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FOREWORD

HIS report was prepared by Oliver S. Reading, U.S.A., Chairman and
James J. Deeg, U.S.A., Secretary of Commission 1. The other members of
the Commission are: C. A. Hart, England; A. Rainesalo, Finland; J. Cruset,
France; J. M. Corsten, Netherlands; Olof Hagsten, Sweden; and D. Chervet,
Switzerland.
This report has been written: (1) To summarize the achievements in photography for photogrammetry from 1938 to 1947 inclusive; (2) To describe briefly
the most recent cameras for photogrammetry; (3) To discuss standardization
of the tests and specifications for cameras, lenses, equipmen t and materials;
(4) To indicate the factors, at present believed to handicap the efficiency of
photography for photogrammetry, for which research and improvements seem
especially desirable. *
The report is neither as complete nor as accurate as desired, due to numerous factors beyond the control of Commission 1. It is hoped, however, that the
report may stimulate valuable discussions and further cooperation in the sessions
of Commission I at the Congress.
The cordial cooperation of the various national reporters and those who
assisted them in furnishing the data for this report is gratefully acknowledged.
It is regretted that a number of national societies have been unable to submit
data in time to be included.
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PHOTOGRAPHY ACCOMPLISHED

1938-1947

WAR PHOTOGRAPHY

The 1939-1945 War tremendously stimulated the air photographic operations of all nations directly taking part in it with the exception of those occupied
by hostile powers. Accurate information regarding the amount and character of
these operations is not available to the Commission but a few general remarks
may be of interest. It is understood that the German Luftwaffe photographed
practically all of Europe, including Russia nearly to the Urals. This was secured
for possible photogrammetric mapping, mostly with Zeiss RMK 20/30 cameras,
on scales varying from 1: 20,000 to 1: 50,000. A large portion of North Africa
was photographed with the Pleon lens. Important areas were photographed on
much larger scales, with cameras ranging from 50 to 100 em. in focal length.
Maps of all active areas were constructed by various methods from these photographs. Relief models of l\irge scale and in much detail were constructed of important strong points held by opposing forces.
The United States military forces photographed 41,440,000 km. 2 (16,000,000
square miles) with tri-metrogon cameras, primarily for the construction of
aeronautical charts. Approximately 6,675,000 km. 2 , (2,500,000 square miles) were
photographed vertically for large scale, more detailed mapping. This photog* References, indicated by numbers in the text of the report, are given immediately following
the end of the report.
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raphy and some millions of photographs taken for in telligence purposes other
than mapping, amounted to some 500,000 rolls of 9" X 150' film negatives. Often,
photographic aircraft were equipped with six or more cameras, in order to obtain all coverage practicable with both large-scale in telligence photographs and
wide-angle smaller-scale mapping photographs on each flight. Large staffs were
organized for processing, interpreting and analyzing the photographs. These
staffs obtained surprisingly complete and accurate information from the photographs. Changes recorded by photographs on successive periods were particularly valuable for revealing hostile operations and plans. Photographs taken
before, during, and after bombing, were highly useful for selecting targets, improving aiming techniques, and assessing bomb damage. The information obtained from the photographs effected such great savings in life and materiel
that normally no major operations were undertaken until photographic coverage
had been obtained. Photographic requirements were accorded high priorities.
Although a considerable portion of the war mapping photography was below
peace-time standards due to unfavorable weather, enemy action, and other
handicaps, the importance and intensity of the efforts called for'th much research and a number of valuable developments, most of which are referred to
later in this report. New and improved lenses were developed; shutters were
speeded up; cameras were made more reliable and precise; new navigation instruments and processing machines with much improved performance were
constructed; scarcely an item concerned with aerial photography but was improved under the stimulus of war needs. The results of this intensive effort were
so successful that similar research is being continued with much vigor, as this
report is written.
PHOTOGRAPHY ACCOMPLISHED NOT PRIMARILY FOR WAR PURPOSES

The Commission received some reports of photography accomplished for
purposes not primarily concerned with war which are of interest, as the reports
indicate types of photography so useful as to be carried out, notwithstanding
considerable pressure for other uses of the resources involved.
Finland
Approximately 3,000 photographs on scales of 1: 20,000 and 1: 40,000, covering an area of about 10,000 km. 2 , were taken for stereoscopic air triangulation.
About 50,000 photographs were taken for planimetric mapping, covering about
100,000 km. 2 on 1: 20,000 scale (with some towns on 1: 10,000 scale). Eight
cameras of the Nenon-Zeiss types, equipped to take double-horizon photographs
simultaneously with the main exposure on the same film, were used. Simultaneous photographs of a statiscope by Viiisiilii were also taken. *
Netherlands
Some 5,000 photographs were taken for stereoscopic mapping, on scales
ranging from 1:4,000 to 1:12,000, with Zeiss 2XMK. 21 twin cameras. These
cameras have 21 CM. Zeiss Orthometer lenses set with axes converging at 27 degrees. The map compilation scale was 3 to 5 times larger than the photo scale for
the stereoplanigraph, and the same or 20 per cent larger for planimetric mapping
with plotting stereoscope. Some 65,000 photographs were also taken on 1: 20,000
scale for planimetric maps or mosaics, with various cameras. In the Netherlands
East Indies, about 173,000 km. 2 were photographed on scales 1: 20,000,
1 :30,000, and 1 :40,000, with Zeiss RMK P10 and P20 cameras and 'f0pogon

* See 1938 report for descriptions of these cameras and instruments, also in PHOTOGRAMMETRIC
ENGINEERING,

June 1938.
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lenses, and with Fairchild cameras and 150 mm. Metrogon lenses, mostly for
geology. In the Netherlands West Indies, 835 photographs were taken for
stereoscopic mapping and mosaics of 216 km. 2 on scales 1: 10,000 and 1: 15,000,
with Zeiss RMK 1818-21 camera. Four thousand five hundred photographs on
a scale of 1 :40,000 were taken for geology with a Wild R C 5 camera with 12
em. lens.
France*
The following photography was accomplished for stereoscopic mapping, for
the Institut Geographique National-with Poivilliers-S 0 M plate cameras:
155,000 km. 2 (59,800 sq. mi.) at 1/25,000 scale for 1/20,000 scale maps
50,000 km. 2 (19,300 sq. mi.) at 1/40,000 scale for 1/40,000 scale maps
1,000 km. 2 (386 sq. mi.) at 1/15,000 scale for 1/10,000 scale maps
500 km. 2 (193 sq. mi.) at 1/10,000 scale for 1/2,000 scale maps
With Fairchild K17 camera, 6 inch Metrogon lens, 415,000 km. 2 (160,200
sq. mi.) at 1/40,000 scale for 1/100,000 scale maps.
For stereoscopic mapping by various other organizations: with CadastroGallus camera equipment, 3,400 km. 2 (1,310 sq. mi.) at scale of 1/5,000 to
to 1/1,000 for 1/5,000 and 1/1,000 scale maps; with various other cameras, an
additional 8,000 km. 2 (3,090 sq. mi.) were photographed at scales of 1/10,000
or larger.
For planimetry: 40,000 km. 2 (15,450 sq. mi.) were photographed for the
Institut Geographique National, at a scale of 1/40,000 for 1/50,000 scale maps;
for other organizations, 8,360 km. 2 (3,230 sq. mi.) were photographed at scales
of 1/5,000 to 1/12,500 for planimetric maps of 1/2,000 to 1/5,000 scale.
For mosaics from rectified photographs: 6,500 km. 2 (2,510 sq. mi.) were photographed on 1/10,000 and 1/15,000 scales for 1/5,000 and 1/10,000 scale mosaics for the Institut Geographique National; 500 km. 2 (193 sq. mi.) were photographed on a scale of 1/1,500 for rectified mosaics on 1/500 scale with f 500
mm. Labreley and Zeiss cameras, for the Ministere de la Reconstruction et de
l'Urbanisme.
For unrectified mosaics: 7,400 km. 2 (2,860 sq. mi.) were photographed on
scales from 1/500 to 1/30,000.
For economic and other studies: 12,500 km. 2 (193 sq. mi.) were photographed on scales of 1/5,000 to 1/12,000.
Maps on scale of 1/200 to 1/20,000 were compiled from terrestrial photographs of about 3,000 km. 2 (1,160 sq. mi.) mostly with Wild or Zeiss phototheodol ites.
Sweden
The Rikets Allmanna Kartwerk (The Geographic Survey of Sweden) photographed 235,000 km. 2, about 42,000 negatives, on 1: 20,000 scale, with Zeiss
R M K 20/30 cameras specially modified to use vacuum for holding the film flat.
(Negative size 30X30 CM.2 Topogon 20 em. focal length). Five thousand six
hundred photo maps covering 140,000 km. 2 were made on 1: 10,000 scale from'
rectified photographs, using pass points determined through the aid of aerial
triangulation from geodetic control. In July 1947, an Order Department was
organized at the RAK (Geographic Survey) to take care of special mapping
work which is not included in the systematic mapping of the country. It receives

