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A thousandfold linear enlarging
If you look through a powerful microscope at developed film of ultrahigh resolution, then you

will see so-called 'grain'. But this isn't really the silver grain, but only gaps between the develop-
ed crystals. These gaps form a 3 dimensional layer, and are also able to image with a certain
depth the more-or-less acute light ray of the photolens, with its level of detail. If you look per-
pendicularly onto a developed layer which has been imaged at an angle, then you will see a
certain overlap of the developed crystals, and the resolution will look worse than if you looked
from the exact same angle of the original light ray. Until now, this theoretical view has never
played any practical part with usual films in gaining the maximum resolution.
The following was made for getting a 1000x enlargement of a Gigabitfilm-negativ, photo-
graphed with a diffraktion limited lens 1:2.5 (State of the art, as of 1989):

First a special lens was made (a variation of the 'Homal'-method (1) for microprojection, using
Dr. PAUL RUDOLPH’s original hyperachromatic negative lens (2), the presuccessor of the famous
Planar of today) to fit to a standard enlarger. The purpose being to enlarge an area of 16x21 cm
by 100 fold, using a normal separation of 70 to 80 cm between the head of the enlarger and the
baseboard with normal separation from the film to the rear node of the lens. A modification of the
light source with a weaker diffuser of the enlarger was advantageous, for the achievement of nor-
mal exposure times. Without the diffuser, there were disturbing diffraction overlays due to im-
perfections, or fluctuations in the refractive index of the emulsion, as with a point source of light.
   Test enlargements showed freedom from distortion, image field smoothing and even resolution
without disturbing chromatic effects. A lens designer who had just computed a new range of
optical systems for aerial photography said after seeing these images: "If you had asked us to
produce these quality parameters, it would have cost you plenty of money." These enlargements
produced with this 100 fold lens looked substantially better than with a conventional Apo enlar-
ging lens. With conventional Apo lenses, a direct 100x could only be produced with difficulty in
the laboratory, – this isn't really acceptable for the normal user; because who has access to a
projection area of 5 metres to make such enlargements?
   I was still not happy with the resolution of edge detail, even with the 100 fold enlargements using
this special lens. I knew that by using "optical tricks" under the microscope, that I could get more
detail from the negative. Thus I decided, after a vague clue from a publication of the 1930s (3),
to do as complete as possible an optical reconstruction of the conditions surrounding the
taking of the image, in order to obtain the maximum image quality in ray path retracing during
enlargement.

The same lens (4) as used in taking the image was attached to the enlarger, the same aper-
ture (1:2.5) was used, as well as the same position as on the camera. Of course the negative
was mounted centrally, therefore everything was in exactly the same position as for taking the
image. Since the taking lens used was one that can be corrected for every image ratio by using
floating elements, only instead of a distance setting of 50m, only 2m was used for the enlarge-
ment. I considered this acceptable. A small format camera, minus lens, was installed at the
image plane on a micro slide. The camera was also loaded with Gigabitfilm. The focussing
region was stepped driven through in about 40 increments of a few hundredths of a millimetre
each. The best looking positive, with a low gamma, was again copied at 20x linear onto a Giga-
bitfilm in 4 x 5 inch, again using a number of fine focussing steps. The finished negative served
as the optimised negative for – all factors taken into consideration – the 1000 fold linear enlar-
gement on normal photographic paper (with it's low resolution around 30 lp/mm). Here was the
big surprise: This image showed more detail than I seemed to see under the microscope!
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About this image quality (State of the art of Gigabitfilm progress in 1989 – today it's even bettter.)
it should be remarked that losses during multiple copying added up, and to further optimise
the process – any condenser which is in use today presents some fundamental optical
problems. For new design of condensors or scanners for high resolution it could be important.
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Picture Example Gigabitfilm

Please note:
A thousandfold linear enlarging from a

35mm format negative results in a print
size of 24x36 meters!

The original photo1 of the shown
thousandfold detail is exactly 100mm
long and 105mm high.

You can download this picture part as
an uncompressed picture file (675 KB)
from the area Information/Science/Optics.

Possibly with different digital picture
optimization processes further details
are visible. If you have experiences
please contact us.

First published in english June 24th, 2001

1 This picture is identical to the original print!
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