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SUMMARY

This report covers an investigation involving the development,
testing, and standardization of a lightweight, portable, herizontal,
rectifying projeotion printer, mounted in a truck or trailer, for use
in reotifying 9- by 9-inch, 6-inch fecal length photegraphy with
tilts up to 70°, and 9- by 9-inch, 12-inch fecal length photography
with tilts up to 30° from the vertical.

The report concludes that the modified Bausch and Lemd recti-
fier oconforms to the requirements of the military characteristics fer
this development. The instrument is suitable for standardization as
adopted type, standard type, and as a Class IV item of supply. Per~
sonnel normally assigned to topographic units are capable of operate-
ing the modified Bausch and Lemb rectifier.

The report recommends that:the modified Bausch and Leomd recti-
fier be standardized as adopted type, standard type, and be stecked
as a Class IV item of supply, and that this project be closed.




FINAL REPORT
PRINTER, PHOTOGRAPHIC, HORIZONTAL PROJECTION, RECTIFYING,
TILTS UNDER 70°, FOR &-MAIRIAL ROLL FIIM

I. INTRODUCTION

1. Subject. This report covers an investigation invelving
the development, testing, and standardization of a lightweight,
portable, horizontal, rectifying projection printer mounted in a
truck or trailer, for use in reotify 9~ by 9-inch, 6-inch focal
length photography with tilts up to 70°, and 9- by 9-inch, 12-inch
focal length photography with tilts up to 30° from the vertical.

2. Autherity. This work was carried out under the authority
of Projeot 8-35403-001, "Rectifying Camera." A copy of the project
card for this development (RDB Form 1A) is ocontained in Appendix A
to this report.

3. Previous Investigations. During the last war (late 1942 --
early 19437, there developed an urgent requirement for rectification
equipment to handle cambat photography furnished (by the Air Force)
in lieu of, or to supplement mapping photography. At that time, the
only instrument available for rectification of tilted photography
was one which had been manufactured dy the Fairchild Aerial Surveys,
Incorporated, for thelr own use. Several of these instruments were
procured as a stop-gap measure. Iater, after reports of deficiencies
were received from the field, specifications incorporating certain
modifications were prepared, and additional models of the improved
type were proocured from Photogrammetric Instruments Corporation,
Pagadena, California, a subsidiary of the Fairchild Aerial Surveys,
Incorporated. This instrument ESN. 18-5730.500-500 accommodated
only a limited range of tilts (approximately 22° for 6-inch focal
length photography and 35° for 12-inch focal length photegraphy) and
wvas found to be unsuitable for quantity production of controlled mo-
salos.

About the same time, an investigation was initiated by the
ERDL for developing methods and equipment that would use trili-metrogon
aerial photography te maximum advantage doth in the compilation of
original aeronautical charts and strategic maps, and in the revision
of all types of maps and charts.

_ In prosecuting 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 reotifier, oconstructed at the ERDL, was designed to rectify as a
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minimm the fo’lowing types of photography: 9- by 9-inoh, 6-inch
focal -length tri-metrogon obliques, with tilts up te 70%; and 9-
by 18-inch, 2h-inch focal length ghotogruph: of the tri-K-18 camera
installation, with tilts up to 42°., In addition, the instrument was
to be capable of reductions or enlargements ranging from 0.9 te 1.l
diameters, at the various angles of rectification. The investiga-

tion of this instrument is covered in ERDL Report, Ractigl_i_.gg Projec-
tion Camera Constructed at the Engineer Board, 17 December 1943,
Teats were also conducted utilizing the rectified tri-

metrogon photography. These, which indicated that this procedure
had considerable merit and advantages over the standard procedure

being used, are covered in ERDL Report 830, Military mmhg from
Aerial Photography Using Rectified Photegraphs, 17 June

Tri-Met.
ToW%,

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 instrument capable
of rectifying (1) near vertical photography for mosaic campilation,
(2) the eplit vertiocal 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-
teristios 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, Persomnel. The development work on this project was ac-
complished by John T. Pennington, and the inspection and tests by
Frank A. McFarland, Photogrammetric Branch. All work was under the
supervision of William C., Cude, Chief, Topographic Engineering De-

partment.,

II, INVESTIGATION

5. General. The representatives of several firms were con~
tacted and regquested to submit bdbids for the development and construc-
tion of an experimental model instrument which would conform with
the approved military characteristics. Development centracts were
awarded to the Rutherford Machinery Company of Rutherford, New
Jersey, the Aero Service Corporation of Philadelphia, and the Bausch
and ILomb Optical Company of Rochester. This development was carried
on during the war years; therefore, dbecause of the demend for accom-
rlishing work of higher priority, and because of the lack of mater-
lals, and the shortage of persommel, progress was extremely slow.

As a result, the Rutherford Machinery Company contract was finally
cancelled; also, the Aero Service Corporation and the Bausch and
Lomb Optical Company were unable to make deliveries of thelr finished
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Fig. 1. Experimental rettifier constructed by Aero Service
Corporation.
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instruments until October 1945 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 acoomplished by means of a purchase
order placed with Fred P. Willocox, Bethesda, Maryland. The modified
instrument was then further tested and 1s the end product that is
evaluated by this report.