* This and other material and illustrations for France were taken from the French Report to
the Commission. This report was delayed in transmission and was not received until after the
Commission's Report had been set in type. The publication date made it impos~ible to include all
material in the French Report.
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and carries out commissions for private purposes also. 10,600 km. 2 were photographed, and about 100 contour maps and controlled mosaics were made during
the latter part of 1947 by this Order Department. Little aerial photography has
been done by private firms.
Switzerland
Twenty-eight thousand photographs were taken for stereoscopic plotting of
maps of 1: 10,000, 1: 25,000 and 1: 50,000 scales; 22,600 photographs for planimetric mapping on 1: 25,000 scale, and 1,100 photographs for mosaics on 1: 2,500
to 1: 10,000 scale. All of these photographs were taken with Wild cameras C 2
and R C 5. Six thousand eight hundred terrestrial photographs were taken for
maps on scale 1: 500 to 1: 25,000.
United States
Prior to entry into the war in 1941, a very vigorous competition developed
between private contractors for aerial photography, mostly due to the large
amount of photography con~racted for by the Department of Agriculture, for
land use, soil conservation a.nd forest resource studies. Such photography is done
under standard specifications originally drafted by the American Society of
Photogrammetry, which included in its membership both the contractors and
the persons using the photographs. Although most of the photography is used
directiy in economic studies not requiring precise measurements, or for mosaics
and planimetric maps, the specifications require the use of precision, calibrated
cameras, and between-the-lens shutters, to permit of stereoscopic mapping from
the photographs, if desired. A 9"X9" (24X24 cm.) negative, 8t" (210 mm.)
focal length lens, and a scale of 1: 20,000 are specified for most of the photography for the Department of Agriculture. New photography for these purposes'
was practically suspended from 1942 to 1945 due to war exigencies; nevertheless,
some 1,750,000 photographs of 5,281,700 km. 2 (2,039,240 square miles) were
taken for this Department, from 1938 to 1947.
A number of Federal Agencies which do not operate aircraft but which are
primarily concerned with stereoscopic mapping, have found it desirable to own
their own cameras or to specify very strict tests for the cameras and for the flying of the contractors. The specifications used by the Geological Survey for stereoscopic mapping are published in the MANUAL of PHOTOGRAMMETRY of American Society of Photogrammetry, as well as the Federal Specifications for
general purpose photography. In addition to the requirements listed in the specifications for stereoscopic mapping, an effort is made to space exposures abreast
each other in adjacent flight strips, whenever preliminary flight maps are sufficiently accurate and complete to check this spacing. This has proved to be both
practicable and worth while in such cases, as each ground control point in the
zone of overlaps may then be used in four models. A metrogon lens of 5!" (140
mm.) focal length photographing on a 9" X9" film is preferred by the Geological
Survey for stereoscopic mapping with the Multiplex, as this permits lengthening
the air base at some sacrifice of strip width as compared with the 6" (153 mm.)
focal length standardized for military use. Approximately 906,500 km. 2 (350,000
square miles) in the United States were photographed for United States Geological Survey mapping. Most of this photography was done by private contractors. Data for photography used for military mapping are not available.
The Corps of Engineers reports that, in addition to laboratory tests and
calibration, it has been found advisable to require a service test of photographs
taken over a fully controlled area, for cameras to be used for stereoscopic mapping. Diapositives from the test photographs are checked in the Multiplex prior
to commencement of the photography and periodically thereafter for large
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projects. The test is required because of the large number of cameras found to
be faulty when first tested. Further tests of each roll of film are made of random
models by comparison of the dimensions between the marks in the camera with
those of the fi'lm and check stereoscopic orientations. These checks occasionally
disclose faulty processing. Some 70,000 km. 2 were mapped by the U. S. Engineers
with the Multiplex, from photographs taken by private contractors since the
war. Photographs from military sources are not included in this report.
Although making use of a considerable amount of single lens photography,
the U. S. Coast and Geodetic Survey has continued the development of the
nine-lens camera described in the report to the 1938 Congress. The transforming
printer which makes the composite print from the nine separate images on the
aerial negative has been modified to permit some six adjustments controlled by
dial gauges, for better compensation of film shrinkage and distortion. The nine
lens camera is used for all photography of the coast, where terrain is difficult of
access and ground control is expensive. 186,500 km. 2, (72,000 square miles) were
photographed for mapping by the Coast and Geodetic Survey, on scales of
1: 10,000 and 1: 20,000.
A notable use of the Brock glass plate camera and associated stereoscopic
mapping equipment was made by the Aero Service Corporation. 1: 1,200 scale
maps with two foot con tours were made from 1: 5,000 scale air negatives of a
arge number of new manufacturing plant sites much more rapidly and economically than work of similar quality could have been accomplished by ground
surveying methods.
In addition to photography for governmental purposes, commercial concerns
have photographed approximately 647,500 km. 2 (250;000 square miles) for
private sale.
Extensive use of tri-metrogon photography is continuing for small scale
maps and charts by Canada as well as the United States. Sturdier mounts and
more careful calibration than the improvisations of war times have been developed.!
SPECIAL PHOTOGRAPHY

Continuous Strip Photography
One of the most notable developments in special aerial photography has been
the Sonne Continuous Strip Camera. In this camera, the film is moved past a
narrow slit in the focal plane at the same speed as the images travel. Sharp
images are obtained from aircraft two or three hundred feet above the ground,
travelling at speeds as high as 400 miles per hour. Numerals on the license tags
of automobiles and similar fine detail can be easily read on such photographs. A
double lens cone can be exchanged for the single lens, with the lenses staggered
in refation to the slit, to obtain continuous stereoscopic strips on a single film.
Under the keen sponsorship of Col. George W. Goddard, stereoscopic measuring
devices and beautiful stereoscopic projections in color have been developed. As
the continuous stereoscopic full color images move across the screen, one obtains
very much the same view as if in the airplane itself, with the additional advantage that one has more time to view the terrain and can halt the motion without
disaster, if desired. Satisfactory one-foot contours have been drawn from measurements on the stereoscopic strips, both above and below the water, along
beaches of interest to the armed forces. Oscillations of the aircraft and camera in
flight caused very noticeable lateral distortions in photographs taken with earlier
models of the camera but these have been much reduced by photographing
through gyro stabilized mirrors in later models.
Special photography has been employed to obtain the depth of water ap-

234

PHOTOGRAMMETRIC ENGINEERING

proaching the shore. One method uses carefully timed exposures to obtain wave
velocity and then by computation, the depths. Another employs simultaneous
exposure through infra red, red and blue-green filters to estimate the depth, by
differences in density of the images so obtained. Neither method is as satisfactory as stereoscopic measurements when the water is clear enough for the
bottom to be photographed.
Color Photography
Considerable amounts of color photography have been done for estimation
of clear channels in tropical waters, better in terpretation of geology, camouflage,
etc. The materials and processing are about five times as expensive as monotone
photography, have less latitude and speed, and have much less haze penetration.
However, beautifully true reproductions of color in aerial photography are
practicable whenever the necessary expense and waiting for suitable conditions
are warranted.
Forest Sampling Photography
Difficulties in obtaining satisfactory color photographs at low cost led the
staff at the Harvard Experimental Forest to experiment with a combination
infra-red film and a yellow filter for differentiating the timber species in mixed
forests. Sufficient density gradations were secured to permit dependable sampling. 2 There are still unknown factors which vary the quality of these photographs and their usefulness for this purpose. These may include among others,
the color values of the foliage depending on the state of the chlorophyl content,
or perhaps the atmospheric conditions, including color and density of the intervening haze. Additional research is desirable in this field. Also desirable would be
a wide-angle lens with better color correction than is now available. The U. S.
Forest Service has awarded contracts or obtained negatives for approximately
97,500 km. 2 (37,000 square miles) of this type of photography.
Radar Photography
Considerable photography of the radar screen was accomplished during the
past war. Experimental work is continuing towards the perfection of equipment
and on methods and techniques for utilization of radar photography for preparation of special maps and charts. Charts showing a minimum of features for air
navigation have been compiled from radar photographs.
Special Terrestrial Photography
In the etherlands, 1,296 terrestrial photographs were taken of 13 monuments of architecture with a special camera by De Koningh using a 21 cm.
Orthometer lens. The scale of the photographs varied from 50 to 250 for maps
of 1: 100 scale.
The U. S. Forest Service made extensive use of terrestrial photogrammetric
methods in the acquisition of supplementary control for its topographic mapping
activities. Eight cameras were built, equipped with telescopes and mounted on
transit bases. With these, approximately 8,650 terrestrial photographs from 665
stations were made on 5" X 7" glass plates. Prints are made on waterproof paper.
Horizontal and vertical control is resected on the plotting base by use of the
photo transit, and vertical measurements are computed from scale distances
available after a radial plot is completed. The cameras use 12" (300 mm.) Artar
lenses.
CAMERAS
RECENT MODELS

This report will discuss briefly the cameras which have been generally used
with fuller descriptions of the more recent cameras designed for precision stereoscopic mapping.
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FIG. 1. Williamson O.S.c. camera Mark 2 (England). View showing instruments.

England
(a) F. 46 For torpedo-attack training and torpedo-attack records.
Picture
Focal length
Capacity
Operation
Shutter

7 in. X2 in.
5 in. f/4 or 5 in. f/4.5
Four pictures on a spool
Daylight loading
Electrical
Louvre 1/100 sec.

Electrically connected with a recording camera for synchronized l'ecords of aircraft instruments.
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(b) F. 49 For air survey.
Picture
Focal length
Capacity
Operation
Shutter

9 in. X9 in.
6 in. and 12 in.
200 exposures
Electrical
Sector for 6 in. lens.
Louvre for 12 in. lens.

(c) F. 52 For high altitude reconnaissance
Picture
Focal length

Capacity
Operation
Shutter

8! in. X7 in.
20 in.
30 in.
36 in.
and .40 in.
250 or 500
Electrical
Focal plane

(d) F. 83 For air survey
Picture
Focal length
Capacity
Operation
Shutter

8! in. X7 in.
6 in. and 12 in.
250 or 500
Electrical
Continuously rotating flywheel gives power to the sector shutter 1/250 sec.

(e) Williamson O.S.C. Mark 2. For air survey, lens 6 in. Ross Wide Angle
Survey F/5.5. See Figure 1.
Image size, 9" X9" (228 mm. square)
I nstrument Record, 9" X 1" (between pictures)
Picture spacing, 10.12 in.
Maximum film capacity, 500 exposures 430 ft. (131 meters)
Operation--entirely electrical, no provision for hand operation.

The Mark 2 Camera, the most recent British design now in use for precision
photogrammetric photography, has many unique features worthy of attention of
photogrammetrists: The camera follows the British practice of using a glass
focal plane register plate on the emulsion side of the film, against which the film
is flattened by a spring actuated pressure plate in the magazine. Lens, cone,
and register glass form one rigid unit that is carried inside the main housing.
The lens is specially computed for minimum distortion when used with the glass
register plate. The lens is adjusted by means of a patented floating mount to
bring the principal axis coincident with the center cross on the regieter glass.
The lens may be removed and replaced without disturbing this adjustment but
if the register glass is changed, the lens must be recollimated. The standard
register glass is provided with marginal collimation marks in the center of each
side of the picture in addition to the center cross. The marginal marks are provided with auxiliary illumination in the form of circles of light 0.18" in diameter.
The shutter is of a special between-the-Iens se~tor type driven by a continuously rotating flywheel, with a friction clutch activating the sectors for one
revolution. The exposure can be infinitely varied between 1/100 second maximum and 1/300 second minimum, by remote control of the speed of the motor
driving the flywheel. The sector shutter unit is removable through a slot in the
lens body, without disturbing the lens in any way. The lens flange is screwed and
doweIIed to a subplate machined accurately parallel. The cameras are individually machined in accordance with the laboratory test data for each lens. Raised
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pads at the corners of the camera cone are machined parallel to the register
marks to facilitate calibration.
A large instrument panel (9" X 1") extending across the film between exposures gives an unusual amount of room for recording instruments.
The entire camera is surrounded by an air-heated enclosed space formed by
the mount and a transparent dome. Heated air is introduced by a duct discharging near the filter and lens, and leaves the enclosure by an opening on the
opposite side of the camera near the magazine. Figure 2.
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FIG. 2F. Poivilliers-S. O. M. Automatic Plate Camera.
Capacity 192-13X18 cm. or 96 18X18 plates; minimum cycle time, 3 seconds.
Weight, complete with mount and loaded magazine, 141 kg. (310 Ibs.).
Dimensions, over all, 96X96X64 cm. (approximately 38X38X26 inches).
Lenses and shutters: "Olor" F /5.7, f 200 mm., and "Perigraphe," shutter type 0 B 33, speed 1/85
seconds (total time open), 70% efficiency.
"Aquilor" F 6.2 lens, f 125 mm., S. O. M. special shutter, two blades (see Figure 2F IJ ) . This onepiece lens block and special shutter construction is used to maintain the best possible centering
of the lens elements. Shutter speeds 1/75 to 1/150 seconds, more than 70%efficiency. Magazines
and lens cones are interchangeable.
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FIG. 2F'. Poivilliers-S. O. M. Automatic Film Camera.
This camera uses 18 X 18 em. film and can take 200 views with one magazine. The drive mechanism is controlled by a time release lever with a view-finder enabling forward overlap to be regulated; time interval is adjustable from 5 to 40 seconds. Hand operation and single exposures without
interruption of the series are possible. Images of an altimeter, level, exposure "number and date are
registered in the space between exposures.
The lens mounted on the lens cone is the "Aquilor" S. O. M. f = 12.5 em. F /6.2. The mount is
in one piece with a between-the-lens shutter which can be fixed without removing the elements of
the lens, Figure 2 F". The fiducial marks are attached to the cone. The cone and lens can be removed for calibration on the photogoniometer, Figure 14 F'. The magazine is a detachable type.
A moving plate presses the film against the camera and a suction device assures that the film is in
the focal plane at the time of exposure.

