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19.5 GAUSSIAN RESONATOR MODE LOSSES
CHAPTER 19: STABLE TWO-MIRROR RESONATORS

The angular displacement of the resonator axis (which can be important in
aluating far-field pointing accuracy, for example) can also be evaluuated from

AHEAZ'z—A.’El=(1'—92)01—(1—g1)92. (33)
L 1-9192

Note that the sensitivity of all these measures to angular misali.g.nment blows
as gigs — 1, i.e., as the resonator design approaches the stability bounc%a:ry
n either the planar (long-radius) or the near-concentric sides of the stability

FIGURE 19.18

Geometry for analyzing misalignment and axis displacement in a stable
optical resonator.

Misalignment, effects in stable resonators are treated in more detail, zmc‘! w%th sup-
rting experimental results, by R. Hauck, H. P. Kortz, and H. Weber, “Misalignment
sensitivity of optical resonators,” Appl. Optics 19, 598-601 (February 15, 1980)
Exact calculations of the effects of mirror tilt on resonator losses for plz.mar r_es—
onators, with both strip and circular mirrors, are given by J. L. Eiemo, "‘lefrlactlon
losses for symmetrically tilted plane reflectors in open resonators, Appl. Optics 19,

774-777 (March 1, 1980).

/

misalignments is to use the techniques for misaligned ray matrix systems
cussed in Section 15.4. We can give in this section, however, a brief descrip
of the axis displacement and misalignment produced in a simple two-mirror ¢
ity by angular misalignment of either end mirror, ’

Misalignment Analysis 19.5 GAUSSIAN RESONATOR MODE LOSSES
The optical axis in a two-mirror resonator is by definition the line pass
through the centers of curvature ¢ and Cs of the two end mirrors. The quadra
phase curvatures of thé two mirrors are centered on or normal to this axis. If
cavity also contains any kind of aperture (including the apertures defined by th
mirrors themselves), rotation of an end mirror will translate the optical axis re
tive to this aperture or, alternatively, will cause the aperture to be effectively
center with respect to the resonator axis. The presence of an off-center apert
will tend to produce resonator eigenmodes which are mixtures of the even arie
0dd eigenmodes of the aligned resonator. Solving for the exact eigenmodes a
their exact diffraction losses in this situation becomes a complicated calculation
Simple geometry can at least tell us how far the optical axis will be translatet
and rotated by a small angular rotation of either end mirror. Let 0, and 6>°b
the small angular rotations of the two end mirrors and Az; and Az, be th
small sideways translations of the new or misaligned optical axis at the poiri
where it intercepts the end mirrors, as shown in Figure 19.18. (Alternatively:
Az; and Az can represent the off-center translations of the apertures at those
two mirrors.) From Figure 19.18 and some simple geometry, we can then evaluate
these displacements as

The gaussian beam results developed in this ch‘apte_r thus far are based on the
assumption that the resonator end mirrors are infinitely Wld_e in the t?ansverse
'd‘irection, or at least extend out so far compared to the gaussian spot-31.ze of the
gaussian modes that any aperture diffraction effects are entirely negligible. .
Introduction of a finite aperture into a stable gaussian resonator then modifies

large compared to the gaussian spot size. In this section we will reYiew brieﬂy
the mode distortions and diffraction losses that result from introduction of finite

apertures or mirror sizes.

Resonator Fresnel Number

A very important parameter for discussing aperture ef.fects in finite-
diameter stable (or for that matter unstable) optical resonators is the resonator
Fresnel number Ny, which is commonly defined as follows. Le.t 2a Arepr(.asent the
transverse width of the resonator end mirrors in the z or y directions in a one-
‘dimensional strip mirror situation, or alternatively the diameter of the circular
end mirrors in a circularly symmetric situation. The resonator Fresnel number

Lt i just as in the previous chapter, by
Az, = 2 L6 + x L8, Ny is then defined, just as p )
1- g192 1- gi192 .
a
tor Fresnel number, Ny = —. (34)
Az, = --1——L A6y + -——gl,_-_L Ab,. TEesons, , Ny X
1=g192 1-g1gs

This parameter is obviously the number of Fresnel zones across one end mirror,
as seen from the center of the opposite mirror. There are also, however, a number
of other significant interpretations of this parameter.

One criterion for judging the seriousness of misalignment effects is then to comQ
pare these displacements Az; and Az, with the resonator spot sizes w; and wa
at the same end mirrors.

these results, though generally by a small amount if the aperture diameter is’
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