6. Description of Aero Service Corporation Rectifier. Fig. 1
shows an assembled view of the lnstrument 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 360° 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 1t 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 O.l-mm vernlers. A detalled description of the component parts
follows:

a. Base. The base is an aluminum casting containing two
precisely machined inverted "V" rails cast integrally with the base.
The lens and easel carriages are translated along the tracks by
means of pinion gears that engage & 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 Carrlage. The easel is a cast alumi-
num shell 37 by 32 by 43 inches in size; 1t 1s pierced with holes
1/16 inch in diameter spaced on 5-1nch 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 1s 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 18 created dy a 3/4-hp Victor-Acme
rotary pesitive pressure blower commected to the easel frame by a
flexidle tube 3 inchees in diameter. The blower assembly alsoc con-
tains the transfoxrmers required for the operation eof the light
sauroce.

C. lens Carriage. The lens carriage is similar in de-
8ign and construction to the easel carriage; the rotatiomal, trans~
lational, and support features are identical. The framework (carri-
age) supporting the bellows rotates independently of the shaft sup-
porting the lens; 1n addition, a cross slide arrangement is pro-
vided so that the bellows will seek 1ts 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.,

4. DRNegative Carriage. The negative carriage, of cast
alumimm oonstruction, is designed so that the negative plane is
rotated about a vertical axis positioned at a distance of 1/3 the
thiockness of the stage glass in front of the negative in order to
correct for refraction in the stage glase. The negative 18 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 micrameter-type device is provided on the spool
mount fer aligning the negative with the collimating marks on the
negative stage glass. The film is flattened on the stage dy a
pressure glass which may be readily removed from the instrument if

dosired.

o, Illumination. The aluminum alloy light box is hinged
to the negative carriage so that it rotates with the negative. Four
100-watt, high-pressure mercury vapor lamps are mounted in the light
box behind a flashed opal glass diffuser. Because the mercury vapor
lampe radiate considerable heat, forced draft ventlilation 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 mmst be burned con-
tinuously when the instrument is in operation as approximately k4
minutes are required for them to reach their full intemsity, and
because they will not light while hot. Consequently, a curtain
shutter arrangement, which closes when the box is swung away fram
the negative, has been provided on the front of the light bdox to

block out transmitted 1ight.

f. Lemses. Two lenses are supplied with this instru-
ment: & Lé-inch focal length Baker Hypergon for use in rectifying
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the high oblique negatives, and a T#-inch focal length Bausch and
Lomd Protar V for near vertlcal rectification. The U¥-inch lens
was specially designed for rectification by Dr. Baker of the
Harvard Observatory, and is of symmetrical Hypergon design, nomi-
nally free of distortion. This lens is unique in that it has a
ocanted diaphragm stop, £322 aperture ratie. The 7%—1nc-h Bausch and

Lomb Protar V is a stock £:18 lens designed for wide-angle camera
applications, but may be used as a process lens.

7. Description of Bausch and lomb Optical Ceompany Reotifier.
Fig. 2 shows the Bausch and Lomb instrument set up for operatiom.
The general prinociples 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
nsarest minute of arc, while the linear scales have verniers read-
ing to the nearest 0.1 mm,

a. Base., The base of the instrument consists of twe
polished steel tubes permanently mounted in cast aluminum blocks
supported by four detachable steel tube legs, two of whlch are ad-
Justable for leveling. The lens and easel 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 Fasel Carriags. The easel 1s a cast alumi-
num shell 40 by 30 by 1 5/8 inches; it is plerced with holes 3/64
inch in {iameter spaced on about 5/8-inch centers. The easel is
connected to a deep bearing in the easel carrilage 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
slde and by a plane face roller on the other. Vacuum is supplied by
& 1/3-hp Bruers Tornado blower comnected to the easel frame by a 13-
inch flexible rubberized tube. ’

¢. lens Carriage. The lens carriage, also of cast alumi-
num construction, is supported on the tubular ways in a mamner simi-
lar to that of the easel carriage. It is designed se that the lemns
may be rotated about a vertical axis through the entrant node ef 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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Fig. 2. Experimental rectifier constructed by Bausch and
Lomb Optical Company.




d. Negative Carriage. The negative ocarriage, for the
most part of cast aluminum construction, has provision for rotating
the negative about a vertical axis which 18 positioned at a distance
1/3 the thickness of the stage glase in fromt of the nsgative plane.
The negative plane is canted manually for large motions, dut for ac-
curate settings a clamp and tangent screw is provided. The swing of
the negative is actuated dy a knurled knob that is accessidble when
the light source is swung away from the negative. Supports provided
for mounting standard aerial film spools can be adjusted to center
the spools when the negative is being aligned with the fiducial marks
on the negative stage. The film is flattened on the stage Dy a pres-
sure glass hinged to the negative carriage.