I

I

I
I
I
I
FIG. 2 F". Shutter S. O. M., used with "Aquilor" f 125 mm. lens.
The lens is mounted in a single cylindrical block to insure the best possible retention of
the centering of the lens elements.

I

I
,I

240

PHOTOGRAMMETRIC ENGINEERING

Netherlands
Cameras manufactured in other countries are used. The hand operated
Zeiss type 2 X MK 21, size of image 18 cm. 2 , has been used very successfully for
many years, especially for large scale work. The camera is suitable for convergent photography of stereoscopic pairs, with its two camera chambers operating
simultaneously in the direction of flight, ahead and astern (2 Orthometer lenses
F 21, angle of optical axis 27°, angle of each axis with vertical 13.5°). The
camera can also be used with dihedral angle across the line of flight for greater
lateral coverage as well as for normal vertical photography. For the latter purpose, the position of the twin camera in its mount can be altered so that one of
the optical axes is approximately vertical, and putting the second camera
chamber and its film magazine out of action.

FIG. 3. SKa 5 camera (Sweden).

241

REPORT OF COMMISSION I-PHOTOGRAPHY

Zeiss RMK P 10 and P 20 cameras with horizon attachments or built in
horizon cameras also with a self registering statoscope camera, are used in many
projects. For geological purposes, the Zeiss standard "swing" mount was used,
so that besides verticals, obliques could be taken in series to left and right 30°.

•
Sweden
For civil use, Zeiss type RMK 20/30 are mainly used in Sweden. The
cameras in their original condition were not quite satisfactory as to the device
for holding the film flat against the locating back. This part of the cameras was,
therefore, reconstructed using vacuum instead of air pressure-Swiss patent
27007. Indicators were also built into the cameras to show if the film has
actually been in contact with the focal plane frame during exposure.
For military use, a number of small aerial cameras have been built. In 1944,
Ross Aktiebolag commenced production of a precision mapping camera named
SKa 5. Figure 3. This camera is a fully automatic, precision mapping camera
using unperforated roll film, 19 cm. wide, with a negative size 18X24 em. The
magazine accommodates film 55 meters in length. The camera is equipped with
an intervalometer for fixing the exposure interval, with provision for taking an
extra exposure between the automatic series intervals. The shortest interval for
exposures is 4 seconds. The camera is provided with signal lamps. A red lamp
gives a signal 4 seconds before exposure, and a green lamp is lighted all the time,
except when the camera is getting ready for the next exposure. The green lamp
gives a signal if there is any trouble with the camera or if all the film is used.
The camera is provided with a behind the lens shutter for 1/75, 1/150, 1/250
seconds and time exposures. The shutter efficiency is more than 80 per cent. The
camera is provided with heating.
Switzerland
The cameras used, or in construction, are shown in the following table:
Type
(1) Wild C-2
(2) Wild RC-5

Dis. foeal
165 mm.

Format used

Material

12.5XI2.5 em.

Plates
13X13 em.
10 exposure magazine
Film
19 em./60 m.
280 exposures
Film
20 em./60 m.
280 exposures.
Film
6 em./7 m.
100 exposures.

115/210 mm.

18X18 em.

205 mm.

18X18 em.

140 mm.

6X6 em.

In eonstruelion
(5) Wild RC-6

165 mm.

12.8XI2.8 em.

(6) Wild RC-7

170 mm.

15X15 em.

(3) Zeiss
C/2-21
ehambre double
(4) Alos

Film
13.2 em./15 m.
100 exposures.
Plates
15X15em.
80 exposures.
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The Wild C-2 plate camera was used for all photographs for the new national
maps of Switzerland on scales of 1: 25,000 and 1: 50,000, as well as 80% of those
for cadastral surveys. It is also used for hand-held obliques. The camera was
remodeled in 1946 and provided with a new between-the-Iens shutter having
speeds up to 1/500 second. This camera will continue to be used, together with
calDeras employing film, for special work of great precision on a large scale
(1:1,000,1:2,000 cadastral surveys).
The Wild RC-5 has been used since 1945 esp~cially for aerial triangulation
(See report of Prof. Bachman on aerial triangulation). This entirely automatic
camera offers two interchangeable cones, a wide-angle with lens of 115 mm.
focal length and a normal-angle of 210 mm. focal length. The image size is
18 X 18 em. When changing cones, the lens, shutter, diaphragm, supporting cone
and registering instrumen ts are also changed to keep the inner orien tation constant. The focal length is defined to about 0.02 mm. and the principal point to
0.03-.04 mm. In the RC-5 camera, the release of the shutter and movement of
the film are entirely automatic by electric power, controlled by an automatic
overlap regulator at 20, 25, 60 or 70% overlap in the direction of flight as desired. The regulator works with the aid of lines in the field of view of the finder
or sight. The movement of these lines is adjusted by the operator to synchronism
with the apparent movement of the terrain and all further control of the interval
is done automatically. The overlap regulator functions satisfactorily, even in
moun tainous terrain. The telescopic fi nder shows the area covered by ei ther
objective and allows for the correction for drift.

FIG. 4. Wild RC-6 camera. 1. Winding motor; 2. Vacuum motor;
3. Sight.
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FIG. S. Wild RC-6 camera, open view. 1. Control Mechanism; 2. Hand Crank; 3. Instrument panel; 4. Vacuum motor; 5. Sight.

The Wild RC-6 is a semi automatic film camera, weighing with mount 17.4
kg. (38.3 pounds). Either hand or electric operation can be Llsed. Figure 4.
The minimum interval between exposures is 2 seconds. The b.etween-the-lens
shutter has speeds up to 1/500 second. The number of the camera, focal length,
4 index marks, a watch and coun ter are photographed on the negatives, Figure
5. Because of its limited weight, its size and high shutter speed, the camera may
be advantageously mounted on small, fast aircraft.
The Wild RC-7 is under construction and will be exhibited at the Congress.
This camera is equipped with the automatic overlap regulator of the RC-5 but
uses plates. The plates are carried in two magazines of 40 plates each. The lens
is an f 4.2 operating at full aperture, without loss in the quality of the image.
The lens is not interchangeable. Plates were adopted for the camera because it
was decided that films, at present available, do not permit either full utilization
of the high precision of plotting and aerial triangulation, or the clarity and
fideli ty of the image furn ished by the lens.
The Alos Hand Camera: This camera was made in 1945 by the firm Alos of
Zurich, according to the specifications of the Federal Topographic Service, Figure 6. It serves for taking oblique stereoscopic views to complement vertical
views, and is intended to assist the topographer in the interpretation of rocky
masses, hy providing him with photographs taken at a short distance.
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It is remarkable for its great ease
of operation, its light weight well distributed, its lens of large aperture
(this is particularly important for
color photography), the high speed of
its shutter, and its large supply of
film.
I ts characteristics are as follows:
Size of view
Focal length

6X6em.
104 mm.

Width of film
Length of film
Number of views
Dallmeyer lens
Central Shutter

6.1 cm.
approx. 7 m.
approx.100
1: 1.9
1:250, 1 :350,
1: 500 sec.
4 kgm.
40X30X15 em.

Weight
Dimensions
FIG. 6. Alas hand camera.

The lens is interchangeable, the shutter being behind-the-lens. The shutter
is central with 4 rotative blades, opening 4.6 cm., with duration of exposure
1: 250, 1: 350 and 1: 500 of a second. The movement of the film and the tension
of the shutter are effected by pressing a lever with the left thumb, while the
opening of the shutter results from pressing on a notched catch with the right
forefinger. A double exposure is impossible. The exposures may follow each
other at ! second intervals without ceasing to sight, that is, without lowering
the camera. The telescopic finder, provided with cross lines, indicates the area
covered by the lens of 10.5 cm. An automatic recording indicator of the film
used, and a button to regulate the diaphragm complete the simple construction
of this easily operated camera.
United States
The principal aerial cameras in use in the United States are described and
illustrated in the MANUAL OF PHOTOGRAMMETRY published by the American
Society of Photogrammetry. Some of the more important recent developments
are mentioned in PHOTOGRAMMETRIC ENGINEERING for December 1946. A brief
mention of these cameras and brief descriptions of some of the latest are given
for those who do not have these publications. ,
Except for an "F" series using 7"X7" (18X18 cm.) film used principally by
the Navy, single lens mapping cameras in the United States use film 9!" (24 cm.)
wide, ordinarily with an exposure area of 9" X9" or 9" X 18". Practically all use
vacuum for holding the film flat, with only a few experimental cameras having a
glass plate in front of the film.
A number of commercial firms have developed reliable hand operated precision mapping cameras of their own, notably the Abrams Industries, Aero
Service Corporation, Mark Hurd and Park Aerial Surveys. All have between-thelens shutters, cones integral with collimation marks. Great care is taken to design
and heat-treat the metal cones holding the relation between the lens and focal
plane to avoid subsequent warping or change in calibration. In the Abrams
Camera, the cone assembly is made of invar steel and is mounted in rubber independently of the aluminum parts of the camera. The Hurd Camera has a number
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FIG. 7. Fairchild KI8 camera.

of special mechanical features tending toward simplicity and ease of replacement. This camera uses air pressure instead of vacuum to hold the film flat.
By far the larger number and variety of aerial cameras, particularly those for
military use, have been made by the Fairchild Camera and Instrument Corporation. Their F-56 camera is a sturdy rapid action camera developed for the Navy
and suitable for either vertical or oblique photography. The magazine has a
special self-contained vacuum piston pump which sucks the film against the
focal plane by a stroke just before each exposure. The negative size is 7" X 7" and
the magazine holds 125 feet of film, sufficient for 200 exposures. The camera is
built in 5r' f 6.3, 8r' f 4.0, 20" f 5.6 and 40" f 8.0 sizes. Hand or automatic
electric operation is provided. A one second interval between exposures is practicable with the electric drive.
The K-17 was the standard all-purpose camera during the late war. It has a
9" X9" negative with completely interchangeable magazines, each holding 250
exposures, and comes with 6" f 6.3, 12" f 5.0, and 24" f 6.0 lenses, all with between
the-lens shutters. The fiducial marks for this camera were originally in the
magazine but many have been modified to place the marks on the body, in accordance with standard photogrammetric practices: Many thousands of these

/
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cameras were in service during the war. Most of the trimetrogon installations
consisted of these cameras with 6" cones, in mounts specially improvised to
maintain relative orientation of the three cameras and to fit the space available
in each particular airplane.
The K-18 camera, Figure 7, was another widely used camera taking 9"X18"
negatives with a 24" lens and between-the-Iens shutter. The large size magazine
for this camera holds 410 feet of film, sufficient for 260 exposures. The camera
can be operated by hand or automatic electric drive.

