
LIGHT TOUCH

A s every physicist knows, there are a
few “Great Solved Problems” in

physics: the harmonic oscillator; the par-
ticle in an inverse square force; the sym-
metric top. By the same token, there are
“Great Mysteries.” One of the classics is
“The Locked Room”: a crime takes place
in a sealed room, with no way—appar-
ently—for the criminal to get in or out.
Arthur Conan Doyle arguably invented
the scenario in his second Sherlock
Holmes novel, The Sign of Four, in which
Bartholomew Sholto is found murdered
by a poisoned dart in his sealed study at
Pondicherry Lodge. The gimmick has
been used countless times since, and the
trick is rarely anything as obvious as
“here’s a trap door you didn’t know
about,” but usually “here’s something you
overlooked.” A good mystery, like a good
science question, turns upon new ways of
interpreting data which lead to greater
understanding.

I once experienced my own Locked
Room Mystery. I was working with a
rather tight arrangement of optical com-
ponents mounted on a vertical bench
that was intended to be packed inside a
closed space. We had a very small but ele-
gant CO2 laser, several copper mirrors for
directing and focusing the beam, beam-
splitters and so forth, all tightly tied
down in a sturdy configuration.

After the laser had been operating for
some time, however, I noticed that the
beam—when visualized with heat-sensi-
tive paper or liquid crystal sheets—had
begun to look diffused. It no longer
appeared to be the nice, tight beam we
had started out with. Nothing had
changed at the laser itself. But the beam
was certainly degrading.

Finally, I noticed that the copper mir-
rors being used to steer the beam were
looking sort of fuzzy, as if the specular
surface was turning to a matte finish. I
dismounted a couple of them and took
them off to the microscope. Lo and
behold! The surfaces of the first mirror

after the laser, and
the one after that,
were covered with
very fine drops of
some liquid.

Since the temper-
ature of these mir-
rors had been kept
pretty constant, it
didn’t seem that the
cause could be con-
densation. What’s
more, the liquid did-
n’t evaporate over time. I could only
imagine that the non-volatile liquid was
some sort of oil.

But where was it coming from? That
was the real mystery. The optical setup
was not merely in a laboratory but in a
“clean room” from which such notorious
oil sources as vacuum pumps had been
banned. Actually, it wasn’t a full clean
room that demanded suiting-up and
hairnets, so perhaps I should call it a 
not-so-dirty room. Nevertheless, the pre-
cautions were sufficient to prevent con-
tamination by liquids unknown. The
walls had been painted with a special
compound to trap dust. We had to walk
over renewable sheets of sticky material
that lifted the dust from our shoes. And
nobody was opening cans of Coke that
could spray on the lab mirrors.

Even more confusing, the droplets
weren’t uniformly distributed over the
surface of the mirrors. They were larger
and more numerous where the beam was
more intense. Since the laser was running
in TEM00 mode, the droplets had a
Gaussian distribution in size and num-
ber. So there were actually two mysteries
to be solved: where was the oil coming
from and why was it distributed this way? 

The two phenomena had to be con-
nected. It seemed to me that the laser
might be heating up the mirror, causing it
to “sweat” oil from microscopic pits,
maybe at the grain boundaries. I men-
tioned this possibility to a colleague, who

said he’d heard that some copper mirrors
were polished under olive oil (of all
things). It sounded weird but promising,
so I looked into it. I found, however, that
there weren’t any microscopic pits on the
mirrors, which certainly had not been
polished using oil of any kind. I con-
firmed this by talking to the person who
polished our mirrors.

So I was back at square one. If it wasn’t
the heat from the laser, then what could
have produced the drops? What other fac-
tor correlated with the beam profile? Then
it struck me. Optical levitation.

I’d read an article about optical levita-
tion in Scientific American1 many years
before, and had looked up the original
papers.2,3 You can suspend a glass micro-
sphere against the force of gravity with an
upward-directed laser beam, the same
way that a jet of water can push a ball
upwards. The laser beam differs from the
water jet in that it actually provides a sta-
ble support. If the microsphere wanders
off the exact center of the beam, it is
pushed back toward the axis; a jet of
water, on the other hand, pushes the ball
further from the axis. (The force of the
laser beam is also pretty small, so the
glass microsphere is only about 20 �m
across.)

Optical levitation can be viewed in the
following classical way: The incident elec-
tromagnetic (EM) waves stir up currents
in the object they interact with. These
currents in turn, interact with the origi-
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nal EM wave, resulting in a force on the
object. The effect was first predicted
using thermodynamics. But it is perhaps
more intuitive to view it quantum
mechanically as due to the transfer of
momentum from photons (each with
momentum h��) to the object. In many
cases of physical interest, the material is a
dielectric, with only part of the beam
reflected and part refracted. That, in fact,
is what keeps the microsphere stably sup-
ported in the center of the laser beam—
the beam is refracted upon entering and
leaving the sphere, and some of the
momentum transferred to the micro-
sphere is sideways as well as upward. The
imbalance between the sideways momen-
tum at the side closer to the beam axis
and the side away from the beam axis
tends to push the sphere back to the cen-
ter. (You can perform this trick with per-
fectly reflecting metal microspheres, too,
but you have to suspend them in a beam
having a TEM01* “donut” mode, for obvi-
ous reasons).

The same forces that keep a carefully
balanced microsphere stably on the
beam axis will also tend to push ran-
domly positioned floating dielectric
spheres toward the beam axis. Aim a
powerful laser beam through a fine
cloud of particles and you have a
“broom” that will tend to sweep those
particles forward and toward the beam
axis. Fine droplets of oil form spheres as
surface tension acts to minimize surface
area, and they can be suspended in air
for quite a long time.

This seemed like a plausible explana-
tion for our oily mirrors: the CO2 beam
was passing through a cloud of minute
oil droplets, grabbing them and pushing
them toward the beam axis. Eventually
the droplets landed on the copper mir-
rors, where they stuck. And they’d tend to
cluster near the axis of the beam. You’d
even get buildup on the second mirror
until the buildup on the first mirror dis-
torted the beam so much that it was too

diffuse to push the droplets toward the
second one. You’d expect the first mirror
to have more buildup on it, which was
just what we saw. Bingo!

But where was the cloud of oil
droplets coming from? This was sup-
posed to be a clean room. There was
nothing to throw off the offending
cloud of droplets. No pumps in the
room. Nothing lubricated (not even the
tip/tilt mounts). No aerosol generators.
All we had was the optical bench, the
optical components and their mounts.
There was a beam block that we used to
put in front of the laser when we
worked on the optics, but it was made
of inert material.

The beam block. It may have been
inert, but I learned that, to minimize
particulates, it was cut under oil. Some
oil may have diffused into it or gotten
trapped on the surface, even though it
was apparently clean and dry to the
touch. When the beam block was hit by
the laser beam  it would heat up. Some
of the oil would vaporize and then
recondense in the cooler air as droplets.

The solution: replace the beam block
with one that had never seen oil. The
result: The oil droplets went away. Case
closed. And locked.
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I was back at square one. If it wasn’t the heat from the
laser, then what could have produced the drops? What
other factor correlated with the beam profile?