e. Illumination. The light box is fabricated of alumi-
mm alloy, and is hinged to the negative carriage so that it 1is
canted with the negative carriage but 1s not free to swing in its
own plane. The area of illumination has been made sufficlently
large to illuminate the dlagonal of a 9- by 9-inch negative as the
f£1lm is swung through 360%® in its own plane. The light source 1s a
dank of sixteen, 15-watt 18-inch fluorescent tubes placed behind a
ground glass diffuser. A toggle switch is provided for individual
oontrol 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 £:6.3, projecting
metrogon lenses of ’:@-, 5%- and 7-inch focal lengths are supplied
with this instrument, The #-inoh lens is intended for use in rec-
tifying the high obligue photography of the tri-metrogon assembly,
and the 7-inch lens is for use in rectifying photography of low
tilt, The 5%-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 T-inch lenses.
All lenses are mounted in Betax shutters.

&. Speclial Scaling Device. The Bausch and Lomb recti-
fier is equipped with a special scaling device for the express pur-
pose of simplifying the calculations necessary for setting (Fig. 3).
The short bar is rigldly connected to the shaft supporting the lens
and 1s always perpendicular to the optical axie of the lemns. The
long bar is rigidly connected 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,
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with respect to the long dar, can de read on the rotating oircle.
Where the two dars intersect, there is a pin-comnected hinge which
may de 8lid along the two bars and may de loocked so that the two
bars are perpendioular. This hinge device carries verniers, suit-
able clamps, and slow motion screwe for settinge along the two dars.
In operation, the hinge lock is released, and predetermined distances
are set on the two dars; then, the lens carriage is positianed along
the bed at the point where the two bars may de locked in & perpendi-
cular position. This automatically positions the lens along the bed
and at the same time cants the lens; also, the movable verniler at
the negative is positioned in suoh a mamner that the angle of cant
of the negative may be determined with respect to the dase reference
line, instead of referencing it to the optiocal axis.

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

8. Deficiencies of Pilot Model Rectifiers. Summarized below
are the principal defioclencies noted in the engineering tests of
both pllot model rectifiers, together with some observations on the
design and performance of each instrument. 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 Lomb model.

a. Aero Service Corporation Rectifier.

(1) The blackout provisions of the light source were
found to be unsatisfactory because of light leaks arcund 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 decause the viewlng space was blocked-off.

(3) Yo provision was made for lscking 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 L-minute
warm-up period; 1n operation, the excesslve heat radiation
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required forced draft ventilation; and the lack of comtrol of
the lights affected the uniformity of the prints.

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

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

(8) The Baker Hypergon 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
reotify photography of high tilts.

b. Bausch and Lomb Optical Company Reoctifier.

(1) The frame of the instrument was not sufficiently
rigid, and the translation of the lens and easel caused de-
flection 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 emml-
sions and the turning on of overhead lights to set the scales
for each exposure.

(4) Illumination of the fiducial marks was such
that all four fiduolal 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 5%-inch focal length lens did
not produce rectified high oblique prints that were as sharp
as those produced with the L#-inch focal length lems.

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

(8) More uniform prints were obtained with the
fiuorescent light source of the Bausch and ILemdb 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 Lomb Rectifier. While both in-
struments oonformed in gemeral to the approved military characteris-
tlce for this development, neither was entirely suitable for its in-
tended purpose. The tests indicated that the Bausch and Lomb model
was the more desirable of the two, and it was believed that with some
modifications to eliminate the deficlencies stated in par. 8, it
would be entirely adequate. To acocomplish these modifications, the
required changes were used as the basis far negotiating a Purchase
Order with Fred P. Willcox of Bethesda, Mi. As the modifications
progressed, 1t became evident that in order to make some of the
changes, the contractor was obliged to rebuild completely certain
sub-assemblies. Thus, 1t 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 welght was reduced, and a three-leg support suitable
for truck mounting was provided.

10. Description of Modified Bausch and lomb Rectifier. Fig. b
shows the modified Bausch and Lomd rectifier as delivered to the
ERDL in March 1948. The general design is clean and simple, and
tha instrument has been constructed almost entirely of light metal
alloys; the total weight has been reduced to 310 pounds. The eize
of the instrument has been reduced to & minimm, so that when
assembled for operation, it requires a floor space of only 5 dy 3&
feet, exclusive of operator space; the height has been reduced to
6 feet to permit truck mounting., The special scaling ‘device has
baen eliminated, and scales for the angular motions have been
placed in positions so that they can be read more conveniently;
i= addition, the scales have been equipped with locks and tangent
screws for precise setting. Ruby lamps (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
cheats for packing and transporting the instrument have been de-
signed and built by the ERDL. A detailled description of the com-
ponents of the rectifier follows:

a. Base. The base 18 a rigid frame fabricated from k-
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 dbolting of the legs
to the floor of the truck. The ways, or longitudinal tracks on
which the lens and easel carriasges travel, are half rounds, ground
from stainless steel stock. Two level bubbles mounted at right
angles to each other on the base, are provided to indicate the
level of the ways,

b. Easel and Easel Carriasge. The easel has not been
changed from the original instrument since the size of the original
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170-1-25

Side view of modified Bausch and Lomb rectifier.