FIG. 8. Fairchild T5 camera.
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The T-5 camera, Figure 8, was specially designed as a self-contained precision photogrammetric camera for the Army and Air Force. The camera embodies special design to insure in tegral relations between filter, lens and register
marks on the focal plane plate. It has a built in view finder, intervalometer, and
light meter, each with suitable adjustments to secure the desired overlap, correct
aperture and shutter speed for the film used. A sensitive built-in altimeter, a
watch, level bubble, negative number and data card are photographed on the
film at each exposure. The magazine holds film ISO' long 9!" wide, sufficient for
190 exposures. A specially designed light slide prevents exposures while the
slide is in place, or the withdrawal of the magazine unless the slide is in
place.
The T -5 camera is designed to provide all practicable aids to photography
integral with the camera. A precision camera called the Cartographic (Figure 9),
was produced in 1947. It contains only the minimum of elements necessary for
photography but i's of extremely rugged, reliable and simple design. The cone,
lens, and filter and fiducial marks may be removed from the camera as a unit
and are doweled together after collimation. The focal plane platen is guaranteed
to be flat within 0.0005" and is of unusually rigid construction with ribs I" deep.

FIG. 9. Fairchild cartographic camera.
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All operating mechanisms are on the" outer cone with provision for ready disassembly and interchangeability. The camera is made with either 5f', 6/1 or 8t/l
lenses, between-the-Iens shutter with speeds up to 1/300 second. The readily
interchangeable magazines hold film sufficient for 250, 9/1X9/1 exposures.
As noted in the December, 1946, PHOTOGRAMMETRIC ENGINEERING, a new
precision mapping camera, the T-9, is under development for the Air Forces.
This camera will include the integral lens, filter, focal-plane construction, provision for moving the film in syncronization with the image during exposure,
temperature control, and shutter speeds up to 1/500 second with an efficiency of
75%. Provision will be made for recording Shoran counters, altimeter, watch,
exposure number and data card simultaneously with the main exposure in a
space between exposures on the film.
A number of special cameras jor night photography, for high altitude intelligence photography, and a special spherical lens camera with spherical plates are
being developed, as also mentioned in the December, 1946, PHOTOGRAMMETRIC
ENGINEERING, but since these are not of direct interest to photogrammetrists,
they are not described in this report.
The Sonne Continuous Strip Camera and auxiliary apparatus: As mentioned
in this report under the topic SPECIAL PHOTOGRAPHY, this camera and its auxiliary apparatus have proven highly useful and successful for continuous strip
photography at low altitudes and large scale, under the severest military conditions. The S-7 camera is iIIustrated in Figure 10. Its general specifications are:
Film,9!"X200'
Lenses, 6" Metrogon for mapping.
2-88 mm. for stereoscopic
2-100 mm. for stereoscopic
Operation-Automatic on 24 volt D. C.
Control-Remote on pilots instrument board (can be fitted with automatic synchronizer), or
manual adjustment by photographer.
Weight-Camera alone, 55 pounds.

The automatic synchronizer is shown in Figure 11. This apparatus controls
film by direct reference to the relative ground speed, without reference to altimeters or air speed indicators. No attention is required by the operator other
than turning the camera off and on, once the equipment is set for the general
range of conditions to be encountered. Film exposure time is automaticaIIy adjusted to the preset value, regardless of variations in film speed. The equipment
will operate over a range of speed from 225 to 450 miles per hour and an altitude
range of 50 to 1,000 feet. Correct synchronization is obtained in either of 3
camera positions-vertical, 45° oblique, or 30° oblique-by simple settin'g of a
control knob on the apparatus.
The gyroscopically stabilized cone (stereoscopic) is shown in Figure q.
Stabilization is accompfished by gyroscopically controlled mirrors with respect
to the two lens axes. Two double mirror systems are linked together and operated by two small gyroscopes. The image entering each lens is stabilized by two
mirrors. The light from the object strikes a mirror near the lens, is reflected back
toward the object into another mirror from which the light is reflected directly
into the lens. The first mirror is controIIed by a gyroscope so that it rotates half
the angle that the plane pitches in a fore and aft direction. The second mirror is
controIIed by another gyroscope so that it rotates half the amount the plane
rolls from side to side. With this stabilizing unit, the photographic image is
largely freed from distortion due to less than 3 degree osciIIations of the aircraft
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either fore or aft, and 5 degrees roll either to left or right. Vignetting occurs if
the aircraft tilts beyond these limits. When the aircraft exceeds 15 degrees pitch
or 45° roll, the gyroscopes must be recaged.

.

FIG. 10. Sonne S7 camera details.
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FIG. 11. Automatic synchronizer for Sonne S7 camera.

FIG. 12. Sonne S7 gyro stabilized cone (stereoscopic).

_
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Figure 13 shows the stereoscopic viewer, and Figure 14 shows the continuous
printer. This printer is built to print on one continuous strip of paper or film,
the negative made by the air camera. It will also make prints of any roll film
negative, up to 9t inches in width and 200 feet long. A roll of 1009" X9" exposures
may be printed in this machine, in five minutes.
CAMERA CALIBRATION

There is considerable variety in method and apparatus used for camera
calibration which may warran t discussion at the Congress, in connection with
standardization of camera and lens specifications and tests.

FIG. 13. Sonne stereoscopic viewer.

FIG. 14. Sonne continuous printer.
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Canada
Cameras used for Canadian government mapping are calibrated at the National Physical Laboratory. The camera and instruments used for calibration
are supported on massive concrete piers in a basement room relatively free from
vibration and maintained at uniform temperature. Distortion and focal length
are computed from measurements made by clamping an accurate graticule in
the focal plane and reading the angles between a collimator and the lines of the
graticule as viewed through the lens with a one-second theodolite at infinity
focus. The theodolite is moved to various positions along a track on a carriage
in front of the lens, in order to point through the center of the aperture as the
angles are read. For setting collimation marks in cameras without a glass
focal plane plate, the camera is supported and leveled on a large theodolite base
placed between a collimator and ·a level telescope. The marks are readily set
through the use of auto-collimation of the level line of sight on a mirror in the
focal plane and leveling the camera as it is rotated about its outer node on the
theodolite base.
England
For survey camera calibration, methods most commonly used have the following features:
(1) A precise graticule 01) glass with 1 em. divisions is clamped in the focal plane.
(2) The camera is placed horizontally in a cradle which can be rotated with a dividing table
about a vertical axis which carries a large, finely divided circle. 5 seconds can be read with
an optical micrometer and single seconds can be estimated.
(3) The graticule is illuminated and its image is thrown through the camera lens into a large
collimator, focal length 10 feet. Diameter of object 6 inches.
(4) The collimator is a large telescope and carries a vertical hair line at its eye end.
(5) The image of each division of the graticule is brought in turn into coincidence with the
hair line by rotation of the dividing table, and the angles are read.
(6) From the tangents of the angles and the known divisions of the graticule, the principal
distance, the location of the principal point and the optical distortion can be readily computed.

France
A similar collimator, with provisions for rotation of the lens about a vertical
axis, is used by the 1. G. N. in France for lens testing, except that the images
of targets near the focus of the collimator are photographed by the lens being
tested, Figure 14 F. The collimator is 232 centimeters (about 7 feet 8 inches) in
focal length and the circle can be set with a precision of 1 milligrad. Images are
photographed at intervals of 5 grads across the field. To detect possible faults
of centering of the lens elements, the distortion is measured on three equidistant
diameters. A very rigid requirement has been adopted by the Institut Geographique National for the matching of the air camera lens and the plotting
camera lenses of the Poivilliers-S 0 M apparatus. No ray of any of the lenses
may differ from the mean distortion of the others by more than one centesimal
minute (32.4 sexagesimal seconds). 14 "Aquilor" lenses of the first series of 23
constructed met these very severe conditions satisfactorily.
The collimator apparatus is also used to test definition. Targets in echelon
are placed at the focal plane of the collimator and on either side of it. The targets have Foucault patterns inclined in four different directions making 45 degrees between them, the spacing of which is 1/20 millimeter. The echelon spacing of the targets is 3/10 millimeter. White light is employed. This test determines at one time the achromatism, the astigmatism and the curvature of field.
A lens is accepted when a definition of 1/20th mm. is assured in one focal plane
throughout its field whatever the orientation of the lines. These measurements
are made on the lenses before mounting in the cameras and are made again
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FIG. 14 F. Apparatus I. G. N. for measuring distortion and definition
of photogrammetric lenses.

FIG. 14 F'. Poivilliers-S. O. M. Photogoniometer.
This instrument reads angles of azimuth and elevations through the camera lens with a precision of 10 centesimal seconds (3.2 sexagesimal seconds). A precise centimeter grid is placed on
the focal plane of the camera on the fiducial marks. The lens is adjusted to equalize the reading
on symmetrical graduations. Distortions can be readily measured as deviations from the setting
as the instrument is. turned in azimuth or elevation. Any asymmetrical distortion is readily apparent. The instrument is used to test and adjust the air camera and plotting machine cameras to the
same focal length and perspective centers. This instrument seems a useful solution to the need for
a convenient means for determining asymmetrical distortion discussed in the report.
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after mounting, to make certain that the assembly with shutter and diaphragm
has not affected the centering of the lens elements.
The light transmission of the lenses is determined by a test of "vignettization." This test consists of a comparison of the light transmitted from a point
source for various angles with the light transmitted when on the optical axis.
The values obtained are compared with the values on the axis multiplied by
Cos 4 of the angle from the axis.
The cameras are then examined and adjusted on the Poivilliers-S 0 M photogonimeter, Figure 14 F' and accompanying explanation.
Switzerland
In Wild cameras, the focal length is defined within 0.02 mm., and the
principal point, at the intersection of lines passing through the four fiducial
marks, is fixed within 0.03 to 0.04 mm. The distortions of the lenses are measured
by a special photogoniometer. A description of this photogoniometer was not
available at the time of writing this report.
United States

Field Calibration. A rigid camera stand to hold the mapping cameras with diagonal parallel to the ground was constructed at a distance greater than the hyperfocal distance (approximately 400
feet for 6" Metrogon lens) from a convenient guard fence (Figure 15b).
Targets were placed on the posts of the
fence so as to give convenient groups
near the lens axis, at less than 12°
from the lens axis, at 30° to 35°, and
at 40° to 47°. The angles to these targets were measured by a one-second
theodolite from the position of the
fron t node of the camera lens. Glass
plates specially selected for flatness
are used to take photographs of the
targets aligned from one corner diagonally across to the other, and also
recording the fiducial marks (Figure
16.). The camera is rotated 90° and a
record photograph, with targets
along the other diagonal, is taken.
The distance between targets on the
plate is measured by a good comparator, to the nearest 0.01 mm. When it
FIG. 15(a). Field camera calibration stand.
is necessary to use film for calibration
a correction for shrinkage derived
from the distance between fiducial marks is applied to all measurements. The
targets near 10-12° zone are used for the computation of the axial focal length,
and those near 33° and 45° for values of maximum distortion, of the "Metrogon" wide-angle lens. A "point of symmetry" about which the distortions are of
equal value is computed for each diagonal. The difference between the positions
of this point about which distortion is symmetrical and the normal from the lens
node to the focal plane gives the deviation of the lens axis for that diago~al. The
process is repeated for the other diagonal and the fiducial marks are shifted as
necessary to make the intersection of lines joining them indicate the "point of
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FIG. 1S(b). Typical targets.

