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This report covers an investiSation involving the development,
testing, and standardization of a lightweight, portable, horizontal,
rectifying projection printer, mounted in a truck or trailer, for use
in rectifying 9- by 9-inah, 6-inch focal length photgraphy with
tilts up to 700, and 9- by 9-inch, 1Ž-inch focal length photogmphy
with tilts up to 300 frcm the vertical.

The report concludes that the modified Bausoh and Lmb reoti-
fier conforms to the requirements of the military characteristics for
this development. The inutrumnt in suitable for standardization as
adopted type, standard type, and as a Class I1 item of supply. Per-
sonnel nwwrlly assigned to topogaphio iunits are capable of operat-
ing the msdified Bausch and LImb rectifier.

The report reoiennds that :the modified Bausoh and Lmt recti-
fier be standardized as adopted type, standard type, and be stocked
as a Class IV item of supply, anmd that this project be closed.
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P~wn. IOT~APICHOMtO1I!AL PROECImoi. wrizziYm.

TIM~ MUNE 100 FOR &4-In= AERIAL ROL FnlM

I. INTROIUCTION

1. OJeot, This report covers an investigation involving
the development, testing, and standardization of a lightweight,
portable, horizontal, rectifying projection printer mounted in a
truck or trailer, for use in rectifying 9- by 9-inch, 6-inch focal
length photography with tilts up to 700, and 9- by 9-inch, 12-inch
focal length photography with tilts up to 300 from the vertical.

2. Authority. This work was carried out under the authority
of Project 8-35-03-001, "Rectifying Camera." A copy of the project
card for this development (RDB Form 1A) is contained in Appendix A
to this report.

3. Previous Investigations. During the last war (late 19 4 2 --
early 1943), there developed an urgent requirement for rectification
equipment to handle combat photography furnished (by the Air Force)
in lieu of, or to supplement mpping photography. At that time, the
only instrument available for rectification of tilted photography
was one which had been manufactured by the Fairchild Aerial Surveys,
Incorporated, for their own use. Several of these instruments were
procured as a stop-gap measure. later, after reports of deficiencies
were received from the field, specifications incorporating certain
modifications were prepared, and additional models of the improved
type were procured from Photograwuetric Instruments Corporation,
Pasadena, California, a subsidiary of the Fairchild Aerial Surveys,
Incorporated. This instrument ESN. 18-5730.500-500 aocamodated
only a limited range of tilts (approximately 220 for 6-inch focal
length photography and 350 for 12-inch focal length photography) and
was found to be unsuitable for quantity production of controlled mo-
saics.

About the sam time, an investigation was initiated by the
ERDL for developing methods and equipment that would use tri-metrogon
aerial photography to maxim advantage both in the compilation of
original aeronautical charts and strategic mps, and in the revision
of all types of mps and charts.

In prosecutitg one phase of this investigation, a study
was made of the practicability of using rectified tri-metrogon aerial
photography and attendant compilation techniques for this purpose.
A rectifier, constructed at the EKDL, was designed to rectify as a
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minimu the fo'lewing types ef photographys 9- by 9-inch, 6-inch
focal-length tri-uetrogan obliques., with tilts up to 700; and 9-
by 18-inch, 24-inch focal length photography of the tri--1B oamera
installation, with tilts up to 420. In addition, the instruint was
to be capable of reductions or enlaements ranging from 0.9 to 1.1
diameters, at the various angles of rectification. The investiga-
tion of this instrument is covered in KRDL Report, Rectifli ProJec-
tion Camera Constructed at the MXUEer Board, 17 December 19i3.

Tests were also conducted utilizing the rectified tri-
metragon photography. These., which indicated that this procedure
had considerable merit and advantages over the standard procedure
being used, are covered in ERDL Report 830, Militay bpi frm
Tri-Metrogon Aerial Photographj Using Rectified Photographs 17 June

From the data obtained in both these investigations, the
requirements for a suitable instrument were ascertained, and mili-
tary characteristics were prepared to provide an instrwmnt capable
of rectifying (1) near vertical photography for mosaic compilation,
(2) the split vertical 12-inch focal length photography being furn-
ished by Air Force as supplemental coverage for mapping, and (3) the
oblique photography of the tri-metrogon system. The military charac-
teristics as finally approved are shown on the project card in
Appendix A and are also given in Appendix B, together with added in-
formation required for standardization.

4. Personnel. The development work on this project was ac-
complished by John T. Pennington, and the inspection and tests by
Frank A. McFarlan., Photogrametric Branch. All work was under the
supervision of William C. Cude, Chief, Topographic Engineering De-
partment.

SII. INMETIGATICN

5. General. The representatives of several firms were con-
tacted and requested to submit bids for the development and construc-
tion of an experimental model instrument which would oonforA with
the approved military characteristics. Development contracts were
awarded to the Rutherford Machinery Company of Rutherford, New
Jersey, the Aero Service Corporation of Philadelphia, and the Bausoh
and Lomb Optical Company of Rochester. This development was carried
on during the war years; therefore, because of the dem•nd for acom-
plishing work of higher priority, and because of the lack of mater-
ials, and the shortage of personnel, progress was extremely slow.
As a result, the Rutherford Maohinery Company contract was finally
canoelled; also, the Aero Service Corporation and the Bausch and
Lamb Optical Company were unable to make deliveries of their finished
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Fig. 1. Experimental rettifier constructed by Aero Service
Corporation.
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instruments until October 19.5 and July 1946, respectively. Com-
parative tests were run on both designs and it was found that neither
instrument was entirely satisfactory for its intended purpose. How-
ever, the test provided a basis for modifying the more suitable of
the two. This modification was accomplished by means of a purchase
order placed with Fred P. Willoox, Bethesda, Maryland. The modified
instrument was then fýrther tested and is the end product that is
evaluated by this report.

6. Description of Aero Service Corporation Rectifier. Fig. 1
shows an assembled view of the instrument constructed by the Aero
Service Corporation. This instrument is of the horizontal projec-
tion type, with the negative, lens, and easel planes mounted on ver-
tical axes. The lens and easel planes may be translated (moved)
along the horizontal tracks or ways, and the negative may be swung
through 3600 in its own plane. The angular and linear motions are
accomplished manually. Appropriate scales are provided for setting
the instrument to predetermined data; all settings are made with
respect to a base direction or reference line (the line between the
principal point of the negative and the nodal point of the lens).

The instrument is designed so that it may be readily
broken down into six principal sub-assemblies-, the base, the easel
and easel carriage, the lens carriage, the negative carriage, the
illumination unit, and the projection lenses. The complete instru-
ment weighs 564 pounds and is packed in four carrying chests which
may be used as a supporting table as shown in Fig. 1. All motions
are equipped with scales illuminated by ruby lamps. The angular
motions are provided with 5-minute verniers and the linear motions
have 0.1. ,n verniers. A detailed description of the component parts
follows:

a. Base. The base is an aluminum casting containing two
precisely machined inverted "1" rails cast integrally with the base.
The lens and easel carriages are translated along the tracks by
means of pinion gears that engage a rack gear positioned in the
center of the casting. A scale (graduated in millimeters) is posi-
tioned on the front of the casting and measures the movement of the
lens and easel carriages. The aluminum casting (base) is supported
by four heavy duty rubber grommets.

b. Easel and Easel Carriage. The easel is a cast alumi-
num shell 37 by 32 by 4½ inches in size; it is pierced with holes
1/16 inch in diameter spaced on f-inch centers over the entire front
surface. The easel is canted about a vertical axis through its
front surface, by means of a hand wheel on the side of the easel
carriage; a second hand wheel is provided for translation along
the base. The easel carriage is supported on the base by bronze
oilite bearing pads. The vacuum that holds the printing paper flat
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against the surface of the easel is created by a 3/4-hp Viotor-Acme
rotary peaitive pressure blower connected to the easel frame by a
flexible tube 3 inches in diameter. The blower assembly also con-
tains the transformers required for the operation of the light
source.

c. Lens Carrie. The lens carriage is similar in de-
sign and construot ian to the easel carriage; the rotational, trans-
lational, and support features are identical. The framework (carri-
age) supporting the bellows rotates independently of the shaft sup-
porting the lens; in addition, a cross slide arrangement is pro-
vided so that the bellows will seek its own position when the nega-
tive and lens carriages are canted. A manually operated disk, posi-
tioned In front of the lens, is provided with a clear aperture for
exposure and with a red filter for use in orienting photographic
paper on the easel.

