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Ernst Abbe was the first optical en-
gineer to design and build lenses based on sound optical theory 
and scientific laws, rather than the hit-or-miss approach that 
had been prevalent for centuries. These vastly improved lenses 
were then used to build microscopes of unsurpassed quality, 
rapidly advancing the field of microscopy. Such pioneering 
accomplishments alone would have ensured lasting fame in the 
scientific community, but the brilliant German mathematician 
and physicist achieved almost equal renown for his skills as an 
entrepreneur and social reformer, making numerous “unscien-
tific” contributions to the well-being of the workplace.

No child of privilege, Abbe lived in an impoverished 
family where his father labored 16 hours a day as a spinner 
of textiles with no breaks for meals, all in an effort to provide 
for his wife and children. The sacrifice and hardship Abbe 
witnessed made a profound impression that stayed with him 
throughout his formative years and beyond. Despite the 
modest means of his family, Abbe was able to get a quality 
education by working odd jobs, earning scholarships, and 
through the help of his father’s employer. 

Abbe studied physics and mathematics as an undergradu-
ate at the University of Jena and went to graduate school at the 
University of Göttingen, where he received a doctorate in ther-
modynamics. In 1863, Abbe joined the faculty of the Univer-
sity of Jena where he taught physics. Despite being a top-tier 
scientist, he would likely have languished in obscurity if not 
for the foresight of German optician Carl Zeiss. The two met 
in 1866, forming a common bond over their interest in the 
optical problems surrounding mid-19th century microscopy. 
Although recognized as intelligent and hardworking, Abbe  
was unable to become a university professor. 

Thinking the young man’s talents were better suited for 
the laboratory than academia, Zeiss formed a partnership 
with Abbe, making him the research director of Zeiss Optical 
Works late in 1866. The farseeing Zeiss had sensed a huge in-
crease in scientific curiosity and study in Europe and expected 
it to result in a demand for the type of precision instrumenta-
tion his business was capable of providing. However, no one 
on his staff had the expertise to fully design such implements. 
Because of this, Zeiss saw fit to hire Abbe to utilize his math-
ematical skills to create superior lenses.

The science of crafting lenses had stagnated since the era 
of Anton van Leeuwenhoek (1632–1723), due mainly to per-
sistent flaws in laboratory-made lenses. The principal problem 

was chromatic aberration in which rays from various sections 
of the lens would focus at different spots, which showed up 
as tinted circles enveloping the subject. The goal of Abbe was 
to determine precise mathematical formulas to the contours, 
sizes, and placement of lenses to rectify this problem. Optical 
researchers were also hampered by the inferior quality of the 
glass used to make lenses.

For the next six years, Zeiss and Abbe worked intensively 
to surmount these issues and lay the scientific foundations 
for the design and fabrication of advanced optical systems. In 
1869, they introduced the “Abbe condenser lens,” a device 
designed to improve the performance of microscope lighting. 
Among other features, it had a newly designed eyepiece and 
oil-immersion objective lens. Three years later, in 1872, Abbe, 
who would soon receive a promotion to partner, formulated his 
wave theory of microscopic imaging and defined what would 
become known as the “Abbe sine condition.” Demonstrating 
the importance of this theory is the fact the previous dozen 
microscopes built by Abbe were inferior to the trial-and-error 
models they were designed to replace. Several years later, Zeiss 
began to offer a lineup of 17 microscope objectives designed on 
the basis of Abbe’s theoretical calculations. In his own words, 
Abbe stated, “Based on a precise study of the materials used, 
the designs concerned are specified by computation to the last 
detail—every curvature, every thickness, every aperture of a 
lens—so that any trial and error approach is excluded.” 

These lenses were the first ever to have been designed 
based on sound optical theory and the laws of physics. While 
previous generations of microscopes derived from a haphazard 
foundation, they were built on a firm scientific base from the 
early 1870s onward, exhibiting vastly superior optical qual-
ity. The improved microscopes soon led to pioneering break-
throughs in the biological sciences and medicine, with the high 
quality of Zeiss objectives commanding a new respect and earn-
ing Zeiss a worldwide reputation for quality and innovation.

Several problems remained, however, because the qual-
ity of optical glass produced during the period was not suf-
ficient to provide the theoretical resolution that was dictated 
by Abbe’s sine condition. The glass used in construction of 
microscope lenses was not homogeneous and tended to un-
dergo a phase separation during cooling. This led to a varying 
refractive index throughout the glass and light waves passing 
through lenses made of this glass were bent erratically. Good 
resolution was unattainable. Abbe turned to several ideas 
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published by Swiss watchmaker Pierre Louis Guinaud, who 
several years earlier had developed a method of stirring the 
melted glass to increase the uniformity of the mixture.

Even with this improvement, Abbe remained unconvinced 
that he had reached the highest stage of performance from the 
optical glass. He met Otto Schott in 1881, who was a glass 
chemist with a doctorate in physics from the University of Jena. 
Over the next several years, Abbe and Schott developed several 
new glass formulas and made adjustments to the mixing and 
annealing process to eliminate internal defects and produced 
optical-grade glass having a uniform refractive index. By creat-
ing what came to be known as “borate and phosphate” glass, 
they solved many of the magnification and resolution problems 
presented by the previously used “crown and flint” glass. In 
1884, Schott, Abbe, and Zeiss formed a new company known 
as Schott and Sons in Jena, Germany. Continued experimen-
tation with glass recipes and preparation techniques yielded 
favorable results and, in 1886, they introduced a new type of 
objective, the apochromat.

Apochromat objectives were the most precise and high-
est performance microscope lenses ever built. They eliminated 
chromatic aberration and brought the resolving power of the 
microscope to the limit that it enjoys today. As Abbe had cal-
culated, no amount of glass refinement or theoretical calcula-
tion about lens shape could escape the limit of resolution for 
visible light, which is about one-half micron. The new micro-
scopes showed commercial viability, outperforming the finest 
French and English models of the time. Furthermore, the mi-
croscopes could be manufactured in a repeatable process.

Abbe’s good friend Carl Zeiss died on December 3, 
1888, and he took this as a grievous loss. In the course of 
their collaboration, the two had created thousands of optical 
instruments used worldwide for scientific research. Although 

overshadowed by his scientific skills, Abbe was also a prolific 
entrepreneur. In 1862, the firm had 25 employees, with rev-
enues of just under 13,000 marks. By 1888, the business had 
grown to nearly 1,400 workers, with revenues in excess of 5 
million marks.

In 1889, Abbe established the Carl Zeiss Foundation in 
memory of his lost friend, and in 1891 transferred his shares 
in the Optical Workshop and the Schott Glassworks to the 
new foundation. A courageous reformer with advanced socio-
political ideas, Abbe took control of Zeiss Optical Works and 
introduced some innovative changes to help improve work-
ing conditions for the employees. These ideas were many 
years ahead of their time, but are commonplace today. They 
included paid holidays, sick pay, pensions, and an eight-hour 
workday (borne from the memory of the 16-hour workdays 
of his father). Despite its proclamation in the United States in 
1884, the eight-hour workday did not become commonplace 
until the Ford Motor Company began using it in 1914.

Abbe died in Jena in 1905. More than a century later, 
his name lives on in that city through the “Ernst Abbe Sport-
feld,” a soccer and track stadium. Fittingly, since his work also 
helped improve telescope lenses, a crater on the moon bears 
the name “Abbe” in his honor.
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