FIG. 16. Field calibration photograph.
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symmetry," rather than the foot of the plate perpendicular. For the Metrogon
lens, the distortions are plotted on graph paper, and a "calibrated focal length"
is computed to give negative distortion at 45° equal to the maximum positive
distortion near 33° from the lens axis. Tests indicate that this gives a satisfactory
value for the Metrogon lens.
Calibration at the U. S. National Bureau of Standards. At the National Bureau of Standards, a specially-designed photographic bench with a bank of ten
collimators, with targets spaced nominally 5° apart, is available (Figure 18).
The fiducial marks and four photographs of this bank of collimators (the targets
appear along 4 radii on the plate) are exposed on a glass plate. Measurements of
the distances between the targets give the data for computing focal length, distortion and data for shifting the fiducial marks to indicate the "point of symmetry." This photographic bench is also used to expedite lens testing, for which
it was primarily designed. For this use, a special plateholder is mounted behind
the lens being tested (Figure 18.) The bank of collimators is photographed
many times on a single plate, the plate being shifted vertically between each
exposure, also towards or away from the lens by small increments. By in~pection

FIG. 17. Precision lens testing camera of National Bureau of Standards in use for camera calibration.

under a microscope, the resolution, curvature of fields astigmatism and, by
measurement, the distortion of the lens, can be determined readily from a single
plate.
The number of cameras to be calibrated by the National Bureau of Standards has grown so great with increased stereoscopic mapping that a new machine
consisting of 25 collimators is being developed for this work. The camera to be
calibrated will be positioned vertically over the central collimator, and six
others spaced at intervals of 7jO from each other outwards along 4 radii will
register sufficient data for calibration, by a single exposure.
All of the methods mentioned are capable of yielding satisfactory calibrations, if used with the necessary precautions. The Commission staff recommends
that at the Congress, there be discussed the precision desirable for caiibration of
cameras intended for stereoscopic mapping, and also tests of flatness of focal
plane, unsymmetrical distortion, etc. It also advocates that recommended International standard tolerances be decided, if practicable.
LENSES

Notable improvements in the lenses available in 1938 have been reported.
England
All resolution figures are with low contrast Cobb test object on Super XX
film.
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Field

Maker

Lens

Purpose

Performance Details

(1) 5" f/4
Xpress

Ross

7"X2"

Torpedocamera

(2) 5" f/4.S
(3) 6" f/S.S

Wray
Ross

7"X2"
9"X9"

Survey

"

Used in F.46 Torpedo Training Camera. Quality rather lower than Ross
W.A. Xpress but focal length
within very close limits.

"

Average resolution dver field 9!
lines/mm. at US.S ,and 10.7 lines/
ntH};' al:i .f/6.3: Distortion: Maxi6.14 mm. at 38°, zero at 45°,
,,~:: negative value 0.14 mm. at 47!0
. (Edge of field).
Average resolution over field 14
;; .lines/mm. at f/S.6 and 17 lines/
mm. at f/l1.
Average resolution over field 12
lines/mm. at f/6 and 15 lines/mm.
at f/l1.
Resolution (average over field) at
f/S.6 =9.2 lines/mm. and at f/8
= 10.7 lines/mm. Distortion nowhere exceeds 0.02 mm.
Average resolution over field 11
lines/mm. at f/S.6 and 17 lines/
mm. at f/ll.
Average resolution over field.8 lines/
mm. at f/6.3 and 12 lines/mm. at
f/l1.
Average resolution over field at full
aperture (f/S.6) is 11.7 lines/mm.

mum

Taylor
S"XS"
Taylor &
Hobson
7"X7"
"

(4) 8" f/S.6
(5) 1O!" f/6
Aviar

Ross
(6) 12" f/5.6
Xpress E.M.I.

9"X9"
'.

(7) 14" f/S.6
(8) 20" f/6.3
.Survey
(9) 20" f/S.6
Aviar
(10) 20" f/6.3
Xpress
(188012 type)
(11) 25" f/6.3 .'
Xpress "

.'

(12) 36" f/6.3
Booth
Telephoto
(13) 36" f/6.3
Wray
Telephoto
(14) SO" f/8
Telephoto

Reconnaissance
:

~f
, ~ I'··

"
Survey

,

Taylor'
9" X9"" Reconnaissance
Taylor &
Hobs<?"IJ
Ross
9"X9" Reconnaissance
primarily
Taylor
7"X8t" Reconnaissance
Taylor &
Hobson
Ross
7"X8!" Reconnaissance
survey
Ross

7"X8!"

"

Ross
17"X8i" Reconnaissance
Dallmeyert
Taylor
Hobson
Wray
7"X8i"
"
Ross

7"X8i"

"

Average resolution over field 17.5
lines/mm. at f/6.3 and 18.5 lines/
mm. at f/l1.
Average resolution over field 15
lines/mm. at f/6.3 and 18.4 lines/
mm. at f/l1.
Average resolution over field at f/6.3
is 9.6 lines/mm., at f/8 is 11 lines/
mm.
Average resolution over
lines/mm. at f/6.3 and
mm. at f/l1.
Average resolution over
lines/mm. at f/8 and
mm. at f/l1.

field 12.2
15.6 lines/
field 11.2
11.7 lines/

Switzerland
The latest air survey lenses are made by Wild in two types: (1) a wide-angle
lens of 115 mm. focal length for an 18X18 em. negative, field angle 95°, maximum aperture f 5.5, maximum distortion +0.14 mm., resolution not available
at time of writing this report; (2) a normal-angle lens in two focal lengths, (170
and 210 mm.) field angle 67°, maximum aperture f 4.2, distortion plus or minus
0.006 mm.; resolution measurements not reported but described as "The perfect
clarity obtained, even with the diaphragm completely opened, cannot be entirely used except with very fine grained emulsions." Figure 19a shows the distortion of the wide-angle lens, which is corrected in the A-5 stereoscopic plotter
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FIG. 19. Wild Lenses. (a) distortion of wide angle; (b) section through wide angle lens;
(c) normal angle lens.

by using compensating plates. Figure 19b shows a section through the wide
angle lens, and Figure 19c through the normal angle.
United States
The lens most used for mapping is the "Metrogon" by Bausch and Lomb, a
"Topogon" type with the following characteristics for the 6" (152 mm.) focal
length; distortion plus 0.07 to 0.15 mm. at 35° off the axis, and minus 0.05 to
0.17 of a millimeter at 45° off the axis. Resolution, high contrast targets, lines per
millimeter:
Angle in degree
0 5 10 15 20 25 30 35 40 45
Min. Resolution 40 40 30 20 20 20 20 18 15 10

The aperture is f 6.3. The lens is also made in focal length of 4" (100 mm.), 5t"
(133 mm.) and 12" (305 mm.).
A modification of the Metrogon lens, which is expected to markedly improve
its distortion and resolution, is under development. American glass is being used
in the fabrication of this new lens.
A Goerz, "Aerotar," f 6.8, a "Dagor" type lens, with minimal distortion at
infinity focus, is widely used in 8f' (210 mm.) focal length 9" X9" negative, in
general-purpose mapping photography.
The resolution on high contrast targets and the nominal characteristics of
some modern lenses adjusted for comparison to a common focal length is illustrated in Figure 20.
Pleon Lens:* An ultra wide-angle lens covering a field of about 136° called
"Pleon" was developed by Zeiss about 1940 (Figure 23). In this lens, two large

* "Lenses of Extremely Wide Angle for Airplane Mapping," by Irvine C. Gardner and Francis E. Washer, J. Research, National Bureau of Standards, Vol. 40, 1948, pp. 93-101. The data
and illustrations of the Pleon lens in this report are abstracted from this paper.
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- -METROGON 6"
- - - - GERMAN 75 eM (29.5)

- _ . - B.& L 24" f/6
- - - - E.K. 48" f/6.3

MINIMUM RESOLVING POWER OF SOME
TYPICAL AERIAL CAMERA LENSES.
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FIG. 20. Resolving power of some typical aerial camera lenses.

elements in front of a lens of the Topogon type introduced a large amount of
negative distortion compressing the edge of image to about one fifth the scale of
the center (Figure 22). A rectifying prin.ter was designed to compensate for this
distortion in printing. The enlargement of the compressed images and the lower
r esol ution at the edges of the
field of both lenses reduces
the resolution rather rapidly
, - - - - - - - - - - - - + - - - - - - - - - L beyond SO degrees from the
axis (Figure 22). The residual
A
distortion beyond SO degrees
from the axis also was rather
large for a lens-printer combination tested in the United
States. (Table 1.) However,
the printer, Figure 24,' may
not have been paired with
the air lens as well as may
B '"
have been practicable in servC--=--+17--ice use in Germany.
The compression of the
image in the Pleon air lens
counteracts much of the objectionable decrease in light
intensity which is unavoidE----·----t--·----able in the outer parts of the
field of distortion-free wideFIG. 21 (a). Optical system of the Pleon lens.
angle
, lenses. Lens c'ombina-
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tions making use of this principle were patented in the United States by I. C.
Gardner on April 14, 1936, by W. Merte on August 9, 1938 and R. Richter on
June 24, 1941.
.f
The air photographs made
with the Pleon· lens have remarkable quality nearly to their
margins. Contact prints from
the air negatives were reported
to be quite satisfactory as target guide maps for military
aviators.

",

.' ~

NEED FOR INTERNATIONAL
STANDARD LENS TEST

It is evident from the foregoing descriptions of lenses that
there is a great need for standardization of lens descriptions
and tests, if the lenses in use in
the different countries are to be
readily compared. The reports
received indicate that photogrammetrists desire standard
tests of both distortion and definition (or resolving power), but
there is considerable variation
in the tests used, especially of
those used to determine resolvmg power.

