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I n the early 1980s, I embarked on a search for an original edition of Henry Cod-
dington’s book on optics as a follow up to my Ph.D. research on aberration fi elds in 
tilted and decentered optical systems. Th e book, which was published in 1829, is the 
fi rst to contain the equations for astigmatism. At the time, I was an optical designer 
at the Perkin-Elmer Corporation (now B.F. Goodrich), in Danbury, Conn., so I went 
to the academic library at Yale University to have a look.  

I found Coddington almost immediately, but when I saw all the other old optics 
books on the shelf, I was drawn into the stacks for nearly three days. Th e experience 
opened my eyes to what would become a new hobby: collecting volumes written 
before 1930 on optics, optical instruments, astronomical instruments and optical de-
sign. I obtained 500 volumes in ten years—including a personal copy of Coddington. 

With that acquisition, my journey had come full circle, so I decided to end it and 
donate most of my collection to the Optical Sciences Center at the University of 
Arizona in Tucson—now the College of Optical Sciences—where it is available for re-
search and education. However, I held on to two titles that made a particularly strong 
impression on me: A Compleat System of Opticks by Robert Smith and the Edinburgh 
Encyclopedia, which was edited primarily by David Brewster (of Brewster’s angle). 

Th e former volume, which was published in 1738, is considered the fi rst book on 
optical design in English. Th e latter is a rare, 18-volume encyclopedia with hundreds 
of pages devoted to optics; it was compiled in the early 1800s and published in 1830. 
Smith’s book was recently republished by Continuum International Publishers and 
is now available at a more reasonable price than the original (although without the 
leather binding). 

Early Books in 
     Optics & Optical Design: 

  A Compleat System of Opticks 
       & Th e Edinburgh Encyclopedia

Kevin P. Th ompson The fi rst publication describing 
astigmatism, written by Henry 

Coddington in 1829.

Cover page of Robert 
Smith’s A Compleat System 

of Opticks, 1738
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Th ese two resources are an excellent means for learning 
about the history of optical design for the time not covered in 
Rudolph Kingslake’s History of the Photographic Lens, which is 
a comprehensive volume that covers the period ranging from 
1800 to the present. Although I do not claim to be a historian 
by any means, I would like to share some of the interesting 
material I found in these two gems.

About Smith
As I sought to learn more about the life and work of Robert 
Smith (1689-1768), the Internet proved to be a good resource. 
I discovered, for example, that there is still a prize given at 
Cambridge University that is traceable to an original endow-
ment by Smith, who wished to foster the study of applied 
mathematics. To this day, the prize is quite prestigious, al-
though its fi nancial value is only about 23 pounds ($15). 

According to one site (http://home.europa.com/~telscope/
binotele.htm), the Smith’s Prize was established in Cam-
bridge in 1768 by the will of Robert Smith. Th e competition 
contributed to the success in mathematical physics that was to 
become the hallmark of Cambridge mathematics in the late 19th 
century. 

In 1716, Smith was elected Plumian Professor of Astronomy 
at Trinity College in Cambridge. His Compleat System of Opticks 
was published in 1738. Th e comprehensive work—which is 
more than 800 pages in length—became probably the most 
infl uential optical textbook of the 18th century. It went on to 
be published in Dutch, German and French translations as well 
as an abridged English version. 

Th e book was renowned for promoting the particulate 
theory of light. In addition, its sections on how to design and 
fabricate telescopes were a critical resource to telescope makers 
at that time. 

Robert Ingalls—the author of the famous series on ama-
teur telescope making—reports in the October 1949 Scientifi c 
American that:

Robert Smith gave instructions for speculum 
making that were destined to be the beginner’s 
guide for Herschel the amateur 35 years later. 
To fi nd the center of curvature of a speculum 
Smith’s method was to set it on edge opposite 
a candle. Selecting a tiny pinhole near the 
edge of the tin, he shifted candle and tin 
until he could simultaneously focus in the 
eyepiece the edge of the tin and the image 
of the pinhole refl ected from the speculum.

Smith’s fi rsts
Based on my exposure to the older optics books, I agree with 
the conviction that Smith’s book is in fact the fi rst on optical 
design in English. Among its other noteworthy characteristics, 
it is the fi rst publication of the optical invariant that is most 

The fi rst publication of the Lagrange invariant.