d. Negative Carriage. The negative carriage, of cast
aluminum construction, is designed so that the negative plane is
rotated about a vertical axis positioned at a distance of 1/3 the
thickness of the stage glass in front of the negative in order to
correct for refraction in the stage glass. The negative is canted
about a vertical axis through its front surface by the hand wheel
on the side of the carriage, and swung about a horizontal axis
through the face of the negative by the hand wheel located in the
negative frame. Supports attached to the framework of the carriage
are provided for mounting standard aerial film spools; in addition,
a specially designed micrometer-type device is provided on the spool
mount for aligning the negative with the collimating marks on the
negative stage glass. The film is flattened on the stage by a
pressure glass which may be readily removed from the instrument if
desired.

e. * llumination. The aluminum alloy light box is hinged
to the negative carriage so that it rotates with the negative. Your
100-watt, high-pressure mercury vapor lamps are mounted in the light
box behind a flashed opal glass diffuser. Because the mercury vapor
lamps radiate considerable heat, forced draft ventilation is neces-
sary and this is supplied by a fan operated by a 1/30-hp motor
mounted on the side of the light box. The lamps must be burned con-
tinuously when the instrument is in operation as approximately 4
minutes are required for them to reach their full intensity, and
because they will not light while hot. Consequently, a curtain
shutter arrangement, which closes when the box is swung away from
the negative, has been provided on the front of the light box to
block out transmitted light.

f. Lenses. Two lenses are supplied with this instru-
ment: a 4-inch7focal length Baker Hypergon for use in rectifying
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the high oblique negatives, and a 71-inch focal length Bausch an&
Lamb Protar V for near vertical rectification. The 4-inch lens
was speolally designed for rectification by Dr. Baker of the
Harvard Observatory, and is of symmetrical Hypergon design, nimi-
nalls free of distortion. This lens is unique In that it has a
canted diaphragm stop, f%22 aperture ratio. The 7- inrch Bausch and
Tb Protar V is a stock f:18 lens Lesigned for wide-angle camera
applications, but may be used as a process lens.

7. Description of Bausch and Lomb Optical C2gpang Rectifier,
Fig. 2 shows the Bausch and Iab instrument set up for operation.
The general principles of design for this Instrument are similar to
those of the Aero Service rectifier, as are the main components of
the two rectifiers. The instrument weighs 530 pounds and is packed
in two carrying chests. All motions are hand operated, the angular
scales being equipped with verniers allowing direct reading to the
nearest minute of arc, while the linear scales have verniers read-
ing to the nearest 0.1 mam.

a. Base. The base of the instrument consists of two
polished steel tubes permanently mounted In cast aluminum blocks
supported by four detachable steel tube legs, two of which are ad-
justable for leveling. The lens and easei carriages are translatable
along the tubes; large motions are manually made, while accurate
settings are made by a clamp and slow motion screw. A linear milli-
meter scale extends along the base.

b. Easel and Easel Carriage0  The easel is a cast alumi-
num shell 40 by 30 by 1 5/8 inches; It is pierced with holes 3/64
inch tn aiameter spaced on about 5/8-inch centers. The easel is
connected to a deep bearing in the easel carriage to permit rotation
about a vertical axis through its front surface. Large rotations
of the easel are accomplished manually, and a clamp and tangent
screw arrangement is provided for accurate settings. The easel
carriage is supported on the tubular ways by two "V" rollers on one
side and by a plane face roller on the other. Vacuum is supplied by
a 1/3-hp Bruers Tornado blower connected to the easel frame by a li-
inch flexible rubberized tube.

c. Lens Carrlage. The lens carriage, also of cast alumi-
nmm construction, is supported on the tubular ways In a manner simi-
lar to that of the easel carriage. It is designed so that the lens
may be rotated about a vertical axis through the entrant node of the
lens. The lens mount is provided with positioning studs to facili-
tate the interchanging of projection lenses. The framework support-
Ing the bellows rotates independently of the shaft supporting the
lens, so that the bellows will seek its own position when the lens
and negative planes are canted,
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17 0-1-2
Fig. 2. Experimental rectifier constructed by Bausch and
Lomb Optical Compan~y.
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d. Negative Carriage. The negative carriage, for the
most part of cast alminum construction, has provision for rotating
the negative about a vertical axis which is positioned at a distance
1/3 the thickness of the stage glass in front of the negative plane.
The negative plane is canted wmnually for large motions, but for ac-
curate settings a clamp and tangent screw is provided. The swing of
the negative is actuated by a knurled kb that is accessible when
the light source is swung away from the nektive. Supports provided
for mounting standard aerial film spools can be adjusted to center
the spools when the negative is being aligned with the fiducial Mrks
on the negative stags. The film is flattened on the stage by a pres-
sure glass hinged to the negative carriage.

e. Illumination. The light box is fabricated of alumi-
num alloy, and is hinged to the negative carriage so that it is
canted with the negative carriage but is not free to swing in its
own plane. The area of illumination has been made sufficiently
large to illuminate the diagonal of a 9- by 9-inch negative as the
film is swung through 360° in its own plane. The light source is a
bank of sixteen, 15-watt 18-inch fluorescent tubes placed behind a
ground glass diffuser. A toggle switch is provided for individual
control of each lamp and there is also a master switch for control
of the entire bank. The activators for the lamps are all contained
in a metal box mounted on the base of the rectifier, and the starters
are mounted in the light box.

f. Lenses. Three interchangeable f:6.3, projecting
metrogon lenses of---, 5+-, and 7-inch focal lengths are supplied
with this instrument. The biwoh lens is intended for use in rec-
tifying the high oblique photography of the tri-metrogon assembly,
and the 7-inch lens is for use in rectifying photography of low
tilt. The +-inch lens was an experimental model and was used to
determine whether it might be satisfactory for all rectifications
required of the instrument in lieu of the 4-= and 7-inch lenses.
All lenses are mounted in Betox shutters.

g. Special Scaling Device. The Bausch and LoM recti-
fier is equipped with a special scaling device for the express pur-
pose of simplifying the calculations necessary for setting (lig. 3).
The short bar is rigidly connected to the shaft supporting the lens
and is always perpendicular to the optical axis of the lens. The
long bar is rigidly oonnected to a bracket which pivots at the cen-
ter of rotation of the negative. This bracket also carries the
verniers for two graduated circles at the negative end of the in-
strument. One of these circles is fixed in position with respect
to the base of the rectifier, and the other circle rotates with the
negative. Thus, when the long bar is rotated about the center of
rotation of the negative, the angle of rotation of the bar can be
read on the fixed circle, and the angle of cant of the negative,



IVi
P4

to

ILC



10

with respect to the long bar, can be read on the rotating circle.
Where the two bars intersect, there in a pin-oannected hinge hioh
my be slid along the two bare and my be looked so that the two
bars are perpendicular. This hinge device carries verniers, suit-
able claxets, and slow motion screw for settings aO the two bars.
In operation, the hinge look is released, and predetermined distances
are set on the two bars; then, the lens carriage is positioned al'
the bed at the point where the two bars my be looked in a perpendi-
oular position. This automatically positions the lens along the bed
and at the same time cants the lens; also, the movable vernier at
the negative in positioned in such a manner that the angle of oant
of the negative my be determined with respect to the base reference
line, instead of referencing it to the optical axis.

Setting the special scaling device requires the oaa-
putation of two angles and two distances. Values obtained from the
scaling device together with the precowputed angles and distances
are used as the basis for three additional computations required for
the complete setting of the instrument.

8. Deficiencies of Pilot Model Rectifiers. Sinrized below
are the principal deficiencies noted in the engineering tests of
both pilot model rectifiers, together with som observations on the
design and performance of each instrwment. The engineering tests
included tests for: lens distortion and resolution; accuracy of
rectification; exposure time; operational and performance charac=
teristics; and accuracy of auxiliary scaling device on the Bausch
and Lonb model.

a. Aero Service Corporation Rectifier.

(1) The blackout provisions of the light source were
found to be unsatisfactory because of light leaks around the
box, and because of the flimsy construction of the curtain
shutter.

(2) Precision settings of the scales were difficult
to make because of backlash in the gears; also, accurate read-
ing of the easel scale was impossible when the easel was set at
zero tilt because the viewing space was blocked-off.

(3) No provision was mde for looking the settings
on the various scales.

(4) Orientation of film on the stage glass was diffi-
cult because of a cramped condition existing around the negative
stage.

(5) The mercury light source required a 4-minute
warm-up period; in operation, the excessive heat radiation



31

required forced draft ventilation; and the lack of control of
the lights affected the uniformity of the prints.