If

B

England
In their research, the British
have adopted the Cobb low-contrast target for tests of lens resolution. This target consists of a
//
number of square-shaped patterns, each being ten per cent
smaller in size than the next and
D
composed of two dark lines,
each three times as long and
equal in width to the space between them. The background
has a log contrast of 0.2.
The lens under test is first
focused for minimum fringe on
a high contrast graticule in the
focal plane of a 108" focal length
collimator. This graticule is then
replaced by the low con trast
resolution test object, which is - - - - - - - - - - 1 - - - - - - - - - - £
photographed on Super XX
film through a minus blue filter.
FIG. 21(b). Optical system of the Pleon rectifier.
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FIG. 22. Contact print and rectified Pleon photograph, X t.
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TABLE

1.

DISTORTION OF THE PLEON LENS, RECTIFIER, AND FINAL PRINT FROM RECTIFIER

Distance
Angular
from center of
separation
the Pleon
from the axis
lens negative

Degrees
0
5

Contributions to distortion in final print

Distortion in
Pleon lens
negative

Pleon lens
(adjusted)

Projection lens
(contributed)

Net
distortion

mm

mm

mm

mm

mm

15
20

0.00
6.30
12.64
19.02
25.47

0.00
.00
.08
.30
.78

0.00
.00
- .06
- .24
- .64

0.00
+.02
.12
.29
.67

0.00
0.02
.06
.05
.03

25
30
35
40
45

32.00
38.64
45.38
52.20
59.08

-

1.62
3.00
5.12
- 8.32
-13.04

- 1.32
- 2.45
- 4.19
- 6.80
-10.66

1.41
2.47
4.19
6.88
10.60

.09
.02
.00
.08
.06

50
55
60
65

65.91
72.68
79.22
85.39

-19.98
-30.16
-45.44
-68.80

-16.34
-24.66
-37.15
-56.26

15.51
23.96
35.34
51.92

10

-

.83
.70
-1.81
-4.34

Exposures are made at steps of 0.2 mm. through the focus and at angular
intervals acros~ the field. The negatives are then read under a 16 X magnification. The smal1est groups resolved are a measure of the resolving powers on radial and tangential lines.
Canada
Dr. L. E. Howlett of the National Research Laboratories of
Canada uses, and has proposed
for general adoption, a low contrast annulus (ring shaped)
pattern of target and Super XX
emulsion as more nearly duplicating the average conditions
for aerial photography. In a paper entitled "Photographic Resolving Power" (Canadian J.
Research A, 24; 15-40, July,
1946) he outlines the following
conditions for standard tests of
resolving power:
(1) Collimator for placing the target at infinity.
(2) Target of annulus type, having
a log contrast of 0.2 and the
sixth root of 2 as the size ratio.
(3) Target illuminated I:y an integrating sphere.
(4) Quality of illumination is
mean-noon sunlight modified
by a Wratten No. 12 filter.
(5) Recording done on Aero Super
XX emulsion.
(6) Constant exposure across the
field.

FIG. 23. Pleon lens mounted on laboratory support
for testing. The large front element is about 1 foot in
diameter.
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(7) Exposure chosen to give optimum density for maximum resolving power of the photographic material over the largest possible area of the field covered by the lens.
(8) Development in D-19b to a constant gamma value of 1.35.

,.
I

United States

In the United States, a
considerable amount of test
data of value for inter-comparison
of
photographic
lenses has been obtained wi th
high con trast targets. The
type of test target used by
the Air Material Command
Laboratories is shown in Figure 25. The large collimator
and procedures with which
this target is used in lens resolution tests are described
in PHOTOGRAMMETRIC ENGINEERING, December 1946,
pp. 388-391.
At" the National Bureau
of Standards, a special precision lens testing camera is
used. This now has ten collimators permitting one exposure to cover a meridian
FIG. 24. Pleon rectifying printer.
from the center of the plate
to an angle of 45°, with images at 5° intervals. The ratio between two successive
resolving power patterns is equal to the square root of two. The patterns for the
charts, for the different collimators, are foreshortened so that all are imaged
to the same scale on the resultant negative. The charts are of high contrast.
Eastman V-6 spectroscopic plates are used and the negatives are developed to
a high gamma with D 19 developer.
This type of test was originated at the National Bureau of Standards many
years ago and has proved eminently workable. When this test was introduced, it
was considered desirable to test a lens under most favorable conditions as concerns contrast of target and grain size of photographic emulsions. It was believed that performance with low contrast, rapid, coarse-grained emulsions
could be derived, after some study, from such measurements. The demand for a
test to give resolving power which is substantially that to be expected in flight,
is recognized, but many problems need to be worked out before definite recommendations can be made. Both high and low contrast targets are to.be used in
the same collimator in an effort to correlate this factor. A more objective method
of assessing resolving power (possibly by means of a microdensitometer) is
desirable. An arrangement should also be considered for having the entire field
of the lens illuminated at a specified level, in order that the effects of scattered
light may be the same as in use. The present high-contrast line targets, oriented
both radially and tangentially in a line across the field, with successive lines at
small increments of focal distance, give rather complete data on curvature of
field and astigmatism on a single plate. The information is presented in a form
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FIG. 25. U.S.A.F. Standard High Contrast Resolving Power Target.

readily available for determination of the best compromise focal-plane setting.
(References 6 to 13.)
Another method of lens testing of very great delicacy is the use of the Hilger
interferometer. 14 The aberrations of the present wide-angle objectives are now
far too great to permit of meaningful comparison of different types of lenses.
However, improvements in the lenses may make it practicable to correlate the
indications of this sensitive instrument with other methods of testing to advantage. Although it seems rather premature to attempt to specify a standard
resolution test at the Congress, it is believed desirable to have full discussion
leading to the adoption of a standard as soon as sufficient data are accumulated.
There is one phase of lens testing which a number of photogrammetrists
believe should have immediate attention. Apparatus should be developed for the
ready determination of unsymmetrical, and if present, of tangential distortion.
The usual optical bench tests to determine unsymm"etrical distortion are so
laborious that they are seldom used. On the other hand, when made, otherwise
apparently excellent lenses are found to have one to four minutes deflection of
the axis or unsymmetrical distortion. It is believed that if there were developed a simple means of measuring this unsymmetrical distortion of such
great significance to photogrammetry, controlling specifications would be established requiring lens manufacturers to improve their techniques and minimize
the objectionable distortion.
The desirability of readily made tests for unsymmetrical distortion should
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be kept in mind when designing new lens testing or camera calibration equipment.
FILTERS

In general, the types of yellow and red filters which were standard in 1938 are
still used. The determination of approximate depths of clear water under favorable conditions, by means of simultaneous exposures through red and green
filters, by two cameras with matched lenses, was mentioned under SPECIAL PHOTOGRAPHY. A number of special filters to obtain as much haze elimination as
practicable, with a minimum of distortion of color values, have been developed
for color photography. Another interesting development has been the use of
"Polaroid" filters to obtain highly satisfactory stereoscopic projections in true
colors.
England
The standard type is a minus-blue, before-the-Iens filter. In survey cameras,
it is now regarded as an integral component of the lens, not to be replaced or
removed under any circumstances, by unauthorized personnel. For reconnaissance work, the focal register glass has been made of minus-blue fiher glass, the
advantage being (a) lower standards of workmanship required as compared
with before-lens filters, thereby making mass production and lower cost possible,
(b) Two less glass-air surfaces in the complete system.
Switzerland
Two interchangeable yellow filters with factors of 2 X and 6 X are fitted to
the Wild RC-5 and RC-7 cameras. The filters are optically polished and flat
within 0.2 microns. Under exceptional circumstances, (areas covered with snow),
orange or red filters are employed.
United States
Filters for preCiSiOn surveying cameras are of stained optical glass, plane
parallel within ten seconds, less than 0.25 milli-diopter in power. The yellow
filter has an exposure factor of about 2, and the red, 3 to 4 with the panchromatic emulsions used.
A vignetting correcting filter is widely used to reduce the effect of cosine 4
variations in illumination and vignetting in wide-angle lenses. These filters are
made by evaporating .metal in a suitable distribution pattern on the glass filters
used with the lens. This coating results in a much more evenly exposed negative.
eliminating the "hot spot" (much over-exposed central area) which has been
bothersome in wide-angle negatives, in the past.
SHUTTERS

England
The following shutters have been in troduced since 1938:
(1) Shutter used in the F 66 Camera. A between-lens shutter is fitted and
adjusted for a fixed effective speed of 1/300th second.
Shutter Blades. Four circular blades with a cut-away portion in each are
pivoted equidistantly around the lens opening. In making the exposure, the
blades make one complete rotation so that the cut-away portions pass simultaneously over the lens opening and allow light to enter the camera.
Two of the blades are slightly larger than the other two, and overlap slightly
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when the shutter is closed, to exclude all light from the camera. There is a small
clearance between the contiguous edges of the smaller blades when the shutter
is closed.
Each blade is fitted with a central spindle on which is a small pinion; also in
the center of each blade, is a small steel balance-weight to compensate for the
cut-away portion of the blade.
An annulus with interior teeth engages with the four pinions on the shutter
blades, and rotation of the annulus causes the blades also to rotate, thus making
the exposure. A spring-driven pinion engaging with outside teeth on the annulus, actuates the shutter.
Setting of the Shutter. The shutter has to be set before each exposure, by
winding up the actuating spring. This is done by the shutter motor in conjunction with a worm and worm-wheel drive.
Shutter Release. A small solenoid releases the shutter at a predetermined
instant, the solenoid being energized by the closing of a circuit in the camera
control.
Shutter Speeds. The speed of rotation of the shutter blades, and consequently
the duration of the exposure, is controlled by a cylinder and piston device actuated by the shutter driving gear. As the shutter operates, the piston moves along
the cylinder, and its speed of travel is controlled by the passage of air from the
front of the piston to the back, through an air duct. An adjustment valve regulates the escape of the air, thereby enabling the necessary sh.utter speed variations to be obtained. The cylinder and piston combination also prevents shock
at the end of the exposure, by bringing the moving parts to a rest gently. As
the shutter blades pass the fully open position, they cause a microswitch to be
closed, which passes an impulse lasting 1/50 seconds to a position indicator.
(2) Shutter use in the F .83 Camera. This is the Williamson patented betweenlens sector shutter. It provides a fixed effective speed of 1/250th second. The
shutter drive is self-contained with its own motor, which drives a flywheel providing kinetic energy by which the shutter is operated.
The time of exposure depends on the speed of the motor. The motor is fitted
with a governor and is connected in a voltage controlled circuit to maintain
consistency of exposure.
Operation. A solenoid, energized by the closing of a circui t in the camera
control, releases the shutter at a predetermined instant. This solenoid lifts a
release pawl and urges a quadrant into engagementwith the edge of the motor
flywheel, which is composed of a special friction material. The quadrant rolls in
contact with the latter, until one revolution has been ompleted; after which
it is disengaged and held from further motion by a second pawl, until released
again for the next exposure.
A crank pin attached to the quadrant, actuates a reciprocating lever to which
are pivoted the four sector blades. The motion imparted to the latter is very
similar to the method used for operating an iris diaphragm.
Sweden
The Swedish firm, Ross Aktiebolag, has constructed a between-the-lens
shutter. The movement of the leaves of the shutter is directed by such a curve
that the opening and closing intervals are very short compared with the time
when the shutter is wide open. In an opening of the shutter of 58 mm., an exposure of 1/250 seconds is achieved, and with smaller shutter diameter, an
exposure time of 1/400 second has been reached. The "Time of exposure" is
understood to mean the total time from the moment when the shutter begins to
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open until it is wholly closed. The efficiency is 80% (independent of the time of
exposure).
Switzerland
All Wild cameras are provided with central between-the-lens shutters. The
Alas hand camera has a central shutter behind-the-Iens, with rotative blades,
and sp~eds of 1: 250, 1: 350 and 1: 500 seconds. The Zeiss double camera has a
shutter in front of the lenses. The C-2 and RC-6 shutters have speeds of 1: 125
to 1: 500, seconds; the RC-5 and RC-7 speeds of 1: 75 to 1: 200 seconds, using
rotative discs. The efficiency of these shutters varies between 50 to 80 per cent
but more importance is attached to reliability than efficiency.
United States
No radically new designs have come into general use but shutter efficiency, reliability and speed have been improved markedly since 1938. Speeds of 1: 500
seconds are obtained in between-the-lens shutters. Curtain travel has been
speeded up and made much more uniform in focal plane shutters. Louvre shutters are little used.
'
CAMERA MOUNTS

