
I f you’ve ever built or aligned a laser,
you know how difficult the task of

alignment can be. Alignment is standard
procedure for many multi-line systems,
such as argon-ion or krypton-ion lasers,
when the goal is to to maximize a partic-
ular line. In some cases setting the proper
alignment is a simple hunt through the
two-space “Sea of Tip and Tilt” in search
of the “Island of Maximum Output.” But
in many cases optimum alignment
requires more than merely the adjust-
ment of a single mirror. Mirror spacing
must be properly set, the cavity axis must
coincide with the axis of the gain
medium and the beam waist must be
properly located relative to the gain
medium. If these conditions aren’t met,
in many cases the output of the laser will
not be sufficient.

I’ve aligned a lot of lasers in my career.
For my doctoral work, for every experi-
ment I had to construct a laser cavity
around the sample under study. After
much practice the procedure became rou-
tine, but it was still long and involved, and
never trivial. Lasers don’t simply fall into
alignment of their own accord. Usually.

There are, however, a few cases of self-
organizing laser resonators. Examples
include the “whispering gallery” modes of
microspheres (droplets of solvent con-
taining Rhodamine 6-G, for instance, or
solid glass microspheres containing some
gain medium).1 Semiconductor lasers,
the cleaved ends of which are dictated by
crystal structure, require no further
adjustment. Amplified spontaneous
emission (ASE) in long samples of gain
medium (such as in many nitrogen
lasers) cannot really be said to constitute
a resonator, although some scientists—as
a courtesy—do call this process “lasing.”
Natural “lasers” of this sort can occur on
astronomical scales.2

In most cases, however, laser align-
ment is a delicate, time-consuming 
process. That’s why I was really annoyed
when I found that an unstable resonator
system I was working on had sponta-
neously “decided” to become a perfectly
aligned stable resonator. The power con-
centration at the end mirror had become
so great that it had blown the coating off
the multilayer stack. After all my years of
struggling with laser alignment, how was

it that the one time I really didn’t want it,
I got a perfect alignment that destroyed
my mirrors? How could it have hap-
pened? The parts I was using should not
have been capable of forming a stable res-
onating cavity.

The system was unequivocally an
unstable resonator, essentially a 3:1 tele-
scope with one convex end mirror and
one concave end mirror having three
times the focal length, placed so that their
focal points coincided. If you follow the
beam in one direction, it gets smaller by a
factor of three with each round trip.
Eventually, diffractive effects overcome
the strictly geometrical picture, and the
beam reaches a size defined by diffrac-
tion. Trace the beam in the other direc-
tion and it gets larger with each pass by a
factor of three. The beam would simply
expand until it was larger than the end
mirrors were it not the usual procedure
to remove the outside of the beam during
its final pass using a “beam scraper.” This
is typically a mirror mounted at 45
degrees to the beam axis. It has a square
or circular hole cut in the center to allow
most of the beam to pass through, but
the outer portion is redirected out of the
resonator path to serve as useful output.
It’s useful output with a hole in the cen-
ter, of course, but over a sufficient dis-
tance from the laser, diffraction fills in
the hole—albeit irregularly.

In performing my “post mortem” on
the mirrors, I was struck by the fact that
the line that had been burned into the
coating was cleanly horizontal. Under cir-
cumstances most of us are familiar with,
photons don’t care about gravity, so the
fact that the resonator had produced a
high intensity horizontal line focus on
one mirror was a valuable clue. Clearly I
should look for structures with that sym-
metry. The horizontal and vertical walls
were different—the electrodes used to
excite the discharge were on one set of
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walls only—but not different enough to
cause the stabilization effect I had wit-
nessed. Furthermore, it should have been
impossible for reflections to take place
from the electrodes or the walls. There
were spoilers in place. Finally, even if
reflections from the wall had contributed,
wouldn’t the resulting mode be wider
than a thin horizontal line?

Aside from the walls, the only item
that had the symmetry in question was
the beam scraper. It was square, with a
square hole cut into it to allow the beam
to pass, and one of the sides was parallel
to the horizontal damage line burned
into the end mirror. But how could the
scraper mirror have caused that effect? It
was on the outside of the diffraction core.

Of course, the answer was something
simple and easily overlooked. The scraper
mirror was usually drawn in schematics
as a thin mirror at a 45 degree angle,
floating miraculously in mid-beam.
In the real world, the mirror had to be
supported. It was, in fact, bolted to the
same platform as the end mirror, and was
simply built to fit directly over the end
mirror mount. The square hole bored
through the center had perfectly straight
sides parallel to the optical axis. Although
they weren’t polished, at glancing inci-
dence they made perfect mirrors.

The combination of the long-radius
end mirror with the walls of the bore
through the scraper mirror almost made
up a corner cube which retroreflected the
beam back nearly anti-parallel to its orig-
inal course. But it wasn’t a perfect corner
cube, for two reasons. First, the end mir-
ror wasn’t flat, but curved. Beams that lie
in planes not running through the center
of the mirror and not perpendicular to
the sides of the bore will eventually walk
off the axis. In other words, such beams
are not stable and don’t eventually retrace
their paths. In this case we should expect
stable resonating only along a thin hori-
zontal line and along a thin vertical line,
both passing through the optical center.

The other reason the combination
didn’t form a perfect corner cube was
that the bore through the scraper mirror
wasn’t the same length everywhere. With
the optical axis, the scraper made a 
45 degree angle that faced downwards.
So the bore was longest at the top and
shortest at the bottom. This meant that

you got a lot of returns from the “corner
cube” formed by the top surface of the
bore and the end mirror, but far fewer
from the “corner cube” formed by the
lower wall of the bore and the end mir-
ror. Too many ray paths that start out
looking stable at the top end up leaking
out through the bottom. But the hori-
zontal “corner cubes” formed by the
sides of the square borehole through the
scraper mirror and the end mirror were
both the same length. Apparently, these
quasi-corner cubes returned enough of
the rays to allow a stable resonator to
build up along the horizontal direction,
but the short length of the borehole
along the bottom prevented a stable res-
onator from existing along the vertical
axis. So there was only one stable res-
onator, formed by the combination of
the long-radius convex mirror and the
vertical walls of the borehole through
the scraper mirror on one end, and by
the concave mirror on the other end.
But this was true only for the plane that
ran through the optical axis.

Once the source of the problem had
been ascertained, a solution could be sug-
gested. In this case, the solution was obvi-
ous: cut back the walls of the square
borehole so that they were no longer par-
allel to the axis. If they flared outwards
from the scraper mirror end they
wouldn’t form quasi-corner cubes and
the reflected rays would not be reflected
back onto stable paths. So that is what we
did. After that, there were no more hori-
zontal burns to the coated end mirror.
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