Development and Perfection
of the Topogon Lens
DR. ROBERT RICHTER,*

Zeiss-Aerotopograph,
Oberkochen, West Germany
ABSTRACT: This paper is a translation of an article which appeared in the
December issue of "Bildmess'llng und Luftbildwesen," Berlin. It is a
history of the conception and development of the famous line of Zeiss
photogrammetric lenses, first starting with the Hypergon, which was first
computed in 1900, and from it there developed the Topogon Series, starting
with the Topogon f/6.3 and ending with the distortion-free Pleogon lens
f/5.6.
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THE

first era of aerial photogram-

1 metry the lenses used for aerial photography had a field of up to 60 degrees. At

that time, mapping lenses with a larger
angular field and a sufficiently large
aperture for high-speed photography did
not even exist. Even then, however, the desire for wide-angle lenses for aerial photogrammetry was voiced. Above all Prof.
Dr. Bauersfeld and Prof. Dr. von Gru bel'
of J ena emphasized repeatedly the extreme
usefulness of a lens with an aperture of at
least f/6.3 and 90° field.
TOPOGON

F/6.3

Sti mula ted by this desire, the au thor began in 1932 to compute a suitable wideangle lens. All wide-angle lenses existing
at that time had a yery small aperture;
there was even the opinion that a large
aperture and a large angular field could not
possibly be combined.
In the attempt to reach this goal, various
fundamental lens types could be used as a
base. and the author decided to avail himself of the Hypergon (Figure 1) \\'hich was
computed in 1900 by E. van Hoegh and
later manufactured by Carl Zeiss.
The Hypergon has an angular field of
140 degrees. Neither longitudinal spherical nor chromatic aberrations were corrected (Figure 1a). Therefore, it was
necessary to keep the aperture of the
Hypergon down to fj22 in order to reduce
these errors toa negligi ble amou n t. On the
other hand, however, flatness of field
(Figure 1b) and a reduction of distortion

* Dr. Richter died very nnexpectedly
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(Figure 1c) were achieved to a very high
degree of perfection.
The Hypergon was then converted to a
field of 90 degrees (Figure 2) and used as
a basis in the computation of the new
lens. The correction of the converted
Hypergon lens is shown in Figures 2a, 2b,
and 2c.
In the front element, as well as the rear
element of the Hypergon, one thin lens
each was separated and curved until full
correction of the longitudinal spherical
aberration had been reached. As a matter
of fact, it was no si m pIe. problem to find the
most appropriate way in which to carry
out this separation of lenses. Finally, how-

February 12, 1956. See Vo!. XXI [,

868

1\0.

4, p. 785.

869

THE TOPOGON LENS

FIG. 1. Hypergon f/22.
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FIG. la. Hypergon f/22 Spherical aberration.

I
I
I

FIG. lb. HypergOll f/22 Flatness of field.
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FIG. lc. Hypergoll f/22 Reduction of distortion.
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FIG. 2. Hypergon f/6.3.

FIG. 2b. Hypergon f/6.3 Flatness of field.
FIG. 2c. Hypergon f/6.3 Reduction of distortion.
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FIG. 2a. Hypergon f/6.3 Spherical aberration.
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ever, the solution of this problem was encountered by the trial and error method
and in accordance with the Seidel theory
of image formation. The diverging lenses
were then made of flint glass, and the convergi ng lenses of crown glass, in order th us
to reduce chromatic aberrations. The resui t \\'as a so-called "Gauss-type lens,"
which, however, was essentially different
from existing lenses of this kind on account
of its extremely large diaphragm space, as
compared with the radii of the adjacent
surfaces. Most troublesome was the chromatic aberration. These errors were re-

duced to such an extent, however, that
the lens could be used in connection with
standard aerial film and a yellow filter. In
fairness to the Hypergon-so to speakfrom which it was developed, the new
lens was called Topogon.
A section through the Topogon is pictured in Figure 3, \\'hile figures 3a, 3b,
and 3c ill ustra te its longi tudi nal spherical
aberration, its curvature of field and its
distortion, respectively. At first, it seemed
unnecessary to eliminate distortion, since
Topogon photography was plotted on the
basis of the Porro-Koppe principle, the
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FIG. 3. Topogon f/6.3.
FIG. 3a. Topogon f/6.3 Spherical aberration.
FIG. 3b. Topogon f/6.3 Flatness of field.
FIG. 3c. Topogon f/6.3 Reduction of distortion.
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respective Stereo planigraph being also
equipped with Topogon lenses.
In 1932 it became necessary to manufacture uncemented mapping lenses, since
the Canada Balsam did not stand extreme
fluctuations of temperature. Furthermore,
anti-reflection coatings were still unknown, so that a small number of lens
elements was an absolute necessity in order to keep to a mi ni mum the reflections
introduced by each new glass-air surface.
For all these reasons, the newly created
Topogon lens seemed unequalled in every
respect.
The graphical illustrations in this article
depicting the cross-sections and aberrations of the various lenses always refer to
a focal length of 100 mm and the D-line of
yellow sodium light. The given angles indicate the inclination of the main ray with
reference to the optical axis of the lens.
The data on longi tudinal spherical aberration and distortion are exhaustive and
unequivocal. This, however, is not the case
with the data on curvature of field, even
though these have been presented in this
manner for decades. The latter data refer
only to the position of the image points on
the principal rays passing through the
diaphragm centre. Still, it is hoped that in
spite of these shortcomings the aforementioned material will help to illustrate the
accompanying outlines.
TOPOGON