A considerable amount of research in camera mounts has been done during
during the past decade without resulting in radical change in designs. There is
general consensus that the bearings, provided by the mounts for leveling the
camera, should be in the plane of its center of gravity, or as close as practicable
to it. Vibrations of small amplitude are satisfactorily absorbed by sponge rubber
of special composition to preserve its strength and flexibility from minus 54 to
plus ,71 degrees centigrade (65 to 160°F.).
Some mounts are provided with remote controls for orientation and leveling
but most require a photographer at the camera for these operations. A number
of mounts have built-in view finders in which the control which aligns the
images with the lines of the graticule in the view finder, also aligns the .camera
with the flight path. The Zeiss swing mount, designed for taking photographs to
the right, downward and left in quick succession with a wide-angle single-lens
camera, has been satisfactorly used. The Williamson a.s.c. mount has a heated
plexi-glass enclosure incorporated with it. (Figure 2.)
Research has been quite active in automatically stabilized mounts in several
countries. As far as known', no stabilized mount has thus far developed a sufficiently superior elimination of tilt over cameras leveled by the hand of an
operator, to justify its necessarily high cost. Tests of those thus far developed
are somewhat encouraging (usually less than ten minutes of tilt and very seldom
more than 20 for steady, straight flying). The research is being continued.
There have been a number of studies of the relative effects on photographic
resolving power, of vibration, rolling, pitching and yawing 6f aircraft, and of
translation along the flight path. For ordinary types of mount and aircraft, the
relative effects seem about as follows:
Translation along the flight path
(A number of the newer designs plan to eliminate this by moving the
film in synchronization with the image, or compensating the effect
with rotating prisms etc.)
Roll and Pitch of Aircraft
(possibly to be minimized by gyroscopic stabilization)
Various causes, usually of minor significance, such as yaw or fish-tailing
of aircraft, shutter recoil and vibration, air turbulence, oscillations
of the mount itself, dust or smoke-laden air etc.

30 to 50% loss

30 to 20% loss
40 to 30%
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Any of these factors may cause very serious loss, for example, if
heated turbulent air passes through the light path to the lens, or if
cushions become misplaced so that the vibration of the aircraft frame
is directly communicated to the camera.
AIRCRAFT

No new type of aircraft designed especially for photography has been developed since the Swiss Built Messerschmidt M 18 D and the Abrams "Explorer" described at the 1938 Csmgress. On the other hand, cameras have been
fitted and successfully used in practically all types of aircraft.
Highly competitive conditions in the United States before the war called for
large amounts of 1: 20,000 scale photography with 8t (210 mm.) lens, about
14,000 feet (4,200 meters) altitude. For such photography there was a noticeable
tendency for contractors to use the smallest engines and airplanes that could
maintain pilot, photographer, and camera at altitude for four hours or more. IS
During the war, cameras were installed in practically every class of aircraft,
six or more cameras of different types frequently being used to obtain special
coverage in a single flight in the same aircraft. This practice was continued after
the end of the war. In the United States Air Force, the type of aircraft most
widely used for obtaining tri-metrogon mapping coverage is the photo modified
B-17, designated as the F-9. The B-24 or F-7 and the F-2 were also widely used
in tri-metrogon mapping. The photo modified P-38 or F-5 was extensively used
as a photo reconnaissance airplane; a great amount of the tri-metrogon photo
coverage, which was used to compile aeronautical charts, was obtained with
the F -5. The F-13 (mod1fied B-29) is being used as the long range reconnaissance
and mapping airplane and may replace the F-9, which is now considered obsolete. The photo modified P-80 or FP-80A will probably replace the F-5 as the
medium range, high-speed photo reconnaissance airplane and will also be
equipped to obtain tri-metrogon photo coverage for aeronautical charting.
The maximum ceiling of F-13 and F-14 and FP-80A is approximately
40,000 feet. The ceiling of the F-9 is approximately 35,000 feet and the F-2 has
a maximum possible ceiling of 23,000 feet. The standard operating level for aircraft engaged in tri-metrogon mapping is 20,000 feet.
It is interesting to note that after the war some commercial operators in the
United States welcomed the availability of surplus high-performance, highceiling military aircraft, because these could be used to increase the efficiency of
certain operations. For example, the accuracy of the Stereoplanigraph and other
plotting equipment permitted highe.altitudes for photography for mapping, at
contour intervals of 20 feet or more, than were feasible in airplanes available for
photography before the war.
NAVIGATION DEVICES

A number of devices have been developed which are very useful in increasing
the precision of navigation but are somewhat expensive.
The Flux-gate compass is a notable improvement over compasses available
in 1938. Its indications of the magnetic meridian are quite steady and are correct within one degree.
Drift sights equipped with gyroscopically stabilized reticules permit of reading the drift to the nearest quarter degree.
The Viiisiilii Statiscope has been improved by the elimination of the stopcock. Several countries have reported this as a very useful device.
The Eliel Solar Pilot Director, the first model of which was described at the
1938 Congress, has proved highly useful where maps are poor and landmarks are
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scarce. The present model transmits the alignment of the flight path, as observed through the gyroscopically stabilized drift sight to the solar viewing
photo cell by a servo-mechanism; this affords great flexibility in mounting. Any
deviation from the selected true flight course in excess of t degree is indicated
by the director needle on the pilot's instrument board.
Bomb sights, when available, are of course very useful for precision flying
over selected landmarks and for flying straight courses.
Optical-mechanical ground-position indicators have been developed to give a
continuous record of aircraft positions both by summation of coordinates or by
scale plot.
In Britain, a considerable amount of work has been done using radar systems
G-H and Oboe, both for navigation and for recording aircraft positions.1 6 Decca
has also been used on a fair number of flights, for the same purpose.
In the United States, the most promising device for maintaining an aircraft
on straight an-d parallel flight courses is the Shoran Flight Line Indicator. (Figure
26). With this apparatus, it is almost possible to fly a "chalk line" 125 miles
long. Perfected models are expected to limit the straight line deviation to less
than 100 feet, compared with the best previous averages of more than 500 feet.
It operates in combination with Shoran which was used during World War II to
pin-point bomb targets through fog or darkness, On mapping missions, high
frequency radio waves travel from the plane to the ground Shoran stations,
which retransmit the signal back to the aircraft. On the basis of the time required
for the radio wave round trip, distances to the ground stations are automatically
calculated to a thousandth of a mile. The indicator mechanically simulates the
flight path in miniature. A pointer moving along a grooved metal channel duplicates the plane's progress and direction, while threaded rods calibrated to scale
show the actual distance from the plane to the ground stations. When the aircraft drifts off-course, the pointer pulls away from the center of the simulated
flight path, and an instrument board needle or indicator swings right or left.
Experimental tests are being conducted to connect the indicator to the automatic pilot in order that the plane may be held to its predetermined mapping
line without attention from the pilot and to incorporate a shutter tripping device so as to keep exposures on adjacent lines abreast each other.
PHOTOGRAPHIC MATERIALS

EMULSIONS

Fast panchromatic emulsions of high, ed sensitivity are generally used for
aerial photography. Infra-red fi'lm is available but is seldom used except for
special purposes, such as forest type differentiation, camouflage detection, water
line delineation, etc. The slower and somewhat finer grained types of emulsion
have fallen into disuse, partly because of the pressure for fewer types in war but
largely because research indicated that more detail was obtainable by cutting
down exposure time with attendent reduction of image travel than was gained
by finer grain. The emulsions most used have a speed of Weston 100 (equivalent
to Eastman Super XX). Another emulsion with a Weston speed of 200 has been
available during the past few years, greatly extending the possibilities of night
and cloudy weather photography. Its use for general photography is somewhat
limited by the decrease in speed due to age and its somewhat larger grain size.
Should camera stabilization and moving film magazines prove to be practical,
there may be a trend toward slower fine grained emulsions. Any increase in
speed of the fine grained emulsions will of course be most welcome to photogrammetrists.
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There has beeu a notable improvement in hardness and water absorption of
emulsion. The new emulsions produced in England are reported as being satisfactorily processea in stan£l.ard baths up to 90°F. and dry in about half the time
required for old types.
Standard size cblor aerial film with chemicals for field development is now
available at about five times the cost of the black and white.
Solarized emulsions are available for direct duplications of negatives. Yellow
dyed cine positive film is extensively used for duplicating. Diazo emulsions are
also used for this purpose, having the advantage of being without grain.
EMULSION SUPPORTS
The emulsion support in widest use for photography for photogrammetry
is cellulose acetate butyrate. This material is described by Mr. J. C. Calhoun'
in the June 1946 PHOTOGRAMMETRIC ENGINEERING. 1S , Distortions or non-uniform dimensional changes of the film suppott are one of the main sources of error
in photogrammetric surveys and photogrammetrists ardently desire higher
dimensional stability in a film base. However, changes in dimensions can be
somewhat minimized if the film is kept in sealed cans until used; and the first
few exposures of each roll and also those after each considerable interval between photographic flights in the roll are discarded. 19 Thorough squeegeeing of
the film, removing all droplets after washing, is also very important for minimizing local distortions.
'
Brittleness of the film has caused some trouble in the air cameras at very
low temperatures but can be controlled by heating when necessary. Glycerine
used in the final rinse during processing helps to control brittleness during handling and storage.
At very low temperature, there is much loss of film speed. For example,film
with a speed of Weston 100 at 70°F. will have a speed of about 40 at - 50°F. and
film with a speed of 200 Weston at 70°F., about 56 at -50°F. Thus both improved dimensional stability and film speed indicate the desirability of temperature control for photogrammetric cameras, particularly those exposed to very
low temperatures.
Extreme care must be used when storing film under tropical conditions.
Special packing is necessary to keep out moisture and to protect the film from
fungi to the extent possible.
POSITIVE MATERIALS
England
Whenever measurements are involved, sensitized aluminum foil, or a paperfoil-paper sandwich, is used. At the time this report was written, a satisfactory
foil-laminated paper similar to the Agfa Correctostat had not been reported as
available for purchase in~;o.ther countries. A need for a higlt wet strength photographic paper of high qualityhas been reported.
Considerable use has been made in the United States of "waterproof" types
of photographic paper supplied with both~contact and proje,ction emulsions. The
paper stock is thinly coated -y.rith pla§t'ic to reduce its' water absorption. Its
greatest advantage lies in. its ~peed of?P!0cessing since it re9uires only short
fixing, washing, and drying'times. It is ~also an improvement in dimensional
stability over ordinary paper although it sii'll leaves much to be desired in this
respect.