Fig. k.
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design is required to accommodate the maximm megnification; how-
ever, the sasel carriage has been modified Dy underslinging it with
respoct to the ways in order to lower the center of vity. The
easel carriage is supported on the ways by rollers 7/8 inch in
diameter; two on ons side are "V" type, and the single roller aon
the other is plane faced. The rellers were designed with a unique
adjustment feature that permits .050-inch lateral, and ,020-inch
vertlcal adjustments. Vacuum is sgpplied the easel frame dy a
standard household vacuum cleaner.

Go Lens Carriage. The lens carriage now oonsists of a
structural aluminum tube § inches in diameter (which supports the
lens), and a fabricated, structural alumimm framework, the center
of gravity of which has been lowered in a manner similar to that of
the easel carriage. The lens carriage has deen further stabilized
Yy separation of the support rellers se that the three point centact
approzimates an equilateral triangle. To insure against any over-
turning moment of the lens carriage, lock bearings have been pro-
vided under the rollers. These bearings are mounted on epring-
loaded pivot arms so that they may be retracted for disassembly of

the instrument.

d. TNegative Carriage. The negative carriage consists
of a fabricated, structural aluminum framework positioned on its
vertical bearing by means of aligmment pins, and locked in place by
three cap screws. The negative stage glass holder is mounted on
tearings which allow it to rotate through a full 360° of arc; ocon-
trol of this motion is by hand for large adjustments, and by clamp
and tangeut screw for small precise adjustments. The design is such
that film may be easily pilaced or the stage glass or removed from
it without dismantling any part of the instrument. A ruby glow lamp
has besr placed behind each fiduclal mark to provide for ease 1n
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.

8, Illumination. The 1llumination unit has been com-=
plotely redesigned ani now consists of a light-tight, sheet aluminum
box cortainiag fourteen, 8-watt, 12-inch fluorescent tubes spaced on
7/6-inch 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 1ight box directly behind the tubes. A toggle switch is provided

1. 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-

strioted parts of the equipment.
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. 170-1-22
Fig. 5. Light box mounting and negative stage assembly,
modified Bausch and Iomb rectifier.
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for individual comtrol of each lamp so that the 1llumination reach-
ing the emasel can be balanced over the entire area of mrojection.
There is also a master switch far control of the whole bapnk., The
light box 1s mounted by a novel arrangement which allows it to re-
volve, and fit snugly into place behind the film plame regardless
of the cant or swing of the film, thus reducing light leaks to a
minimm, The design of this mechanism is such that the tubular arm
supparting the light box is supparted on a vertical axle rigidly
commected to the vertical axis of rotation of the megative carriage
(Mg. 5). This allows the light bax to be canted with the negative
assembly, and also permits the light box to be revolved away from
the negative assembly as shown in the figure. In addition, the
bearing-type comnection between the light box apd the tubular arm
vrermits rotation of the light box in i1ts own plane so that accommo-
dation 1s made far any swing of the negative.

f. lenses. The M- and 7-inch focal length, f£:6.3 pro-
Jecting metrogon lenses mreviously described are used with the modi-
fied instrument, A Wratten 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 Adjustment, Fig. 6 shows the modified Bausch
and Lomb instrument broken down into its component parts. To
assemble, the legs are flrst attached to the frame, the negative
carriage 1s positioned on its allgnment studs, the lamp box 1s se-
cured to its mount, the lens carriage 1s fitted to the horizontal
tracks, the easel and easel carrlages are assembled and placed on
the tracks, the vacuum hose is intercomnected between the easel and
vacuum pump, and finally, the lens is secured on the lens mount.

Figas. 7 and 8 show how the instrument is placed in chests
for shipment. Chest No., 1 occupies 24 cubic feet, welghts 340 pounds
vhen fully loeded, and contains the legs, the frame, the easel, and
the vacuum pump, Chest No., 2 occuples 14,1 cubic feet, weighs 250
pounds fully loaded, and contalns the remainder of the superstruc-
ture including the lamp housing, negative carriage, lens carriage,
easel carriage, projectlon lenses, and spare parts.

For truck mounting, the base of the instrument 1s bolted
to the floar of the trmck, 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 apd mounted
on the floar of the van. This disassembly can be accomplished in
about 5 minutes by two men.

AdJustment of the instrument, normally completed in the
Tactory, consists of shifting the compoment perts of the rectifier
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170-1-21
Fig. 7. Chest No. 1 packed with contents of modified Bausch
and Lomb rectifier,

170-1-19
Fig. 8. Chest No. 2 packed with contents of modified Bausch
and Lomb rectifier.
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into their true mechanical aligmment by means of adjustable bearings
to satisfy the following criterias

a. Aligmeent of Axes of Rotation. The horizontal and
vertical axes of rotation are adjusted so that when the instrument
is varied from extreme reduction to extreme magnifiocation with
either lens, the proJected image of the center of the negative is

displaced lesa than 0.020 inch.

b. Soale of Projection. The negative, lens, and easel
planes are adjus 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 T750.