Illustration of caustics due to spherical aberration.

The fi rst use of marginal rays
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often called the Lagrange invariant (sometimes also referred to 
as the Smith-Helmholtz invariant). 

Another signifi cant fi rst is an illustration of spherical aberra-
tion and the related caustics. However, there are no illustrations 
in Smith for off -axis ray bundles. Rather, Coddington is attrib-
uted with the fi rst publication of an equation for astigmatism 
100 years later.  

After having reviewed other illustrations, I also conclude 
that Smith can be attributed with the fi rst use of a marginal 
ray. However, I have not found an obvious illustration of the 
chief ray.

During the same period in which Smith wrote, the pre-
vailing wisdom was that chromatic aberration could not be 
corrected—which explains why there are no equations in his 
book on achieving paraxial color correction. Th e mistaken 
belief about aberration came from an erroneous conclusion 
that Isaac Newton made based on his measurements of the 
wavelength-dependence of the refractive index. Possibly due 
to Newton’s scientifi c stature, no one questioned his conclu-
sion for more than eight decades. It’s not clear who eventually 
determined that Newton was in error, but Leonhard Euler 
(1707-1783) noted that humans have color-corrected vision 
in the 1740s, after which color-correction equations became 
prevalent.  

[A brief diversion: A small monograph written by Maria 
Hack in 1840 summarizes the history of chromatic aberra-
tion. In her publication, a wealthy landowner named Chester 
Hall is attributed with making the fi rst color-corrected lens in 
1733. However, within the scientifi c community, John Dol-
lond (1706-1761), a working optician who attempted to hold a 
patent for color correction (with little success), is often credited 
with manufacturing these lenses and placing them in a telescope 
for the fi rst time in 1757. It’s not clear whose version is correct.]

One of the last portions of Smith provides a detailed descrip-
tion of lens making that is attributed to William Moylneaux. (To 
learn more about his scientifi c contributions, visit http://home.
europa.com/~telscope/molyneux.txt.) Smith himself was known 
to have made mirrors. In fact, based on the material in the book, 
it appears that he should be credited with the invention of the 
knife-edge test, which is still commonly used by amateur astrono-
mers today to test their mirrors during polishing. 

The Edinburgh Encyclopedia
Th is rare, interesting collection of volumes was a commercial 
endeavor rather than an academic venture. One of the most 
fascinating aspects of the encyclopedia is that its subjects were 
determined entirely by the knowledge, interests and travels of 
its contributors and possibly by fi nancial pressures; they are 
not in any way that I can tell governed by a desire for com-
pleteness. For example, the fi rst half of the alphabet—from 
A to M—is covered in 15 volumes, while N to Z are handled 
in only two. 

Illustration from Smith’s book 
of lens-making equipment in 1738.

Cover page of the Edinburgh Encyclopedia, 1830.
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Due to Brewster’s interests and activities in optics, this 
collection has about 200 pages dedicated to the subject, 38 
of which are on the history of the fi eld. Other areas of optics 
covered include astronomical instruments, burning mirrors and 
a substantial section on kaleidoscopes (of which Brewster is 
the disputed inventor). As with other books of this period, the 
fi gures are intricate and fascinating.  

Indeed, both Smith and Brewster contain interesting 
astronomical drawings, which have been reproduced in other 
sources. In fact, a number of fi gures from Smith are also con-
tained in Brewster’s encyclopedia.  

Brewster’s early history of the fi eld
Brewster provides a lengthy treatise on the history of optics, 
beginning in 424 B.C., when lenses were mentioned in a play 
written by Aristophanes titled Comedy of the Clouds. One of the 
characters in the play uses a lens to concentrate sunlight and 
melt a wax tablet. According to Brewster, this reference to lenses 
was preceded by the accidental discovery of glass by Phoenician 
traders who used nitre in place of stones to hold their tripods 
when cooking along the Balus River. “Th e nitre combined with 
the tripods to form a transparent material that quickly led to 
the manufacture of crude lenses,” Brewster states.

He goes on to chronicle the contributions of well known 
philosophers, including (in chronological order) Pythagoras 
(died 497 B.C.), Plato (died 429 B.C.), Aristotle (died 422 
B.C.) and Euclid (300 B.C.). Plato advanced a theory to 
explain vision that involves the eye emitting ocular beams; 
although erroneous, it became a prevalent belief for hundreds 
of years. 