(6) The easel was thicker and heavior than necessary.

(7) The vacuum pump vas larger and heavier and of
greater capacity, than was required.

(8) The Baker Bypergon lens of the Aero Service
Corporation model did not produce as sharp a print as the pro-
jeoting metrogon lens of the Bausch and lOmb model when used to
rectify photography of high tilts.

b. Bausch and Lomb Optioal Company Rectifier.

(1) The frame of the instrument was not sufficiently
rigid, and the translation of the lens and easel caused do-
fleotion of the tubes.

(2) There were several light leaks around the light
blackout shield that could not be adequately blocked.

(3) No safelights were provided on the scales or
verniers, necessitating the covering of all photographic emul-
sions and the turning on of overhead lights to set the scales
for each exposure.

(4) fllumination of the fiducial marks was such
that all four fiducial marks could not be seen from a single
eye position.

(5) Precise rectifier settings could not be obtained
from the special scaling device; nor did it simplify the cal-
culation procedure.

(6) The experimental 5k-inch focal length lens did
not produce rectified high oblique prints that were as sharp
as those produced with the 'J-inch focal length lens.

(7) The projecting metrogon lenses produced sharper
prints than did the lenses supplied with the Aero Service model.

(8) Mbre uniform prints were obtained with the
fluorescent light source of the Bausch and Lemb model than with
the mercury vapor light source of the Aero Service model, as
the illumination was easier to control.

(9) The two packing chests were, larger and heavier
than required.
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9. Modification of Bausch and Lmb Rectifier. While both in-
strunenta conformed in general to the approved military characteris-
tics for this development, neither was entirely suitable for its tp-
tended purpose. The tests indicated that the Bausch and Lomb model
was the more desirable of the two, and it was believed that with saw
modifications to eliminate the deficiencies stated in par. 8, it
would be entirely adequate. To accomplish these modifications, the
required changes were used as the basis far negotiating a Purchase
Order with Fred P. Willcox of Bethesda, Md. As the modifications
progressed, it became evident that in order to make some of the
changes, the contractor was obliged to rebuild completely certain
sub-assemblies. Thus, it was found that instead of modifying the
instrument, the original was used merely for the supply of parts in
rebuilding. As a result of this rebuilding, the design of the in-
strument was improved considerably: the center of gravity was
lowered, the weight was reduced, and a three-leg support suitable
for truck mounting was provided.

10. Description of Modified Bausch and Lomb Rectifier. Fig. 4
shows the modified Bausch and Lomb rectifier as delivered to the
ERDL in March 1948. The general design is clean and simple, and
th% instrument has been constructed almost entirely of light metal
alloys; the total weight has been reduced to 310 pounds. The size
of the instrument has been reduced to a minimum, so that when
assembled for operation, it requires a floor space of only 5 by 31
feet, exclusive of operator space; the height has been reduced to
6 feet to permit truck mounting. The special scaling device has
b~en eliminated, and scales for the angular motions have been
placed in positions so that they can be read more conveniently;
In addition, the scales have been equipped with locks and tangent
screws for precise setting. Ruby lams (safelights) have been
placed on all scales to permit settings to be made on the instru-
ment while photographic paper is in place on the easel. Two compact
chests for packing and transporting the instrument have been de-
signed and built by the EMDL. A detailed description of the com-
ponents of the rectifier follows:

a. Base. The base is a rigid frame fabricated from 4-
inch, structural aluminum alloy channels, and it is supported on
adjustable tripod legs in order to minimize the transmission or
torsional stresses to the frame when the rectifier is mounted in a
truck body. Foot pads are provided for rigid bolting of the legs
to the floor of the truck. The ways, or longitudinal tracks on
which the lens and easel carriages travel, are half rounds, ground
from stainless steel stock. Two level bubbles mounted at right
angles to each other on the basb, are provided -o Indicate the
level of the ways.

b. Easel and Easel Carriage. The easel has not been
changed from the original instrument since the size of the original
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170-1-25
Fig. 4. Side view of modified Bausch and Ianb rectifier.



design is required to acommodate the mxlmm inaifioation; how-
ever, the easel carriage has been modified by under.linging it with
respoot to the ways in order to lower the center of gravity. The
easel carriage is supported on the ways by rollers 7/8 inch In
diameter; two on one side are "7" type, and the single roller on
the other is plane faced. The rollers were designed with a unique
adjustment feature that permits .050-inch lateral, and .020-inch
vertical adjustments. Vacuum is sypplied the easel frame by a
standard household vacuum cleaner.

.° Lens Carrie. The lens carriage now oonsists of a
structural alvum tube 2 inches in diameter (which supports the
lens), and a fabricated, straotural aluminum framework, the center
of gravity of which has been lowered in a mnner similar to that of
the easel carriage. The lens carriage has been further stabilized
by separation of the support rollers so that the three point contact
approximates an equilateral triangle. To insure against any over-
turning moment of the lens carriage, look bearings have been pro-
vided under the roilers. These bearings are mounted on spring-
loaded pivot arms so that they may be retracted for disassembly of
the instrumeat.

d. Negative Carriage, The negative carriage consists
of a fabricated, structural aluminum framework positioned on its
vertical bearing by means of alignment pins, and locked in place by
three cap screws. The negative stage glass holder is mounted on
bearings which allow it to rotate through a full 360c of arc; con-
trol of this motion is by hand for large adjustments, and by clamp
and tangent screw for small precise adjustments. The design is such
that film may be easily placed on the stage glass or removed from
it without dismantling any part of the instrument. A ruby glow lamp
has been placed behind each fiducial mark to provide for ease in
centering the film from a single eye position. Each lamp is mounted
on a pivot arm, and all four are interconnected by means of pulleys
so that they may be swung out of the way (when not in use) by a lever
located at the rear of the negative frame.

e. Illumination. The illumination unit has been com-
pletely redesigned and now consists of a light-tight, sheet aluminum
box containing fourteen, 8-watt, 12-inch fluorescent tubes spaced on
7/8-1inch centers, behind a ground glass diffuser. The activators
for the lamps are all contained in a metal box mounted on the base
of the instrument, while the starters are situated at the rear of
the light box directly behind the tubes. A toggle switch is provided

1i A standard household vacuum cleaner provides adequate pressure,
is cheap and easy to obtain, and can be supplied with attach-
ments for cleaning dust and dirt from the bearings and other re-
stricted parts of the equipment.
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170-1-22
Fig. 5. Light box mounting and negative stage assembly,
modified Bausch and Lomb rectifier.
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far idi±vidnal control of each lamp so tbat the IfI.Iwidnation reach-
ing the easel can be balanced over the entire area of projectim.
There is also a mater switch fur control of the whole bank. 7he
light bom is mounted by a novel arr- mnt which allw it to re-
volve, and fit snugly into place behind the film pl. regardless
of the cant or owing of the film, thus reducing light leaks to a
mdnium Tbo dsiga of this npchanism is such that the tubular arm
supporting the light box is supported on a vertical axle rigidly
connected to the vertical axis of rotation of the negative carriage
(Fig. 5)0 This allows the light box to be canted with the negative
assembly., axd also permits the light bom to be revolved. awy from
the negative assembly as shown in the figure. In addition, the
bearing-type ac mection between the light box and the tubtlar arm
permits rotation of the light box in its own plane so that ac no, -
dation is made for any swing of the negative.

f. Inses. The 4- and 7-inch focal length, f:6.3 p3ro-
jecting metrogon lenses previously described are used with the moli-
fied instrument. A fratten gelatin filter has been supplied which
may be clipped to the lens, if desired., far use in orienting sensi-
tized paper to the projected image.

11. Assembly and Ad•lustment. Fig. 6 shows the modified Bausch
and Lomb instrument broken down into its component parts. To
assemble, the legs are first attached to the frame, the negative
carriage is positioned. on its alignment studs., the lamp box is se-
cured to its mount, the lens carriage is fitted to the horizontal
tracks, the easel and easel carriages are assembled and placed on
the tracks, the vacuum hose is interconnected between the easel and
vacuum pump, and finally, the lens is secured on the lens mount.

Figs 7 and 8 show how the instrument is placed in chests
for shipment. Chest No. 1 occupies 24 cubic feet, weights 340 pounds
when fully loaded., and contains the legs the frawe, the easel, and
the vacuum pump. Chest No. 2 occupies 1N.1 cubic feet, weighs 250
pounds fully loaded, and contains the remainder of the superstruc-
ture including the lanp housing, negative carriage, lens carriage,
easel carriage, projection lenses, and spare parts.