12. Operation of the Modified Bausch and Lomb Rectifier. Oper-
ation of the instrument involves five separate steps, assuming the
rectifier settings have been previously ocalculated.

a. Film Negative Orientation. The film negative, either
out or roll, is oriented to the fiducial marks of the stage glass
(emulsion side down), and is secured by locking the pressure glass
into place behind 1t.

b. Scale 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.

6. Adjustment of Tllumination. The projection lights
are adjusted by turning off those not required until uniform illumi-
nation is obtainsd on the easel. After the safe filter 1s placed
over the lens, sensitized paper is fitted on the easel in proper
orientation, the lens closed, and the filter removed.

d. Exposure. 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 from
the easel, developed, fixed, washed, and allowed to dry.

13, Calculation of Settings. For precise rectification and
simltanecus sharp foous in any optical rectification apparatus,
certain geometric relationships must 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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instrument, it is necessary to caloulate the cant of the negative,
lens, and easel with respect to the line between the principal

roint of the negative and the node of the projection lens, and to
caloulate the spacings detween the negative, lens, and easel. :
These values are then set on the scales and cirocles previded. Yor-
.mmlae for the oaloulation of these settings (Fig. 11) are as follows:

smtp-%;-ain'r

‘sint, « £52 2
d-p -tp’tn

Cot (a+f) ,tan2 ZE
2 tan -

X=d (-F) + % (L4/4)
B2 eff) - (-5

7=ﬂ¢tp
c =f csc® A cso¥
d =P secc \cec?

where tan®A= M sec T = d/c

in the above formmlae

F = focal length of camera lens

f = fooal length of rectifier lens
T = ti1t of aerial photograph

M = magnification ratio

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

n' =n (sin Y + oosiootﬂ)
in which n is the nodal separation of ‘the lens.

1. A1ds to Caloulation of Settings. Ome of the military
characteristios for this development requires that aids to the
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determination of settings suoh as nomograms, charts, or ourves be
supplied with the instrument. During the course of this develop-
ment, both a set of nomograms (Figs. 12 through 19), and a circular
slide rule (Fig. 20) were developed. In addition, the possibility
of supplying a set of curves for this purpose was investigated.

- The camplete set of nomograms consists 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 remain-
ing four are exaggerated scales of portions of the four basic charts
for more acourate values of settings for tri-metrogon phetography.
Rectifier settings may be determined from the basic nomogrems for
all tilts from 0° to 90°, for f/F ratios between 0.25 and 2.5, and
for isoline magnifications from 0.3 to 3.0.

The clrcular 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 indicater; the
entire unit is held together by means of a plastic center button.
Rectifier settings may be determined from the slide rule for all
tilts from 5° to 70° and for magnifications between 0.6 and 2.5.
Construction of a rule with tilts belew 5° 1s not practical.

Curves can be plotted for each motion of the rectifier by
coamputing limiting values fram 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 ourves; otherwise, an infinite mmber of curves must be

supplied.

Camparison of the nomograms and slide rule indicate that
thelr speeds of operation are about equal, that is, approximately
nine ocomplete computations per hour. Accuracles are conslderably
better with the nomograms than with the slide rule: 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 mimutes and the average linear
error, 2.3 nm. '

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 purposges.

15. Engineering Teste and Results. Descriptions of the engl-
neering tests conducted at the ERDL to determine the conformance of
the instrument with the military characteristics and its sultability
for service test follow:




AR L

N SRS

Fig. 12,

R Y & BTORS L0
oo LOS™ @ MR S
LoTAT O aBmaL Suvesma

AP MRE @ MY @ G

X% T Y

i o=

.Tl 1 uru

LR
It

I{ z IV ll'lllllll"l‘

v

Romogram for determination of wvalues of
for settings on modified Bausch and Lomb rectifier.

ad

esEw wus @ § wm nar o L D W0 B

IR st @ ) I W ND S MRS Ay

tp and t,




Tt
T % 3

L M M WL M
.8 1

I'I'l'&

Fig. 13.

i

”rl..'rv Ty

7
’
’
,
V4
V4
rd
7/
Ve
’
7

e s

, ’

7/ | 4

r
E- ouw

L
NOMONAE U FUR VALLE OF ). i

o8t @ BN ANES AT TER -
\— cnor

1]
3

7/
’
// w
/
7 [
7/
7
4 ™
7/
/
/7 v
/7 [ 4
/ r
Vd [
7 [
/, e
// L 4
Ve
// L
7/
Ve
Ve
P
oae
ned
am
nag
o0
e TAY OF ADRL PHOTOSRA.
PR RY T YV e ™ e
$rnr oF e o NG WMMWE 4D TR ooy —
@Petonty MON WEDSMS ¥ Rt & TR LDW.
ant Yeunse

Nomogram for determination of value of o ¢/
for settings on modified Bausch and Lomb rectifier.

