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The Changing Nature of Lens Design 
Time spent at OSA's Optical Design for 
Photonics Topical Meeting demonstrated 
some of the aspects of the new nature of 
lens design. In history, the motto is: "Those 
who forget the past are doomed to repeat it." 
In lens design, the motto is better stated: 
"Those who fail to respond to the new needs 
of technology will become history." 

Lens design is fundamental to the de
velopment of most modern optical tech
nology. Efforts to understand the way 
in which lenses work led to new de
signs that were realized as commercial 
successes and prov ided the resources 
to develop new methods for design. 
Aberrat ion theory developed as the 
foundation upon which lens designs 
were created. The exact analysis of im 
ages by tracing a number of rays was 
too tedious in the first third of this cen
tury, as the only approach to ray trac
ing was the use of logarithmic tables 
and handwritten calculations. Each de
signer had to squeeze the max imum 
information about the lens f rom each 
ray traced. Tracing a meridional ray 
might proceed at about a ray surface 
per 15 or 20 minutes, and skew rays 
were hardly ever traced at al l . 

In the 1930s, the mechanical desk 
calculator raised the ray tracing speed 
to a d izzy ing two minutes per surface. 
It also led to a new skil l—the ray trac
ing computer of the '30s and the '40s 
was a human being who spent fu l l days 
slaving over a calculator. The designer 
sti l l completed a design after having 
only a few dozen rays actually traced. 
This made the lens designer appear to 
be a wizard . 

M a n y ingenious concepts regard
ing aberration coefficients and the de
pendence of the aberrations upon lens 
shape and stop posit ion were devel
oped to permit as much of the work as 
possible to be done pr ior to the need 
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for tracing a few rays. The late '40s and 
'50s saw the introduction of stored pro
gram computers that finally began to raise 
the ray tracing speed to 10 or 20 ray 
surfaces per second. This stimulated the 
first growth of automated correction pro
grams that could vary lens parameters 
and search for the min imum of an aber
ration function. The understanding of 
lenses and images was stil l based pr i 
mari ly on the concepts of aberration de
pendency upon lens shape that had 
historically been used. 

Further developments of computer 
programs into the 1980s brought out a 
large number of new tools. The abil i ty 
to compute d i f f ract ion images and 
Modulat ion Transfer Functions brought 
a new level of understanding to the 
nature of image formation i n complex 
lens systems. The use of aberrations as 
wavefront errors became a common 
method of understanding aberration 
balance, but the basic understanding 
was sti l l founded upon a geometrical 
model . Considerable effort was spent 
on examining alternate techniques for 
opt imizat ion; the surv iv ing method of 
automatic correction was pr inc ipal ly 
that of damped least squares opt imiza
t ion, w i th some modifications to accel
erate convergence. 

The computers of the 1970s were 
mainframes, products of I B M or C D C , 
or others. Computer time was precious 
and extremely expensive. The cost of 
the computer time to complete a sig
nificant lens design could be $50,000— 
about twice the annual salary for an 
optical designer of the per iod. W i th 
those stakes, only the specialist ap
proached the computer. The designer 
also stopped as soon as the design 
looked l ike it was acceptable. 

The understanding of lenses was 
sti l l based upon a geometrical model of 
the aberrations and the ray path. The 
diffraction effects and the physical op
tics were h u n g on the geometr ical 
model . Lasers forced the inclusion of 
Gauss ian beam propagat ion on the 
model ing of images, and these tools 
began to expand the understanding of 
design, incorporating more than classi
cal lens elements. 

In the 1980s, the introduction of 
the P C caused a migrat ion of simple 
parts of the design problem to the desk
top computer, and i n the 1990s, the en
tire process m o v e d to the desktop 
computer. A mainframe is no longer 
needed; i n fact, it gets i n the way of 
progress. Over time, the analysis of dif
fraction images became common and 
economical, because the cost of a com
pu te r p r o g r a m became less than 
$10,000; the computer now costs less 
than the program. The cost of the re
sources for carrying out the design of a 
lens, when amortized, is less than $1,000 
or so. N o w the designer gets paid more 
than the costs of the computations. 

A new force arose i n the past year 
along w i th this empowerment—global 
opt imizat ion. Most of the lens design 
programs have the abil i ty to search not 
just for a solut ion, but for the best solu
tion. The knowledgeable optical engi
neer is empowered w i th a new design 
tool, when it is wisely used. 

W i th al l this power and capabil ity, 
there is sti l l more to do. The under
standing of complex lenses is stil l based 
upon aberration theory and is sti l l in 
tuitive. N e w optical devices invo lv ing 
fibers, waveguides, and active compo
nents operate wi th physical optics mode 
matching. These principles are yet to 
be merged w i th tradit ional lens design 
techniques. It w o u l d seem that more 
can be bui l t into programs to l ink the 
designer intellectually into the design. 

This brings us back to where this 
co lumn started. There are new and ex
cit ing problems arising that are a com
bination of tradit ional lens design and 
new device-oriented photonics appl i 
cations. In many of these new prob
lems, the geometr ical mode l is not 
adequate, nor is a beam propagation 
model adequate on its own. Integrating 
these design tools and developing the 
understanding of how to use them are 
sti l l in their early stages. 

The recent meeting of the lens de
signer and the photonics physicist was 
a start toward development of this field. 
Those who fai l to work toward a union 
of these optical opportunities w i l l l ikely 
be left behind. OPN 
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