For truck mounting, the base of the instrument is bolted
to the floor of the trnck, and chest No. 2 is also bolted. to the
floor of the truck beneath the base (Fig. 9). For transport in the
van, the light source, negative carriage, lens, and lens carriage
are removed from the base and placed. in the spaces provided in Chest
No. 2 (Fig. 10). The easel is also removed from the base and mounted
on the floor of the van. This disassembly can be accomlixshed in
about 5 minutes by two man.

Adjustment of the instrument, narmlly completed in the
factcr, consists of shifting the component parts of the rectifier
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170-1-21
Fig. 7. Chest No. 1 packed with contents of modified Bausoh
and Lomb rectifier.

170-1-19
Fig. 8. Chest No. 2 packed with contents of modified Bausch
and Lom rectifier.
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into their true meohanical alignment by means of adjustable bearings
to satisfy the folloving criteria:

a. Aligmnt of Axes of Rotation. The horizontal and
vertical axes of rotation are adjusted so that when the instruent
is varied from extreme reduction to extreme magnifioation with
either lens, the projected image of the center of the negative is
displaced leas than 0.020 inch.

b. Scale of Projection. The neagtive, lens, and easel
planes are adjusted in such a manner that the scale of the projected
image of a true grid will be true in all directions to an accuracy of
one part in 750.

12. Operation of the Modified Bausch and I.b Rectifier. Oper-
ation of the instrument involves five separate steps, assumin the
rectifier settings have been previously calculated.

a. Film Negative Orientation. The film negative, either
cut or roll, is oriented to the fiducial marks of the stage glass
(emulsion side down), and is secured by looking the pressure glass
into place behind it.

b. Beale Settings. Three angular scales (cant of nega-
tive, lens, and easel) and two linear scales (spacing of negative
to lens, and lens to easel), must be set for each rectification. It
may be necessary to set an additional angular scale (swing) if the
negative contains a combination of tip and tilt.

a. Adjustment of Illumination. The projection lights
are adjusted by turning off those not required until uniform illumi-
nation is obtained on the easel. After the safe filter is placed
over the lens, sensitized paper is fitted on the easel in proper
orientation, the lens closed, and the filter removed.

d. E The lens is then stopped-down to the de-
sired opening, and the exposure is made by opening the shutter,
such action being accompanied by hand dodging, if required.

e. Print Processing. The exposed print is removed froi
the easel, developed, fixed, washed, and allowed to dry.

13. Calculation of Settings. For precise rectification and
simultaneous sharp focus in any optical rectification apparatus,
certain geometric relationships most be set up in the instrument.
for the relative position and orientation of the negative, projec-
tion lens, and easel; these positions and orientations are depend-
ent upon the camera focal length, projection lens focal length, and
the tilt of the aerial camera at the instant of exposure. For this
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instrinnt, it is necessary to calculat, the cant of the nqative.,
lens, and easel with respect to the line between the principal
point of the negative and the node of the projection lens, and to
caloulate the spacings between the negative, lens, and easel.
These values are then set on the scales and circles previded. For-
AW2ae for the oaloulation of these settings (Fig. U) are as follows:

Sin tp sinT

Sin n -f sin. TSintnmjM '

a p tan• •
Cot (-pp) t=2jT

P-½•+' - ½ =-p

o = f csc2 )• 0 see

0 x f sec 2  cscY

where tan2 Az M sec T - d/c

in the above formilae

F z focal length of camera lens
f a focal length of rectifier lens
T a tilt of aerial photograph
M - magnification ratio

In addition to solving the above formulae for setting the instru-
ment, it is necessary to apply a oorrection to the easel distance
for the nodal separation in the projection lens determined by the
formula

n' = n (sin Y coos - cotp)

in which n is the nodal separation of the lens.

1i. Aids to Calculation of Settings. One of the military
characteristics for this development requires that aids to the
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determination of settings such as nmgrams, charts, or curves be
supplied with the instrument. During the course of this develop-
ment, both a set of nomograms (Figs. 12 through 19), and a oircular
slide rule (7ig. 20) were developed. In addition, the possibility
of supplying a set of curves for this purpose was investigated.

S"he complete set of nomcnrams sists of eight 20- by 22-
inch sheets, of which four are the basic charts, and will provide
settings for the complete range of rectification, while the rmin-
ing four are exaggerated scales of portions of the four basic charts
for more accurate values of settings for tri-metrogon photography.
Rectifier settings my be determined from the basic noams for
all tilts from 00 to 900, for f/F ratios between 0.25 and 2.5, and
for isoline magnifications from 0.3 to 3.0.

The circular slide rule consists of a heavy cardboard base
13 inches in diameter, a central circular section 10 inches in diam-
eter printed on thin cardboard stock, and a plastic indicator; the
entire unit is held together by means of a plastic center button.
Rectifier settings my be determined from the slide rule for all
tilts from 50 to 700 and for magnifications between 0.6 and 2.5.
Construction of a rule with tilts beaew 50 is not practical.

Curves can be plotted for each motion of the rectifier by
computing limiting values from the formulae, plotting the points,
and connecting them by smooth curves. This method is practical
only when the focal length of the taking camera, the approximate
tilt, and the desired magnification are known prior to construction
of the curves; otherwise, an infinite number of curves must be
supplied.

Comparison of the nomograms and slide rule indicate that
their speeds of operation are about equal, that is, approximately
nine complete computations per hour. Accuracies are considerably
better with the nomograms than with the slide rulea for tri-
metrogon photography, the average angular error is 2.5 minutes and
the average linear error, .15 mm; for near vertical photography,
the average angular error is 6.7 minutes and the average linear
error, 2.3 m.

Neither the nomograms nor the slide rule will give the de-
sired accuracy where precise, geometrically correct, rectifications
are to be made; however, either will give sufficient accuracy for
most applications of the instrument and for a rapid determination
for checking purposes.

15. EMineering Tests and Results. Descriptions of the engi-
neering tests conducted at the ERDL to determine the conforomce of
the instrwnent with the military characteristics and its suitability
for service test follow:
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a. .PerfeLozE oe Charaoteritict. Routine lalbratery
procedures were us" to check the perfer•nzce characteristics of the
instriMint.

(1) AccMc of 6&P ,Reotfioatim. The rctifier
Vas set up with the calclated scale values for the 4-inch
lens, a true perspective grid drawn at a W0 tilt was oriented
on the fiducial marks, amA the projected Iq of the grid was
oopared to its theoretically correct shape and dimmiWOm at
an isoline scale of 1:1. The results of this teat are shown
in Fig. 21, in which the arrow indicates the directiez, and the
nmral the amount of error in millimeters. In general, the
error introduce& by the rectification process will be les
than the error introduced by inherent inaccuraciee in determin-
Ing the exact tilt angle.

(2) Lens Distortion. The distortion in the 4- and
7-inch, focal length lenses is shown in Table I. These distor-
tions were determined by projecting a master scale of known di-
mensions through the lens and exposing the image on white pig-
ment base acetate for measurement. The distortion is expressed
in millimeters at the scale of the projection, positive values
indicating that the imes is displaced radially outward from
the center with respect to its distortion free position. The
estimated accuracy of these measurements is + 0.02 am.

Table I. Lens Distortion at Two-diameter Magnification

Distance Out from Center of Positive (mm)
Lens 0 50 100 150 200 250

4-inch 0.0 -0.08 -0.13 -0.18 0.00 PO.35
7 -inch 0.0 *0.03 *0.03 -0.01 -o.o1 -0.0

(3) Lens Resolution. The resolving power of the 4-
and 7-inch projecting metrogon lenses is shown in Table II for
a 2-diameter enlargement. These values were obtained by expos-
ing, on film, resolution tE'_gets containing patterns of lines
spaced 2, 3, i•, 5, 6, 8, 10, 13, 16, 20, 25, 32, o0, 50, 63,
and 80 lines per millimeter. The results indicate the number
of lines per millimeter resolved tangentially and radially, in
the negative plane, at various angles from the center of the
field. The lenses were set at f/lu opening for these tests.