PR P Y Y P




RECTIFICATION NOMOGRAM g’

A
wr-e8 -]
|
M o
—30
- 28 I
o
L w —
8 ;
r i
t—20 |
b s wes
o |
- w —|
J
L s J
r s
- w — i
b . —_
- — i
N = o
~< |
~ -
2 - ]
~ -
; ~ — 4
~
F ~ = w —
} e 4
? N oo ]
r S 4 =
! ~ = B
i ~ = -3
s \\ e — -3
~ — -
i ~ = -3
EQRMULAE = E
- 08 o 00— _3
MeMAGNFICATION ~ - 3
LeTIT OF AERAL PHOTOSRAPM ~ o - = "% — 3
A AN AUXILIARY ANGLE S - =
ton*Aeusect S L S
P o~

QIBECTIONS COR usE

L o3 SET STRAGHT EDGE ON W AW ' FOR THER
RESPECTIVE WALUES.  AEAD X ON “)\' AXiS.

/
3

Tu’n

Fig. 14. Nomogram for determination of value of A for
settings on modified Bausch and Lomb rectifier.




!E:I ‘ L

0

888 3 g8 @

S —
£ e 8 ]
YBN\ 4 D\ ” .
th 1 ~
oo |
o m_m
L ”__._MW
u : A1
m 'y
mwm.y_._. “.w"
$
i 181}
.. '-’t-t
w.“r af
i
1]
m”m.m i mmn:

f:gj-i}i;;igg
P 8 ¢ 8§ & 3s3sdesig § % & & & 8 &8

g 22 $ 2

Romogram for determination of values of ¢ and 4
for settings on modified Bausch and Lomd rectifier.

Fig. 15,




RECTIFICATION NOMOGRAM _E’

o L
e na ] wy b
%« NASNIFISATION
WS- & s ARE WITH AEOPEET T8 THE OPTIGAL AXIS
e MASALMAL82_nax
OONMNECT VALVR OF WTH THAT @9 o, NEAD ANE o0
CONNEST VALUR OF B WITH THAT oF ¢, NEAD ANGLE ta
t,
M 18
T0 t'
____s0
Py ‘n o l
w-- B Tt o MM----- T
- 80
80
. 40
.9
40 %
F ]
]
7 Re L
. Fig. 16. Nomogram for determination of values of

for high oblique photography to be set on modified
and ILombd rectifier.

and t,
usch




[ Y ]
BECTEICATION bOMOSRAM F___
]
t re-00 @0
80 190
175-30
]
"‘E e
E [~
20
17?7
e o
30 178 ve
"
e 10 =
170 =
100—=
40 10
90—
180 -
L] _ - - =
- ==
- - - ” —
0 _--" =
s0 _ - =
- =
_ - 140
s - =
-7 COmaAAL =
’// '.o TR O ANREL FESRORRIIN. -
-7 e OB it gl ‘ =
“a o § @forpiy WD EENEE
0 :::-:--\-.-::-::-_” 20 - - 0
WPERG MUl 0 Y St & of an.
"o
. 100
20 [
10

Fig. 17. Nomogram for determination of value of & « £
for high oblique photography to be set on modified Bausch
and Loxmd rectifier.




i 3
5

3

&

8

&

[T_I_Trllll"ll1'71T11I|”l'lll‘[‘lllllllll‘rrfr"]‘

100

l

b

lllTT‘lTlikll'l‘llll

-4
[ ]
(-4

'llll

-1
-
o

Fig. 18. Nomogram for determination of value of A for
high oblique photography to be set on modified Bausch and
Lomb rectifier.

.




RECTIFICATION NOMOGRAM ‘j°

QIRECTIONS _FOR __URE L
SET STRANT EDGE AT RESPEGTIVE vALUES ov *¢°an0" X " mamx cnj
MTERSECTION WITH “P° A ro oonm“_c 4" SET STRAIGNT EDEE

AT VALUE OF "A* o, AND INTERSECTION POINT ON
“s*, READ 'c' vawu AT INTERSEGTION OF STRAGHT €06L 4

AND “C" OR "d" axes. “7

» :
- o <
87—
se* 4
\ g
\ J
{;\ 8¢
34" N\ e .
ss° 4
89 —
se* §
7 §
[ 1 -
“‘ — - 1
- d 7
-
"'l\-:
roamotat 300 .
§ o POSAL LENSTR OF RECTIFYING LENS IN MM, 4
A s AN ASKILIGRY ANGLE - FROM NONMOSRAN “C° ¥ sCANT OF RECTIFIER LENS gp .
G s OISTANGE FROM NEGATIVE TO LENS MM TP+t j
d s OIGTANGE FROM LENS TO EASEL IN MM ]
P o PIVOT LINE 4
l
o« § cosee. ¥ ooqn 81 -

d. { coste ¥ sk
NOTE ~"C" 8 “¢° ANE WEASURED ALOWG THE LINE OETWEEN THEK PRINGIPAL POINT OF
THE WEGATIVE AND TNE REAR NODAL POINT OF ThE LENS.

Fig. 19. Nomogram for determination of values of ¢ and 4
for high oblique photography to be set on modified Bausch
and ILomb rectifier.