REPORT OF COMMISSION I-PHOTOGRAPHY

273

Another photographic paper of considerable interest has a variable contrast
type emulsion. Variation through a wide range of contrast (if desired, on the
same sheet, by dodging) is achieved by the use of variable filters on the ligh t
source which must be of the tungsten type.
Ordinary glass plates are not flat enough for photogrammetric work of high
precision. Specially selected plates, flat within 0.007 inch (0.0018 mm.), are
now available with fine grained emulsions, suitable for diapositives in sizes up
to 9t"X9!" (24X24 cm.).
PHOTOGRAPHIC EQUIPMENT
PROCESSING EQUIPMENT

The portable, power-driven, vertical-reel, roll-film developing machines and the
portable, central air blast dryer, just coming into use in 1938, have continued to
give satisfactory service with few modifications. More sturdy and powerful
drives have been adopted for the developing machine. Air filters and electric
air heaters are provided for the dryer.
The exceedingly large amount of photography demanded by the war, has
resulted 'in the development of several continuous process machines for 9!" aerial
film. Care is taken to minimize tensions and no alcohol baths are' used in these
machines, The film distortion from such machines does not exceed that of the
single spool tanks, More uniform negative quality is obtained in the continuous
machines when large quantities of film are to be processed. Continuous process
machines are being designed with small component assemblies which can be
joined up in large units to give somewh'at higher speeds of feed when large production is needed.
Considerable research is in progress to speed up drying without increasing
distortion but, to date, nothing superior to an ample supply of dry air has been
reportedY Thorough squeegeeing, to remove all droplets from the film as early
as practicable in the drying process, is important for minimizing local distortions.
Contact printers of high performance, using high pressures to insure adequate
contact, have been developed. Satisfactory prints with exposure times as short
as one second have been produced. Continuous printers with speeds as high as
1,000 prtnts per hour have been reported,17 To aid in dodging, a number of contact printers with multiple lights and individual switches have been produced.
The printing of multiplex diapositives has been improved with a multiple light
source, to aid in dodging. However, some tests of contact printers seem to indicate that improvement in resolution is produced by a single, relatively remote
sou'fce or spectral light and there is some tendency to return to such design.
Grid negatives and fine screens or targets are regularly used tp test the performances of printers.
Several interesting light sources have become available. The high intensity
mercury vapor are, either water or air cooled, gives an intensity approximately
equivalent to the carbon arc (65,000 lumens) while maintaining its position
steadily and precisely. The chief objection is its short life, about 75 hours, which
makes its cost of operation 10 to 15 cents per hour.
Another lamp, the Edgerton Flash Tube in various forms, is capable of giving
flashes of 1/4,000 second to 1/10,000 second of great intensity. The larger tubes
have been successfully used in airplane photography at night. Laboratory models
give quite satisfa tory illumination for color photography.
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Another development, the Western Union Concentrated Zirconium Arc,20
gives practically contact quality prints through the glass of a negative, due to
the very small diameter of its intense arc. If the small amount of distortion involved is not objectionable, direct prints of high quality can be made by means
of this lamp, without the use of a prism. The lamp has possibilities for improvement of print quality and optical applications; these are being studied. The principal characteristics of such lamps as are now available are shown in Figure
27.

OPERATING DATA ON STANDARD SIZES OF CONCENTRATED-.ARO LAMPS
Nominal
Light
Lamp
~olts Amps Source
Rating
Dia.
Watts

2

37

0.055

10

21

0.5

25

20

1.25

100

15.4

6.25

~.085mm

0.003"

Brightness
Brightness
Candles Per Candles Per
Square mm Square Inch

Maximum
Candle Life
Candle Power in Bulb Base Temperature
Power
Per flours Type Type Degrees F.
Watt
•
Bulb Base

Max,

Ave.

96

56

62,000 36,000

0.32

0.155

175

T5

~ Pin

140

100

55

22

35,400 14,200

2.7

6.26

700

T9 ~mal1
~ Pin

225

130

40

21

26,000 13,600

8.7

0.35

800

T9 ~mal1
8 Pin 355

145

52

39

33,600 25,200
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FIG. 27. Operating 'data on concentrated arc lamps.

Switzerland reports that Haag-Streit of Liebefield-Berne has constr"Jcted a
second of two large reproduction cameras for the Federal Topographic Service.
These cameras are 360 cm.long and can be used with wet or dry plates 100 cm. X
100 cm., or with a vacuum film holder 110X200 cm. The camera is provided
with two vacuum copy holders 110 X 110 cm. and 180 X310 cm. in size. The camera works on rails fitted in the floor without shock absorbers, in a room that may
be divided into two dark rooms by' curtains, Figure 28. The camera can be
rotated on its base when a prism is used. Practically all copying problems can be
met. For example, enlargements of maps are made by projecting the image erect
on paper or film held flat by a suction plate 110X200 cm., (capable of being extended to 150X300 cm. by adding drawing boards). Mosaics 110X130 cm. are
easily reproduced on the same scale by using a lens of 150 cm. focal length.
For the development of large negatives up to 130X300 cm, large stainless
steel basins 110 X 130 cm. are used. These basins are mounted on a frame pivoting
on a spindle fixed in a cylindrical spring. This system greatly facilitates the
movements necessary for spreading the chemicals evenly over all the surface to
be developed while the basin is held in a horizontal position, Figure 30.
.
Washing is done in large basins of trapezoidal profile, provided with a system
of wire screens of stainless steel that may be stacked at distance of 5 em. Water
for washing is supplied by tubes injecting between the screens. So that the level
of the water may remain as low as possible and may just cover the top copy, use
is made of a series of interchangeable drain tubes; a pipe of greater diameter

I
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FIG. 28. Haag-Streit copying camera, Switzerland.

FIG.

29. Haag-Streit copying camera using prism.
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FIG. 30. Equipment for development and w~shing of large photographs, Federal
Topographic Service-of Switzerland.

than the drain pipe and ending 3 em. from the bottom of the basins forces the
water charged with hypo to flow out first.
EXPOSURE CONTROL

Generally good results are obtained by relying on time and latitude (solar
altitude) for exposure control of air photography, rather than on transient factors, such as color of ground etc. However; exposure meters masked by suitable
filters and intelligently correlated with other factors, have proved capable of
producing negatives of remarkably uniform quality. Over terrain which varies so
greatly in light reflecting power as to require a stop or more change in exposure
to maintain high quality, (such as light cultivated grounds and dark pine forest),
the adjustment of the aperture in accordance with the indications of such an
exposure meter has proven highly satisfactory.16
A special device to expose a stop wedge on the film between the negatives
was used for better control, in the determination of water depths by density
measurements from negatives taken by matched lenses through red and green
filters. 21 Such a device may be of assistance in the control of color-photography
exposure and processing.
In ordinary processing, time and temperature may be best standardized by
the usual sensitometric methods. Baths are discarded after the periods of use
so determined once and for all.
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INTERNATIONAL STANDARD TESTS

The national reports uniformly recommend the standardizations of lens
tests. This is certainly an important topic for discussion and action by Commission I, in its sessions at the Congress. Some of the problems involved are aparent from this report. Any clarification of technical language and uniformity
of procedures achieved will facilitate the exchange of valuable experience and
will be of great assistance in raising the techniques of all to the standards of the
best.
Specific recommendations for the consideration of the following items have
been received:
Lens tests:

Distortion, including precision of measurements and sign used.
Resolution, including both high and low contrast targets and the effect of
surface coating or general level of incident light.
Focal length, especially terminology 'used.
Speed, including vignetting and effective (rather than geometrical) aperture
ratio. 22
Film Test:

Spectral sensitivity, resolving power and speed. A speed specification that
refers to the minimum exposure giving the maximum resolving power with
specified target, contrast, and processing has been proposed by Dr. L. E.
Howlett. 23 Consideration at the Congress is recommended.
Photographic Quality:
A recommendation for the preparation of a specification for quality of aerial
photography, in other than general terms, has been received. To quote the recommendation, "It should be possible to prepare a specification that is susceptible
of only one interpretation. It should be phrased in such language and terms that
the average aerial photographer and user of photography can grasp its meaning.
It should require that no elaborate equipment or processes be employed to insure
that the specifications are being adhered to."
The Commission will welcome definite proposals for specifications on any of
the above topics for consideration at the Congress.
PROBLEMS ON WHICH FURTHER RESEARCH AND
IMPROVEMENT IS DESIRED

The following items have been recommended to the Commission. They are
listed in approximate order of frequency of recommendation. The first three
. items were recommended by practically all reporters and the next two by most
of them.
Film base with dimensional stability or at least, with negligible distortion.
Inprovement of emulsion resolution, without loss of speed.
Stabilization of aircraft cameras, about the vertical.
Wide angle aerial lenses with improved definition, freedom from distortion, and
less loss of marginal light.
Electronic straight line navigation, and exposure location.
Recording departures from vertical if stabilization is inejfective-(horizon, sun
etc.)
Improved anti-vibration mountings and stabilization of camera against rapid
angular motions.
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The following items were recommended, at least once.
Large aperture shutters with higher speeds.
Higher speed color film.
Altimeters more accurately recording height above datum.
A utomatic exposure control.
High intensity point source cold light for projection.
Rapid film drying technique.
Compact continuous pro,cessing plant operable by one man.
Investigation of helicopter for aerial photography.
Relation between precision of mapping camera and map.
Investigation of performance of camera, materials and elements with all conditions
as at high altitudes.
Better photographic paper for exposure and handling while wet.
It is the belief of the members of Commission I, that substantial contribu~
lions to improved solution of these problems will be made by the membership
both at the Congress and later. Exchange of information to this end will assist
all photogrammetrists.
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