Wie wird jeweils die Besetzungsin-
version erreicht?

3) Welche besonderen Eigenschaften von Lasern werden im Artikel erwdhnt? Wie wird
die Frequenzstabilitéit von Lasern bestimmt?

4) Warum besitzt das Emissionspektrum eines Masers/Lasers eine von 0 verschiedene
Breite? Was bedeutet eine von 0 verschiedene Linienbreite fiir Amplitude und Phase der
Maser /Laser-Strahlung? Wie muss ein Laser designed werden (Resonatorgiite, Ausgangs-
leistung) um eine moglichst geringe Linienbreite zu besitzen. Erldautern Sie die funktiona-
len Abhéngigkeiten in Gl.(8) qualitativ.

Bitte wenden —— >



Teil 2: Rate Equations Three-Level System

Introduction: Consider the 3-level scheme 2.3.1-1. Under which condition can the upper
pump level 3 be eliminated, so that the 3-level system can be replaced by an effective
2-level system?

1) Write down a complete set of rate equations for the 3-level system. Assume that
the states are not degenerate and that no laser field is present (which can be ensured for
example by blocking one of the mirrors in a laser setup).

2) Specialize the rate equations for the steady state. To simplify the future discussion
please replace the corresponding quantities by the expressions given below. Explain, why
these replacements are reasonable from the physics point of view. Explain the physical
meaning of these quantities.

e give all rates in units of 721, €.g. gs2 = Y32/721-

e give all population densities in units of the absolute population density n;., e.g.
ny = n1 /Mot

e replace all relative populations n}, nj, and nj by the following set of populations:
relative inversion n’, relative total population n; of level 1 and 2, and relative po-
pulation nf} of level 3.

e Replace the relative decay rates gso and gs; by gs2 = 17+ g3 and g3 = (1 — 1) - g3.
What is the physical meaning of n und g37

3) Solve the reformulated rate equations for steady state.
Hint: Use ny; = ny + no + ng to have three independent equations.

4) Under which condition can the population in level 3 be neglected? Hint: a series
expansion might be useful.

5) Under which condition is inversion achieved?
To simplify the math, introduce the following quantities: x = %/ gsand y =1 - gs.
What is the physical meaning of x and y?
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