
The science behind optical standards writing 

Writing optical standards may 
appear to be rather mundane 

work, but it is actually full of funda
mental science, with plenty of real 
physics in what seems to be simply 
applied optics. This month we will i l
lustrate some of the problems in
volved, using the roughness of opti
cally polished surfaces as an example. 
The performance of most optical sys
tems depends critically on the rough
ness or texture of the optical surface 
in the system. Surfaces that are not 
smooth enough can scatter light from 
bright, off axis sources into the image 
plane causing loss of resolution. Simi
larly, scattered light in laser cavities 
can cause wavelength drifts affecting 
laser gyro and isotope separation effi
ciencies. Surface roughness also leads 
to damage in high power laser sys
tems. 

There are several practical methods 
of measuring surface roughness. One 
of the oldest is to use a mechanical 
stylus much as a phonograph needle 
samples a record. There are interfero
metric profilers that are an optical an
alog of the mechanical devices and 
there are photometers that measure 
scattered light directly as a function of 
angle. This scattered light data can be 
transformed back into surface rough
ness power spectra or the profile data 
transformed into angle resolved scat
ter data. Without using extreme care 
in interpreting the data, however, 
analogous measurements on the same 
samples do not give similar results. 

One might ask, in the case of the 
mechanical profiler, what could be 
simpler than taking a finite set of 
height measurements and calculating 
the rms deviation from a straight line 
and calling that the rms roughness of 
the surface? A little thought shows 
that the answer depends both on the 
number of data points taken and the 
total lateral span over which the data 

were taken. These two parameters de
fine the bandwidth of the measure
ment and the rms roughness is an ex
plicit function of them. Of course, the 
response of the measuring instrument 
as a function of lateral feature size 
also affects the rms, but this presum
ably would be calibrated out of any 
measurement. 

Unfortunately, these considerations 
have not led to a total reconciliation 
of profile data with scattering mea
surements. Only recently have we 
learned that the characteristics of the 
roughness are important. In fact, the 
model for most real engineering sur
faces was only proposed in 1977, and 
then it took a while to realize that this 
model was something more than an 
amusement for mathematicians. 

As more measurements are made 
on wider classes of physical surfaces, 
we are recognizing that most are not 
smooth in the intuitive sense but are 
fractal, keeping their same profile 
character as they are examined on a 
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The White House has filled all the 
seats on the President's Council of 
Advisors on Science and Technology 
(PCAST), a 13-member panel that re
ports directly to the President. 

The group offers experience in gov
ernment, academia, and industry, 
with specialities including agriculture, 
economics, biology, and earth sci
ences. Among the members are Solo
mon Buchsbaum, senior vice presi
dent, A T & T Bell Laboratories; Ralph 
Gomory, former senior vice president 
for science and technology at IBM; 
Peter Likins, president of Lehigh Uni
versity; Walter Massey, vice president 

finer and finer scale. The scattering 
behavior of these fractal surfaces de
pends on the Hausdorff-Besicovitch 
dimension and the topothesey, two 
parameters most optical engineers 
have never heard of. Yet to be useful 
and meaningful, a surface roughness 
standard must take these quantities 
into account. A complete character
ization of a surface roughness mea
surement must include the upper and 
lower spatial bounds of the measure
ment, as well as the two parameters 
characterizing the nature of the frac
tal surface. Although the jury is still 
out in the sense that measurements 
are still being made, optically pol
ished surfaces appear to be fractal in 
nature and therefore a surface rough
ness specification must contain four 
parameters rather than just the rms 
roughness. 

So much for simple standards and 
specifications. 

—Robert E. Parks 

of the University of Chicago for Re
search and for the Argonne National 
Laboratory; and Dav id Packard, 
founder and chairman of Hewlett-
Packard. —Susan M. Reiss 
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June 1: OSA Annual Meeting, 
Nov. 4 -9 , Boston. 
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