(4) Range of Rectification. The range of rectifica-
tion of the modified instrument is shown in Fig. 22. In this
figure the isoline magnification is plotted against the tilt;
the range required by the military characteristics is shown by
the cross hatched area.
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Wbile II. haail and Thagentia1 Leas Resolution
at Two-diauter i8Difioation

Anlae 00 iO '00 300 0
Orientation R T R T R T R T R T

Resolution of 7-inch lens 50 50 50 50 32 32 20 20 - -

(lines per m)

Resolution of 4-inch lens 50 50 50 50 4 40 25 25 20 20
(lines per M)

b. Operational Characteristics. The instrument has been
operated by pereonnl of the MDL as oU1 as by personnel of the
Ary Map Service, for the rectification of near vertical, split
vertical, and tri-setrogon photography. These jobs inoluded:
(1) rectification of 79 tri-zetroo oblique negatives for the
Aeronautical Chart Service; (2) rectification of 17 tri-metragon
oblique negatives to include 78b from the vertical for the Aero-
nautical Chart Service; (3) rectification of 215 tri-mutrogon
oblique negatives by ANS for a shingle mosaic laydown; and
(4) rectification of nmerous split vertical and near vertical
photographs for test purposes. The operational characteristics
were determined from observations made during the actual production
of rectified prints rather than by specific tests.

(1) Ex Fig. 23 indicates the approxi-

mate exposure times required for tri-metrogon obliques of
average density. For a given print, the exposure time is
affected by a number of variables such as tilt of negative,
density of negative, nmnber of fluorescent tubes used, lens
stop, type of paper, and amount of hand dodging, so that the
exact time required for any print must be determined to some
extent through operator experience. In general, the exposure
time was found to decrease as the angle of tilt was decreased,
so that for near vertical photography it was in the neighbor-
hood of 1 to 10 seconds.

(2) Print Quality. Appendix C is a sample of a con-
tact print and one of a rectified print of a tri-metrogon
oblique negative. The quality of the print is sufficient for
either susll-scale map compilation or mosaic assemblies with
angles up to 700 from the plumb, and in some cases can be used
with angles up to 750.

(3) Rate of Production. Records of the work per-
formed with this instrument sh w that an operator can rectify
at least 32 prints per 8-hour day. Assumi the photography to
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be 6-inch focal length, flewn at an altitude of 20,000 ft,
with a tilt of 6&0 fx the plumb, then a single rectified 20-
by 21 -inoh print represents a ground coverage of approximtely
170 square miles, and a strip of 32 consecutive rectified
prints represents a ground coverage of approximately 1000
square miles, assuming the photographs were mae such that the
verticals contained an overlap of 60 percent, and that the
rectified prints were used up to an angle of 75° fre the
plumb,

c. Road Tests. Road tests were carried out in two
phases: 150 miles over good roads at speeds ranging frm 30 to 50
mph; and 150 miles over secondary roads at speeds of 10 to 30 mph.
At the conclusion of each phase, the instrument was checked for
aligument and adjustment by projecting a perspective test grid onto
the easel and comparing the inage to its original size and shape
prior to truck mounting. The results of these tests showed that
there was no appreciable change in calibration or adjustment re-
sulting from the truck tests. There were no mechanical failures in
the instrument.

d. Low- and High-temperature Storage Tests. The recti-
fier was tested for storage under extreme temperature conditions by
subjecting it to both low and high temperatures in the ERDL Temper-
ature Test Chamber. For the low-temperature test, the temperature
was reduced to -25, -50, and -80 F with an 8-hour soaking period at
each of these temperatures. Tnoluding the time required to reduce
the temperature of the test chamber, the instrument remained at sub-
zero temperatures for a total period of 55 hours. For the high-
temperature test, the temperature was raised to 165 F and was
soaked for 8 hours at a relative humidity of 45 percent. In all,
the instrument was subjected to above normal temperatures for a
period of 15 hours. The instrument was examined for failures at
-25, and -50 F as well as at the conclusion of both high- and low-
temperature tests. There were no mechanioal failures resulting
from the low- and high-temperature storage tests.

e. Radio-interference Suppression Tests. The instru-
ment was tested for radio interference by Signal Corps personnel
from the Coles Signal Laboratory, Red Bank, N. J. Noise of an ob-
jectionable level was noted over the frequency range .35 through
156.0 megacycles using standard Signal Corps test equipment. The
instrument was suppressed by means of line filters and capacitors,
and by proper bonding to a suitable ground. Further tests showed
that the suppression system attenuated, to a satisfactory level,
radiated interference over the frequency range of .35 to 156.0
megacycles. Technical Memorandum M-1227, "Radio Interference Sup-
pression of Rectifying Projection Printer,," dated 26 Septqmber 1949,
prepared by the Signal Corps Engineering Laboratories, Fort MonMouth,
N. J., covers the suppression tests on this instrument.
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f. Mildew and 1'iggs Resistance. Investigtion of the
resistance of the rectifier to mildew and fungi s grouth indicates
that all parts of the instrument, except the projection lenses, are
of a aterial covered by Federal speiofioations regarding treatment
for resistance to fungus growth. At the present tie, there is no
satisfactory method for treating lenses of the type used in this in-
strument for permanent resistance to attack by fungus.

16. Draý and, •ecifioations. A coplete met of detail
drawings (D 7696) are currently being prepared for this equipmnt
at the ERDL. Corps of Engineers specification titled, "Printer,
Photographic Horizontal Projection, Rectifying, Tilts under 70 De-
grees, for 4 Inch Aerial Roll Film," the standard nomenclature for
this item, is also in the process of preparation.

III. DIBCIUSION

17. Compliance with Military Characteristics The engineering
tests have shown that the modified Bausch and Lomb rectifier complies
with the requirements of the approved military characteristics as
listed in Appendix A. The instrument was also checked for oompli-
ance with those additional military characteristic requirements
which are now standard for all types of military equipment. These
include resistance to extreme temperature conditions, radio inter-
ference suppression, air portability, and mildew and fungus resist-
ance. The engineering tests demonstrated that the instrument meets
the requirements for extreme temperature conditions, and is satis-
factorily suppressed to meet the radio interference suppression re-
quirement. Weight and size are suitable for air transportability
in any phase.

Investigation of the rectifier's resistance to mildew and
fungiu growth indicates that all parts of the instrument, except
the projection lenses, are of a material covered by Federal specifi-
cations regarding treatment for resistance to fungus growth, and can
be so treated in future procurement. At the present time, there is
no satisfactory method for treating lenses of the type used in this
instrument for permanent resistance to attack by fungus. As a con-
sequence, it is proposed that the instrument be supplied with the
lenses placed in a special tropical pack to protect them froi fungus
until the instrument is set up for use. When put in operation in
regions where the lens will be attacked by fungus and mildew, it
will be necessary to. remove the lens periodically for a thorough
cleang, an operation that should require only a few minutes.

18. operational Aids and Taining Publications. Since the
nomograms proved to be a more satisfactory aid to the calculation
of settings than did the slide rule, because they cover the complete



range of the rectifier and provide more accurate results, complete
sets of nomgrams will be furnished with each instrument. The nmo-
rams will be printed on a heavy paper base as this medium will

satisfaotorily withstand the temperature requirements. However,
since the paper may tend to wear out and deteriorate with use, it
is proposed that five complete sets of n g be furnished with
each instrument.

The basic principles of the rectification process are set
forth in TM-5-240. However, it will be necessary to prepare a tech-
nical manual on the operation and maintenance of the instrument.

19. Service Tests. Correspondence from Headquarters, Army
Field Forces indicates that the results of engineering tests will
be acceptable without subjecting the equipment to further service
testing. A copy of this correspondence is contained in Appendix A
to this report.

The engineering tests, to determine the suitability of
the instrument for its intended service use, were conducted as
operational tests, and consisted, for the most part, of the produc-
tion rectification of tri-metrogon obliques. It is believed that
this will be the major application of the instrument, in view of
the prospective availability of the autofocus rectifying projection
printer thr' was recently developed under a different project,
especi~lly for producing mosaic work from photography of lower
tilts. These production rectifications were performed by various
personnel and, in all cases, the modified Bausch and Lomb rectifier
satisfactorily performed the function for which it was developed.

The truck tests have demonstrated that the design of the
instrument is suitable for withstanding the rough treatment of field
use as there was no part breakage or other mechanical failure. In
addition, the instrument retained its calibration throughout the
tests and did not require readjustment because of wear or for any
other reason.