33

—..mmm -
m.mm..u“..-m:..

Slide rule for determination of values for set-

tings on modified Bausch and ILomb rectifier.

Fig. 20.



34

a. Performance Characteristics. Routine ladbaratery .
procedures were used to cheok the performance characteristics of the
instrument.

(1) Acouracy of 60° Rectification. The rectifier
vas set wp uu'TwL—“m a?f-g'v'anle‘"e for the Ld-inoh
lens, a true perspective grid drawn at a 60° tilt was oriented
on the fiducial marks, and the projected image of the grid was
campared to its theeretiocally correct shape and dimensiaons at
an isoline ascale of 1:1. The results of this test are shown
in Fig. 21, in which the arrow indicates the directiaon,and the
mmeral the amount of error in millimeters. In general, the
error introduced by the rectification process will be leas
than the error introduced by inherent inaccuracies in determin-
ing the exact tilt angle.

(2) 1lens Distortion. The distortion in the h&- and
T-inch, focal length lenses is shown in Table I. These distors
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 image is displaced radially outward from
the center with respect to its distortion free position. The
estimated accuracy of these measurements is ¢ 0.02 mm,

Table I. Lens Distortion at Two-diameter Magnification

Distance Out from Center of Positive (mm)

Lens 0 50 100 150 200 250
Li-1inch 0.0 -0.08 -0.13 -0.18 0,00 +0.35
T -inch 0.0 +0,03 +0,03 -0.01 -0.0k4 -0.04

(3) Llens Resolution. The resolving power of the 4¥-
and 7-inch projecting metrogon lenses is shown in Teble II for
a 2-dlameter enlargement. These values were obtalned by expos-
ing, on film, resolution te.gets containing patterms of lines
spaced 2, 3, 4, 5, 6, 8, 10, 13, 16, 20, 25, 32, k0, 50, 63,
and 80 lines per nillimeter. The results indicate the mmber
of lines per millimeter resolved tangentially and radially,
the negative plane, at various angles from the center of the
field. The lenses were set at f£/11 opening for these tests.

(4) Range of Rectification. The range of rectifica-
tion of the modified instrument 1s shown in Fig., 22. In this
figure the 1soline magnification i1s plotted against the tilt;
the range required by the military characteristics is shown by
the cross hatched area.
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Table II. Radiz]l and Tangential Lens Resolutien
at Two-diameter Magnification

Angle % 100 208 300 ho®

Orientation R T R T R T R T R T

Resglution of 7-inch lens 50 50 50 50 32 32 20 20 - -
(1ines per m)

Resalution of k#-inch lems 50 50 50 50 4O L0 25 25 20 20
(1ines per mm

b. Operatiemal Characteristics. The instrument has been
operated dy pereomnel of the L, as well as by persommel of the
Army Map Service, for the rectification of near vertical, split
vertioal, and tri-metrogon photography. These Jobs includeds
(1) rectification of 79 tri-metrogon oblique negatives for the
Aeronautical Chart Service; (2) rectification of 17 tri-metrogon
oblique negatives to include T from the vertical for the Aero-
pautical Chart Service; (3) rectification of 215 tri-metrogon
obligue negatives by AMS for a shingle mosaic laydown; and
(4) reotification of mmerous split vertical and near vertical
photographs for test purposes. The operational characteristlcs
were determined from observations made during the actual production
of rectified prints rather than dy specific tests.

(1) Exposure Time. Fig. 23 indicates the approxi-
mate exposure times required for tri-metrogon obliques of
average density. For a given print, the exposure time 1s
affected by a mmber of variables such as tilt of negative,
density of negative, number of fluorescent tubese 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
obligue negative. The quality of the print is sufficient for
either small-scale map compilation or mosaic assemblies with
angles up to 70° from the plwmb, and in some cases can be used
with angles up to T75°.

(3) Rate of Production. Records of the work per-
formed with this instrument show that an operator can rectify
at least 32 prints per 8-hour day. Assuming the photography to
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be 6-inoch focal length, flewn at an altitude of 20,000 ft,
vith a tilt of 60° fraom the plumd, then a single rectified 20-
by 2k-1inch print represents a ground coverage of approximately
170 square miles, and a strip of 32 conseocutive rectified
prints represents a ground ocoverage of appreximately 1000
square miles, assuming the photographs were made such that the
verticals contained an overlap of 60 percent, and that the
rectified prints were used up to an angle of 75° from the
plumb,

¢. Road Tests. Road tests were carried out in two
phases: 150 miles over good roads at speeds ranging from 30 to 50
mph; and 150 miles over seocondary roads at aspeeds of 10 to 30 mph.
At the conolusion of each phase, the instrument was checked for
aligmment and adjustment by projecting a perspective test grid onte
the easel and comparing the image 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 fallures in
the instrument.

d. Iow- and High-temperature Storage Tests. The recti-
fier was tested for storage under extreme temperature conditions by
sublecting 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. Including the time required to reduce
the temperature of the test chamber, the instrument remained at sub-
zero temperatures for & 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 fallures at
25, and -50 F as well as at the conclusion of both high- and low-
temperature testa. There were no mechanical 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 suiteble 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, "Radlo Interference Sup-
pression of Rectifying Projection Printer," dated 26 September 1949,
prepared by the Signal Corps Engineering Laboratories, Fort Mommouth,
N. J., covers the suppression tests on this Instrument.
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f. Mildew and Fungus Resistance. Investigation of the
resistance of the rectifier to mildew and fungus growth indicates
that all parts of the instrument, except the projection lenses, are
of a material covered by Federal specifications regarding treatment
for resistance to fungus growth. At the present time, there is no
satisfactory method for treating lenses of the type used in this in-
strument for permanent resistance to attack dy fungus.