Euclid is credited as the fi rst to write about optics. However, 
many of the 61 optical theorems attributed to Euclid are wrong, 
Brewster states—a fact that is inconsistent with his reputation 
for accuracy as a geometer. To explain that apparent contradic-
tion, Brewster postulates that numerous of these theorems were 
added by others, incorrectly, at a later time.

From Ptolemy to Bacon …
From 0 A.D. to the time of Ibn Haitham Alhazen (966-1040) 
and Roger Bacon (1200), most of the developments in the fi eld 
were fundamental observations regarding refl ection and refrac-
tion and the description of everyday optical phenomena such as 
rainbows and the magnifi cation of objects behind a transparent 
container fi lled with liquid. Th e only signifi cant author in this 
period is Ptolemy (who died in 147 A.D.). 

In fact—and I fi nd this fascinating—Brewster found two 
references to a book by Ptolemy, which was reported to exist 
during Bacon’s time (1200 A.D.) but had since been lost. 
Having read that there was a copy in a Paris library, Brewster 
arranged for an M. Humboldt to fi nd it (potentially Alexander 
von Humboldt, who would have returned from his epic trip to 
the Amazon in 1806 and been active in scientifi c societies at 
this time). Humboldt found the volume, and then communi-

Illustration of Gregorian (1663), Cassegrain (1672) and 
Newtonian (1666) telescopes. The only fundamental 

two-mirror system not shown is the Mersenne (confocal 
parabolas), which was invented in 1612.

Illustrations of burning mirrors and solar collectors.

Comparing drawings of the planets 
in 1730 (left) and 1830. 
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cated Ptolemy’s fi ndings to the French astronomer Jean-Baptiste 
Joseph Delambre (1749-1822), who published them in “Con-
naissance des Tems” in 1816. Brewster’s signifi cant review of 
Ptolemy’s works in the encyclopedia is based on that publication.

Alhazen is the next major contributor who Brewster men-
tions. Prior to the 19th century, Alhazen’s work was thought to 
have been copied from Ptolemy. However, research published 
in an 1816 article by J. Delambre clearly demonstrates that his 
work was original. Brewster credits Alhazen with propagating 
the modern theories for vision and dispelling the notion of 
ocular beams that had been put forth by Plato.  

Bacon, who died in 1292, followed Alhazen by more than 
100 years and was heavily infl uenced by him. Brewster credits 
Bacon as the original discoverer of the optical telescope and the 
optical microscope, because Bacon was the fi rst to put more 
than one lens in line with one another and write about the 
eff ects. To support this assertion, Brewster quotes from Bacon’s 
own material: 

For it is easy to understand from the canons 
above mentioned [and provided in Brewster 
on p. 465], that the greatest things may ap-
pear exceedingly small, and on the contrary; 
also that the most remote objects may 
appear just at hand, and on the contrary.  

Brewster also refers to what appears to be the fi rst textbook 
in optics, which came about within this same period. Written by 
the Archbishop of Canterbury Th omas Peckham (died 1280), 
Perspective Communis, or “Treatise on Direct Optics,” contained 
nothing new, but was nevertheless a classic for centuries.

Finally, Brewster off ers an interesting description of the 
history of spectacles. He states that they were prevalent in the 
time of Bacon, although the man who has been credited as their 
inventor died slightly later. According to Brewster: “Muschen-
broek informs us that it is inscribed on the tomb of Salvinus 
Armatus, a nobleman of Florence, who died in 1317, that he 
was the inventor of spectacles.” Following this discussion, Brew-
ster moves into more familiar ground of the 1600s and 1700s, 
which is better represented by Smith’s book in many regards.  

Final thoughts
My hope is that this article has made obscure, historical docu-
ments more interesting and accessible. As a closing remark, I 
would like to ask your help: If anyone has better information 
as to whether Smith should be credited with fi rst publishing 
spherical aberration (at least in English) and whether Cod-
dington is the fi rst to publish astigmatism, please send me the 
appropriate references. Also, I would like to learn where coma, 
a common third-order aberration, is fi rst published and where 
the fi rst astigmatic fi eld-curve appears in print. 

[ Kevin Thompson (kthompson@opticalres.com) is the vice president 
of optical engineering services at Optical Research Associ-
ates in Pasadena, Calif. ]
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