20. Standardization. Since the modified Bausch and Lamb rec-
tifier meets the requirements of the military characteristics, it is
considered to be suitable for standardization as adopted type,
standard type.

a. Basis of Issue. Vertical or near vertical mapping
photography is normally preferred for mapping applications. Where
it is desired to rectify such photography, the autofocus rectifier

when standardized, should be suitable for this purpose. However,

2. ERDL Report 1124, Interim Report. Development of Autofocus
Rectifying Projection Printer, 13 May 1949.
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conditions may be such that near vertical photography to neither
practical or possible to obtain, as was true in certain instances
during the past war. In such instances, split vertical or tri-
metrogon photography was resorted to. Since the modified Bausch
and Lomb rectifier is the only equipment which will aoooumodate the
higher tilt photography, it is essential that this instrment be
available to units when required. Consequently, it is proposed
that the instrument be classified as a Class IV item for special
issue. This classification is substantiated by correspondence from
Headquarters, Army Field Forces shown in Appendix A.

b. Additional Information Rejuired for Standardization.
Additional information required for standardization together with
the approved military characteristics is shown in Appendix B.

21. Personnel. Operation of the equipment breaks down into
t-.vo categories: (1) determination of tilt angles and rectifier
settings; and (2) printing the projected Image of the negtive.
The Aerial Phototopographer, MOB (004), should be well qualified to
perform the first task, while the Photographic Laboratory Technician,
MOB (945), can perform the latter one. Appendix D shows a detailed
description of these jobs.

IV. CONCLESIOI0

22. Conclusions. It is concluded that:

a. The modified Bausch and LomIb rectifier conforms to
t.he requirements of tb;e military characteristics for this develop-
ment.

b. The modified Bausch and Lamb rectifier is suitable
for standardization as adopted type, standard type, and as a Class
WV item of supply.

c. Personnel normally assigned to topographic units are
capable of operating the modified Bausch and Lomb rectifier.

V. RECOMMKIDATIOI

25. Recommendations. It is recommended that:

a. The modified Bausch and Lomb rectifier be standardized
as adopted type, standard type, and be stocked as a Class IV item of
supply o

b. This project be clued.



Bulaitt4 10 1

flAX A. I?3A
Project anlue

Forwarded by:

cbief,. Pbotograe~trio franch

Approved 13 Nkroh 1950 byt

WILLIAM C.* CODE
Chief., TOPOSraPhio Ingineering

Department



* ~APPUIDU A

Am'IORIT

Exhi, tx I

1 Projeot Card (IR1 Frm 1) 7

2 Cvrrewpondenoe Regarding the Elimintion
of S•rvioe Testing 49



47

Slbribibt. 1

weirr ounproeianm UWLAn8i8fl

I.i MO to NUM
IFhotegramletric Map and Chnart Compile.-

OlupAChrting. and Gooieey il

Wffine, Chief of !nineers Ener. Res. & Dev. Laboratories
L. 511=110 AM= Fred P. Villoox. Bethesda, Md.
sna. Intello Diva# W& OU

offioe. Chief of ftiores 8-35-03-004 jm

Amy Ground Forces (C) t 1.555 ,..lI
28 Maroch 1944 by ASP

1L mWIrT -Arw $1 • 9

ITIM N-, U818• CHC 1kaO4fir 18 , TI so

11.1111110=1 130141 .•.MO N A rectifying camera capable of reotifYing aerial
photography with tilts up to 70 degrees from the vertioal is required to allow
maxima utilization of tri-etrogon photography for reoonnaisssnce mapping*
charting and mosalo work. This development may result in a rectifier of such
marked superiority over existing itms that oomplete replaomoent would be
justified.

a . REZZRENCES
(1) Letter fram the President, the Engineer Board to the Cief of Engineers

dated 14 Jan 1944, Subjeot, *Transnittal of Engineer Board Report on
Rectifying Projection Camersa constructed at the Nngineer Board*, with
3 inolosures and 5 indorsements.

b. OBACTIVEs
(1) Development of a reotifying camera in which is inoorporsted the range

required for reotifying 6-inoh focal length wide angle photography with
tilts up to 70 degrees from the vertical and for rectifying 12 inch fom
length photography with tilts up to 30 degrees.

o MILITARY CHARACTERISHI1S,
(1) The rectifier shall be capable of rectifying 9 inoh by 9 inch aerial

photography of approximately 6-inch focal length with tilts up -o 700
from the vertical.

(2) The rectifier shall be capable of rectifying 9 inch by 9 inch aerial
photography of approximately 12-inch focal length with tilts up to
300 from the vertical.

(3) The accuracy of the rectifier shall be such that the rectified prints
produced therewith will be of sufficient accuracy for photogre-setrii

p•urpos es o
(4) The rectifier shell have a magnification range of at least 0.9 to 1.1

when reotifying photography of high tilts and a magnification range
of from 0.6 to 2.5 when rectifying photography with tilts up to 200.

(5) The rectifier shall be of a type and size as mall as possible to be
consistent with good design. Weight of the instrument shall be hold
to a minimum consistent with the functions required.

Icaim Pta L IB D. C.
am rmN . I An 9 24? 30

MslarwY QOd551P10d11 UNCLASSIFIED
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(e) The instrwmt edwll be of #41 metal rigid eomauston

(Ti am restelge drall have interdengeable lemaes, -e ot idleh shall be
at eppreoutely 41-Iweh foeod lengt and sevltbo ftr reotifylig the
9 ita by S in"h iz-lah photography with high tilts. Me other loes
shall be ot apprebmetely S-lack foea lnth and suitable fer uee In
rectifying the 9 lash by 9 Inch. tmolve-insh teeal length photogrephy
Nad the slz-iftb pberiograft of low tilte.

(6) The reetifter 61021 be -equipped with suitable e@ales by maw or e hioh
the rectifler my be eat to predetermined data and theee scnae* shall
be oush that the oeptatiome neeeesary fr determInig their settlge
ar redused to a milimo. - Aids to the doterminzatlm of settings ihere
oewputainm Is aoeeseary, aueh ae nemomgram, ohrtse or ouve wsill be
fUrnished with the Instrment.

(9} The eael doll be of the veom ftoem type 9 w larger than nee-
essary to aecomodate the reetfloatloas nd/j r eslargemants specified
above.

10) The light source shall be of standard fluoreeeent tubes.
11) The rectifier shall be so construoted that easy access my be had to the

negative stage without dIsentling any part of the instrusment, for the
purpose of haiging and orienltig negatives.

R 12) The rectifier shall take both roll aid cut film.
13) The desip and construction af the instn at shall be as simple as

possile consistent w1th the requirwents.
(14) The oonstruction shall ecotain a mtainum of strategio ad oritioal m-

teral consistent with the funactio required.
(15) Adequate Instruotions for sseembly, operation and msinte•n e shall be

furnished with the Isotrument.
<16) 7lo rectifier doll be so desiped that It oam be disautled In sections

far packing Lu 2 or 3 carrying chests.
d( eSeCU a• e oe
(1) •eferease a (1) transmits report on preliminary work' of e in eer Booad

an a rectifying o ome and ree, nds opening develo0Amt project.
Fourth indorement from r o. e Amy Service Forces to Chief of e gineers
dated a6 March 194 approves project snd military characteristics.

(2) Agenoles intereeted In this project, Lu addition to the Office, Ohiet
aot Dagineers are Army Groun Foces, Departont of the Air Force and
Nydregraphe Otffie, Deparbent of the Navy.

)e uJeeT iAno
(1) Two pilot akiLes have -been obtained and subjected to eti•ove ongi-

weril toets, which Indicate that one, with modifications, probably
will meet military requirmeatoe.

(2) The most promising pilot model will be modified to resedy defects dis-
closed by engineering tests.

(5) The modified pilot model will be subjeoted in further engineering tests
sad then to service test. by interested agweies.

(4) Plans ad speolfcatioma ao the final model will be prepared ad reeem-
amedatloas adwitted to the Ohief orf hinsere regarding olassificatiam
of e9qaipnt aetiom, badie of Issue and aeting productlon facilities.

N~1m UUDNdIUM VUSIAPSSX1D
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hthibit 2

SUBJECT: Transmittal of Service Teat. Card an Rectifying

Camera, Project 8-35-03-001

NG33 (19 Apr 49) 2nd Id

Office of the Chief of hgineers, Washington 25, D. C.,
4 October 1949

TO: Cm in General, The Engineer Center, Fort Belvoir, Virginia

1. Reference is made to letter dated 16 August 1949, =3I to
Mhief, Army Field Forces, subjects "Service Test of Printer, Photo-
graphic, Horizontal Projection, Rectifying, Tilts under 70 Degrees,
9-1/2 Inch Roll Film, Project 8-35-03-001," with three indorsements,
copies of which are inclosed.

2. The Army Field Forces indicate in the reference correspond-
ence that results of engineering tests of the subject equipment will
be acceptable without subjecting it to further service teuting, and
reounmnd that it be classified as a Class IV item for special issue.