v F/6.3

As is natural, the introduction of wideangle lenses into photogrammetry also exercised a strong influence on the instruments used for rectification purposes. Although it is in principle possible to use
lenses with any given field for rectification,
it did not take long until lenses with a
larger field were also requested for this
purpose. The four-element Topogon lens
f/6.3, however, was not suitable, since it
is corrected for infinite objects, and since
this correction undergoes considerable
modifications if the object distance is
shorter.
In order to obtain a lens which would
not evidence such changes in correction if
the scale of reproduction was varied, a
Topogon was developed which con tained
one thick glass plate each in front and in
the rear of the basic lens itself. On accoun t
of these plates, image errors were made independent of the scale of reproduction and
residual errors of distortion eliminated almost entirely. A section through the lens

FIG.

4. Topogon V f/6.3.

thus obtained is pictured in Figure 4.
The result was of greater future importance than at first expected, si nce this
lens which was originally in tended for rectifiers, proved at the same time to be an
almost distortion-free mapping lens.
As a matter of fact, only one glass plate,
viz., the one located between lens and film,
was required, if the lens was used for taking
purposes and installed in aerial survey
cameras. The other glass plate would be
located in the path of parallel rays and
could therefore be omitted. This is how the
Topogon V mapping lens f/6.3 was created.
A section through the Topogon V lens
f/6.3 is reproduced in Figure 5. As in the
foregoing, the Figures 5a, 5b, and 5c, respectively, demonstrate the longitudinal
spherical aberration, the curvature of
field, and the distortion. It will be noted
that the distortion evidenced by this
lens is so negligible that the largest errors
of horizontal position will not exceed ± 6
microns at a focal length of 100 mm. In
the following paragraphs we shall discuss
the importance of an almost distortionfree lens in spite of the Porro-Koppe principle. Finally, we want to mention that
image resolution is practically identical to
that evidenced by the Topogon f/6.3.
PLEOGON

F/5.6

At first, World War II prevented further
work towards the perfection of the chromatic correction and the flatness of field of
the Topogon lens. Very soon after the war,
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The second idea was to replace the very
heavy glass plates of the Topogon ]I by
thinner diverging lenses which, as regards
freedom from distortion, should produce
more or less the same results. This was actually achieved. A further success was the
utilization of the already well known effect
of such external diverging lenses, viz.,
their favorable influence on the light intensity at the corners of the image compared to that at the centre. The resulting
lens with an aperture of f/5.6 and 90° field
received the name "Pleogon." Another
lens was thus born that was conceived on
the inspiration of the Topogon.
A section through the Pleogon f/5.6 is
pictured in Figure 6, its longitudinal spherical aberration, its curvature of field, and
its distortion being illustrated by the Figures 6a, 6b, and 6c, respectively. These
curves will amply demonstrate the considerable reduction of field curvature as
well as distortion. At a focal length of 100
mm., the errors of horizontal position
caused by image distortion will be only
± 2 microns. As compared to the image
centre, light intensity at the corners was
increased considerably; is now 100 per cent
higher than in the case of the Topogon and
Topogon ]I lenses.
THE USE OF DISTORTION-FREE LENSES
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Fig. 5b

Fig.5c

FIG. 5. Topogon V f/6.3.
FIG. Sa. Topogon V f/6.3 Spherical aberration.
FIG. Sb. Topogon V f/6.3 Flatness of field.
FIG. Sc. Topogon V f/6.3 Reduction of distortion.
however, these investigations were resumed by the author who, in close collaboration with Mr. F. Koch, followed two
- newly developed ideas.
It was found that flatness of field as well
as chromatic performance could be considerably improved by the introduction of
a correcting lens system in the diaphragm
plane of the Topogon or the Topogon V,
this being the place where the angles of incidence of the light rays are largest and
where, as a consequence, there is a good
chance to considerably influence the lateral
image points with relatively simple means.