3. In view of the above, the item has, by mutual agreement
with the Engineer Research and Development Laboratories, been deleted
from the Engineer Service Test Procurement Program for 1950 and pro-
posed action for establishment of a Service Test Project for the item
has been canceled.

4. It is proposed that classification action and termination
of Project 8-35-03-001 be initiated as soon as practicable. However,
prior to proceeding with the above action, completion and submission
of the following are required of the Engineer Research and Development
Laboratories:

a. Final report on Development Project 8-35-03-001,
Rectifying Camera.

b. Procurement specifications and/or drawings.

BY ORDER CF THE CHIE F ENGINEERS:

3 Inols D. G. HAIW
1. Subcommittee Jmo Lt. Colonel, Corps of Engineers
2. Draft of Proposed Chief, Engr Research & Development Div

ST Card Military Operations
Added:

3. Cy ltr, 16Aug 14I9, ENGII
to Ch/AJJ w/3 Inds
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ATTIC-kg 413.5(16 Avg 49) 3r Ind
Subject: Service Test of Printer, Pheotogphio, BErizental

PrOeotion, Rectifying, Tilts under 70 Degrees
9 1/2 Inch Roll 7il3, Prejedt 8-35-03-001

Office, Chief, Army Feld Forces, Fort Minree, Virginia,
20 Sep 49

TO: Chief of Engineetw, Department of the Army,
ATTN: Engineer Research and Developnent Division

1. With reference to paragraph 4 of the basic oerrespenMene,
Army Fliel Forces vill accept the results of the engineering tests
of the subject equiloent vithaut subjectiDg it to further servioe
testing.

2. At the presenu Uise there is no firm T/(a requireunt
for this Item by Al? units. It is reoouaended that it be classi-
fled as a Class IV itex for special issue pending clariftotiti of
T/O&! requireent.

FOR THE CHIEF, ARMY FIElD FORCES:

/s/ Frik W. Robert
FRAIIK W, RCoIRrS
Lt Col AGD
Asst Adj Gen



ATTC-IAg 1413.5(16 Aug 49) l-t Id
Subjeot: Servioe Test of Printer, Photographic Norizmtal

Projection, Reotifying, Tilts undr 70 Degrees,
9 1/2 Inch R•oll Film, Project 8-35-03-001

Offioe, Chief of Army Field Forces, Fort Yonroe, Va., 23 Aug 49

TO: President, AFY Board No. 2, Fort M=x, Xentuoky

The basio correspondence is forwarded for your oiments and
recommendations relative to the desirability of further service test-
ing of the subject equipment by AFY.

FOR THE CHIEF, AWRM FIXID FORCE:

/s/ Neil M. Nbtzger
NEIL K. MA7YZGR
Lt. Col AG
Asst AdJ Gen

AXE =413.53 (16 Aug 149) 2nd Ind
Subject: Service Tes' of Printer, Photographic Horizontal

Projection, Rectifyin, Tilts under 70 Degrees,
9 1/2 Inch Roll Film, Project 8-35-03-001

Army Field Forces, Board No. 2, Fort Knox, Kentucky,
8 Sep 49

TO: Chief, Army Field Forces, Fort Monroe, Virginia
ATTN: Assistant Chief for Developments

Subject equipment is of such a nature that thorough engineer-
ing tests fulfill the requirements of field tests. After conference
with personnel of the Engineer Research and Development laboratories
this board believes that their engineering test should be accepted
and that no service tests should be undertaken by Army Field Forces.

FOR THE PREIDENT:

/s/ S. G. Brown, Jr.
S. G. BROWN, JR.
Lt Col, Cay
Executive
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NGR, 16 Avgut 040

SMUECT: Service Test of Printer, Photographic Nizental
Projection., Rectifying., Tilts under 70 Degrees.,
9J Inch Roll Film, Project 8-35-03-001

TO: Chief, Army Field Forces
Fort Movroe, Virginia

1. Reference is made to 8th Indorsement, dated 2 )broh 19499,
file ATTEC-Eng 413.53 (25 oct 48), frcm the Chief, Army Field Forces
to Chief of Mngineers, above subject, requesting that yewr office be
notified when a model of the subject printer beoces available for
service tests.

2. The subject item of equipment has undergone oimplete ao A
thorough engineering tests at the Engineer Research and Development
Laboratories and meets the requirements of the military chaoacteris-
tics except that the lens is not fungi-proofed. At the present there
is no satisfactory method for treating lenses of the type used in this
instrument for permanent resistance to attach by fungi. In addition
to the military characteristics stated on Project Card No. 8-35-03-001,
the subject printer vill also meet the present general requirements for
operation and storage under extreme temperatures and for radio suppres-
sion.

3. It is the opinion of this office that standardization of this
equipment could proceed without further extended tests by the Army
Field Forces. It is believed that it should be classified as a Class
IV item for special issue if the requirements for ismie to all topo-
graphic units are not firm at this time.

4. Confirmation of the desire of Army Field Forces to service
test the subject rectifying printer in view of the above coments is
requested.

FOR THE CHIE F ENGIRMS:

D. G. HAOND
Lt. Colonel, Corps of Engineers
Acting Chief, Engr Res & Dev Div
Military Operations
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Information requirei for classification of a new item of
equipment in given belom:

1. A noved Wfltary Characteristise. The approved dilitary
characteristics for the Printer, Photographio, Horizontal Projeotimo,
Rectifying are as followa:

a. Me rectifier shall be capable of rectifying 9 inch
by 9 inch aerial photography of approximately 6-inch focal length
with tilts up to 700 from the vertical.

b. The rectifier shall be capable of reotifying 9 inch
by 9 inch aerial photography of approximtely 12-inch focal length
with tilts up to 300 from the vertical.

o0 The accuracy of the rectifier shall be such that the
rectified prints produced therewith will be of sufficient accuracy
for photograesmtric purposes.

d. The rectifier shall have a mgnification range of at
least 0.9 to 1.1 when rectifying photography of high tilts and a
magnification rans. of from 0.6 to 2.5 when rectifying photography
with tilts up to 200.

e. The rectifier shall be of a type and size as small
as possible to be consistent with good design. Weight of the instru-
ment shall be held to a minimm consistent with the functions required.

f. The instrument shall be of all metal rigid oonstruo-
tion.

g. The rectifier shall have interchangeable lenses, one
of which shall be of approximtoly 4-inch focal length and suitable
for rectifying the 9 inch by 9 inch six-inch photography with high
tilts. The other lens shall be of approximately 8-inch focal length
and suitable for use in rectifying the 9 Inch by 9 inch, twelve-inch
focal length photography and the six-inch photography of low tilts.

h. The rectifier shall be equipped with suitable scales
by means of which the rectifier may be set to predetermined data
and these scales shall be such that the computations necessary for
determining their settings are reduced to a aizimum. Aids to the
determinations of settings where computation is necessary., such as
nomograms, charts or curves will be furnished with the instrument.

i. The easel shall be of the vacuum frame type and no
larger than necessary to acoajmodate the rectifications and/or



enla wg ts speoifie above.

j. The light aoumce shall be of standard flm.enent
tubes.

k. Me rectifier shall bIe s oozstiruo that easy ac-
cess my be bad to the mptive st~ep vithout limmuttlin sa pert
of the instrament, for the purpose of chaging and orientive mna-
tives.

1. The rectifier shall take both roll a&P out fila.

R 7he deeSIn and cOQetrUotien of the instrment shall
be as simple as possible oew lstent with the requiremate.

n. The construction shall contain a mlm of strato-
gio and critical materials consistent with the funtime required.

o. Adequate instructions far uassue3b, operation and
maintenance shall be furnished with the instrument.

p. The rectifier shall be so design" that it can be
dismantled in sectiow for packing in 2 or 3 carrying chests.

2. Dimensions axA Weight. Dimensions and veight of the com-
plete Printer, Photographic, Horizontal Projection, Rectifying with
oases are as followss

a. Dimensions.

1. Chest No. -- ft 4" x 3 ft 2" x ft"
2. Chest No. 2 -3 ft 3"x 2 ft 2"x 2 ft 0"

b. Weight 590 pounds.

R. e Unit. EstimteA cost of produo-
tion of one oe t Printer, Phategphic, Horizontal Projection,
Rectifying, $8000.00.

4.* Cost in &uazntity PrM4uotion. Kstimated cost of the
Printer, Photographic, Horizontal Projection, Rectifying, in quan-
t~ty production of 10 or more is $5500.00 per unit.

5. Production Data. It is estimated that an established
manufaoturer suoh as the busoh and Lomb Optical C•pW could
initiate production of the Printer, Ptotogrphic, Horizontal Pro-
jection, Rectifying in 60 days and could praduce 10 cmplete units
in the next 6 months thereafter.
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6. Overseas Use. The Printer, Photogaphic, Horizontal Pro-
jeotion, Reetifing is satisfactory from a development point of
view for use overseas.

77. Standare•ration and terchengeability of Parts. The de-
sig of the Printer, Photographic, Horizontal Projection, Rectifying
does accomplish the objectives of maximm standardization and inter-
changeability of parts.

8. Spare Parts List. The following is a list of firet echelon
spare parts for the Printer, Photographic, o•aizontal Projection,
Rectifying:

Item Quantity

Stage Plate 1
Pressure Plate 1
Fluorescent Tubes, 12 inch, 8-watt (T-5) 14
Neon Glow Lamps, NE 45, &W. (T-4 j Cand. Screw Base) 9
Neon Glow Lamps, NE 30, 1W. (3. 10 Mod Screw Base) 1
Starters, FS-5, for 8-watt, 12-inch fluorescent tubes 6
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1b, (00k) AW

Ues. aerial pbatogmpbh. in the oeasmtrtim of planzimtrio
and topomra• p p•, aermutioal obarts, and o tl ani unom-

Hikes mthematioal oamputatios. In ommotion with the
oonstrotioa of table, and gaphs to caract oaloalatIomi for dis-
tortiom in phto*gphx and stereographlo d0 plao-it. 1ins tructs
controel boarda upon which mosiio are assambi an Wonk plasm.trio
ups for use in iow~truoting topogaphio maps with stereocinparapaph.

Mot be familiar with conventionl sigam an symbols used
in militarl mlpig. Ability to interpret aerial photogmphs
essential.

Must be experienoed in topogrphic drafting.
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]o. (got) xIRM = A A UCH IAJ
P

Perfww a aripty of tanks in com ction 'ith Photo-
graphic processing in a . 'litary potogrphic lAbracty.

Prepares azVA miX photographic solutiom, fol1mong WrO-
scribed. forxlml. DeAelops film by inwraing tho far prescribed.
periods at specified. temeratures in prppiret chemical solutions.
MNkes contact and. projection prints by iens of printing mchine,
placing sensitized paper over negtive are exposing the prints to
electric light, rpmvm s prints from mchine, develops them in chemi-
cal solutions, and dries them. In Arny Air Force, assombles unoon-
trolled xosaic strips, umkes reproduction photographs by use of
standard copy cameras or other grount cmras and equipment.

May spot or retouch photographic prints and negatives,
using retouching fluid, knives, and pencils.

At supervisory level, is responsible far control and co-
ordination of labgratory personnel and equilmunt.

Must be thoroughly familiar with photographic laboratory
equipment such as film developers, film driers, and print driers.
%lst be familiar with various types of sensitLze& m~terials, print
washers, and other chemicals used in c,nnectio with photographic
work.
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ENGINE RESEARCH AND DEVLOPMUENT UAORATORIES
"anoum IMPLY TO THE ENGINEER CENTER AND FORT BELVOIR

ommUAuMI oan"M" PON UNLVoIN, VA.
IM4uoqa RUM"ANmD "£IL S6VOrWlr IAWSVIIS' ,

rT ULVOIS. VLA

1 JUN 1M50
to REPLY TUEO AI8
own ToT 400.1 (S6-35-0-001)

SUDJUT a Transmittal af Report flel. Final Reports* Printers Pbatograques
Horisontal ProJeotion. Rsotifyings Tilts Under 700. for O-Mah
Aerial Roll FUl

THRUs OCmand General
The BMginer Center and Fort Belvoir
Fort Belvoir, Virginia

TOs Chief of bgineers
Department of the Aroy
Washington 25, D. Co
ATTOT 101 Chiefa bngineer Researoh and Developient Division

is Transmitted herewith is Report 11612 *Final Report. Printers
Photographic* Horizontal Projection. Reatifying. Tilts Under 700, for 9.
Inch Aerial Roll Film,' dated 13 Maroh 1950, which ms prepared by the
Technical Staff of the Ugineer Research and Development laboratoriese
This report covers an investigation Involving the developments testing,
and standardization of a lightweight, portable, horizontal# rectifying
projection printer, mounted in a truck or trailers for use in rectifying
9- by 9-inch. 6-inoh focal length photograpby with tilts up to 700. and
9- by 9-inch. 12-inch focal length photography with tilts up to 500 from
the vertical.

2. The report ocopoludes theta

a. The modified Bausch and Lamb rectifier conforms to the
requirensnts of the military characteristics for this dovelooaent,

be The modified Bausch and Lamb rectifier is suitable for
standardisation as adopted type, standard type. and as a Class IV item
of supply*

ao Personnel normally assigned to topographic units are capable
of operating the modified Bausoh and Lamb reotifier.
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SubJ..t Tran'mmittal at Report 1161. F7ma1 Report, Printer, hbotopab ,
Borlsmstal Projections Retifyi•go, Tilts MTer 700. for *mb
Aerial Roll 7i2a

3. The report reoomm•nds tbit

a. The modified Dauseh and Lob rectifier be stedardised a
adopted types standard types and be stooked a a Class IV itsi of supply.

b. This projeco be closed.

4. The report with its onolusioas and rmeo ti as is approved.

1. Proposed distr lst Coloe o
(in quint) 0i i

to Ept 1161L (in quad)iu

q I". _-" --- . -- .- , ", Belvoir, Va. 1 JUIN 1950

TO: C narDA. Washington 25, D. C.
3
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BUBJECT: Transmittal zf Report 1161, Final Report, Printer.,
Photographioc #orizontal Projection, Rectifying,
Tilts Under 70 , for 9J Inoh Aerial Roll Film

BNOIR (1 Jun 50) 2nd Ind

Office of the Chief of Engineers,, Wshington 25, D. C.,
14 Jun 50

TO: Comanding General, The Engineer Center, Fort Belvoir, Va.

1. The subject report and proposed distribution are
approved.

2. With reference to recommendations in paragraphs
3a and 3b of the basic letter, necessary action in connection
vith classification of the subject item and closing of
Project 8-35-03-001 will be initiated and presented at an
early date for Corps of Engineers Technical Committee action.

BY ORDER OF THE CIEF OF ENGINERB:

1 Inol D. G. HAMMC4D
I. Proposed Distr Lt. Colonel, Corps of Engineers

List Chief, Engr Research & Develepment Div
(Incl No. 2 v/d) Military Operations

TECAG #00~L / 4ýti~imd

Hq, The Engr Cen & Ft Belvoir, Ft hivoir, Va. 1_9 JUN 1950

TO: CO, E.R.D.L., Ft Bolvoir, Va.

3



Ovns at riamm

OCh, A•- R ,roh Dyiont DT (I
Ohp~ frbWj &qdzto *ralul Div (1)
Oh .NT.. omow,,o (11.1

-fttei Sool LI.Umy (2)

Ch, Allp, AW Sction (i)
Presideat, AIl Board No. 1 (2)
Presldent, A Board. No. 2 2
resent,- A7r No.President., AV Bor No. 11

CS,9 1/ )hterel, ,Dir of Instfnaticz (1)
a5,spMC Jktarlee., Dir of iee.aroh & Deilop (1)
CS, Operations, Dir of Plmm & Operatio•s (1)
Csp /s 0•p.ations, Dir of Requirmtns (i)
OG, Air Proving Ground (2)
CG, Air Proving Oround., Photo Projects 'r (i)
CO., Strategi Air Command (1)
OG, Strategic Air Coumwd eoo(zmsisae ec Boo
.Gp, Coninental Air CmumiL. (2)
CG, Air %maining Comand. (1)
OG,* AV, Photo Iab MMREFM (i)
CG, MV, Zquipont, Iabcowatz (i)

OutrMiltaryAirTransport Sorr (i)
OG, 1±. t er~ity, A-2 .inbr•a•n ()
COG, Air University, Research Section (1)

Aml Ciil lagimeering laboatories (i)
Navai Photographic Iunteryaretmtic31 Center (1)
Jidrographio Office (i)

Aest Chief of Staff, G4 (I
Asst Chief of Staff, G-3 (,i
Mj.S. Iftlitar'y Aoadezy, &Wr Detachiwut (i)
U.S. MIflitary AcadwWy, Dept of XMu Topo & Graphics (i)
AmAd Forces Staff College, Idbrarian (i)
Ae:rcutioai.0 brt Service, Idbrary Section (3)