In principle, it is not absolutely necessary that a mapping lens be free from distortion, since any degree of distortion can
be eliminated by means of the PorroKoppe principle, according to which the
same lens is used for taking and plotting
the photography. In reality, however, such
a procedure is, unfortunately, hardly ever
possible, since different specimens of the
same lens are used for taking and plotting.
Consequently, there is the necessity to
manufacture the lenses, at least with regard to their distortion, in very close
tolerances, so that they can be considered
identical.
Examining the distortion of the Topogon
lens f/6.3 as pictured in Figure 3c, the
reader will agree that it will hardly be
possible to manufacture this curve with
an identity of ± 2 microns. In fact, investigations carried out on hundreds of lenses
have proven that these deviations have, in
the majority of cases, been considerably
larger. This makes it necessary to specially
select lens pairs or groups if more precise
plotting is required. It will always be possible to select practically identical groups
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FIG. 6. Pleogon f/5.6.
FIG. 6a. Pleogon f /5.6 Spherical aberration.
FIG. 6b. Pleogon f/5.6 Flatness of field.
FIG. 6c. Pleogon f/5.6 Reduction of distortion.
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from a sufficiently large number of lenses;
and we have to admire the plotting
accuracy obtained in this manner.This accuracy gives evidence of mechanical masterpieces accomplished without any gauges
and just by excellent craftsmanship alone.
In spite of all, it is to be expected that a
distortion as evidenced by the Pleogon
lens (Figure 6c) will not only si mplify the
selection of lens pairs, i.e., their matching,
but will also bring about an increase in the
accuracy resulting from the entire photogrammetric procedure.
In the computation of the Topogon V
lens, the author already had in mind the
solution of this manufacturing problemfor such a problem it is. Now that the Pleogon lens has been computed, this problem
has been brought one step closer to its solution.
The Pleogon lens f/5.6 permits the taking and plotting of aerial views with a precision unequaled up to now. With this
lens, map compilation should therefore he
carried to quite a new stage of accuracy in
the field of wide-angle lenses.
The Pleogon lens f/5.6 with a focal
length of 153 mm. (6") is intended for a
negative size of 23 cm. X23 cm. (9" X9")
and has now been included in the manufacturing program of Carl Zeiss.
For this reason we are now in position to
supplement the geometrical-optical observations made in the foregoing paragraphs by the experiences made in laboratory tests as well as with actual photographs from the air.
The negative size has a diagonal of 306
mm., which is exposed with astounding
uniformity and sharpness to the very
edges. Even the majority of standard amateur lenses with their normal fields of approximately 50 degrees do not usually evidence better illumination at the edges of
the negative.
With special consideration given to the
requirements of photogrammetry, the best
correction and above all the almost complete freedom from distortion have been
achieved for the color of the yellow sodium
line. This color corresponds to the main
part of the light generally used for taking
photogrammetric ·pictures. In connection
with the special Zeiss photogrammetric
filter D-which should always be used in
order to cut through surface hazestandard aerial film is very precisely balanced for the yellow sodium line. Under
these circumstances, the distortion of the
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Pleogon lens is so negligible that even in
the case of very exacting demands the
term "distortion-free" may be applied.
According to our measurements, this distortion is ±4 microns at the utmost and
can positively be maintained in such tight
limits also in series production. Thus, the
distortion of the Pleogon lens is only onethird of anything reached up to now by a
lens of 153 mm. (6") focal length and 90 degree field. "Vith these results, even the per-

formance of the Topogon V has been surpassed.
The color correction of the Pleogon is
such as to permit this lens to be used also
for color photography.
As will be noted from the above experimental results, the practical use of
this new lens appears to fully confirm the
theoretical observations made in the first
few paragraphs and the expectations based
thereon.

• aerial engineering surveys and maps • mapping
and oblique photography
• photo-mosaics. aerial
inventories • nationwide
service.

photogrammetri( engineers
aerial photographers
CLEVELAND 24, OHIO

HYCON AERIAL SURVEYS SIGl\S MUTUAL
REPRESENTATION PACT WITH
PERUVIAN MAPPING AGENCY

Signing of a mutual representation
agreement with the Peruvian Air Force
Mapping Agency has been announced by
Duane O. \Vood, executive vice president
of Hycon Aerial Surveys, Inc., Pasadena,
Calif.
Mining companies and other firms desiring aerial geophysical surveyor photo-

grammetric mapping service in Peru will
be offered the combined facilities, equipment, and personnel of both Hycon and
the government agency. The Peruvian Air
Force Mapping Agency will also act as
Hycon's sales representative in that country. Firms operating in Peru will be able to
contract for service with the Varian
Nuclear Resonance Magnetometer. This
instrument makes magnetic measurements
which help to locate deposits of iron and
other metal ores often associated with
magnetic minerals.
Officially known as the Servicio Aerofotografico Nacional, the mapping agency
of the Peruvian Air Force operates under
the director general of the Aeronautics
Administration of the Peruvian government.