16. Dra and Specifications. A complete set of detaill
‘drawings (D 7 are currently being prepared far this equipment
at the ERDL. Corps of Engineers specification titled, "Printer,
Photographic, Horizontal Projection, Rectifying, Tilts under 70 De-
grees, for 9;- Inch Aerial Roll Film," the standard nomenclature for
this item, 18 also in the process of preparation.

ITTI. DISCUSSION

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 compli-
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 lnstrument meets
the requirements for extreme temperature conditions, and 1s satis-
factorily suppressed to meet the radlo interference suppression re-
quirement. Weight and size are sultable for air transportabllity
in any phase.

Investigation of the rectifier's resistance to mildew and
fungus 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 1s
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 from fungus
until the instrument is set up for use. When put in operation in
reglons where the lens will be attacked hy fungus and mildew, it
will de necessary to remove the lens periodically for a thorough
cleaning, an operation that should require only a few minutes,

18. Operational Aids and Training Publications. Since the
nomograms proved to be a more satisfactary aid to the calculation
of settings than did the slide rule, because they cover the complete
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range of the rectifier and provide more acocurate results, complete
sets of nomograms will be furnished with each instrument. The nomo-
grams will de printed on a heavy paper base as this medium will
satisfactorily 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 nomograms de 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
Fleld Forces indicates that the results of engineering tests will
be acceptable without subjecting the equipment to further service
testing. A copy of this correspondence 1s contained in Appendix A
to this report.

The engineering tests, to determine the sultability 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 avallabllity of the autofocus rectifying projection
printer the’ was recently developed under a different project,
especiglly for producing mosaic work from photography of lower
tilts. These production rectifications were performed by various
persomnel and, in all cases, the modified Bausch and Iomb rectifier
satisfactorily performed the function for which it was developed.

The truck tests have demonstrated that the design of the
instrument 1s 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 callibration throughout the
tests and did not require readjustment because of wear or for any
other reason.

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

a, Basis of Issue. Vertical or near vertical mapping
photography 1s normally preferred for mapping applications. Where
it is desired to rectify such photography, the autofocus rectifier
wvhen standardized, should be sultable 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 is 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 reserted to. Since the modified Bausch
and Lomb rectifier is the only equipment which will accommodate the
higher tilt photography, it is essential that this instrument bde
avallable to units when required. Consequently, it is proposed
that the instrument be classified as a Class IV item for special
1ssue. This classification is substantiated by correspondence from
Headquarters, Army Field Foroces shown in Appendix A.

b. Additional Information Required for Standardization.
Additional information required for standardirzation together with
the approved military oharaoteristics is shown in Appendix B.

21, Persomnnel. Operation of the equipment breaks down into
two categoriess (1) determination of t11t angles and rectifier
settings; and (2) printing the projected image of the negative.

The Aerial Phototopographer, MOS (OOk), should be well gqualified to
perform the first task, while the Photographic Laboratory Technician,
MOS (945), can perform the latter one. Appendix D shows a detailed
description of these Jobs.

IV, CONRCLUSIORS

22, Conclusions., It is concluded that:

a, The mod_iﬂed Bausch and Lomb rectifier conforms to
the requirements of the military characteristics for this develop-
mont,

b. The modified Bausch and Lomb rectifier is suitable
for standardization as adopted type, standard type, and as a Class
IV 1tem of supply.

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

V. RECOMMERDATIONS

23, Recommendations. It is recommended thatg

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

suapply. .
b. This project be clwsed,




Forvarded dy:

G G. b,
Chief, Photogrammetric Brano

Approved 13 March 1950 by:

Willion & .C Sl o
WILLIAM C. CUDE
Chief, Topographic Engineering
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Exhibit 1
SPOFRITY CRARSIPICALION UKCLASSIFIRD
L 3 o
RMIHEG CAMRRA
6. JASIC PIBLD Yo
Photogrammetric Map and Chart Compila-
M Chart and Geodes. tian
Office, Chief of ne ors Bngr . Res. & Dev. laboratories
Fred P. Willoox, Bethesds, Md.
. Intell. Div., M0, OCE
1 TN RN n A
ffice, Chief of ineers | 8=35-03~004
1L CIMT (] TIOR
Ammy Ground Porses (C) TS TR
28 March 1944 b T
- 8
19, 7
ITEM , 1288

ZL.50
) rectifying camera oapadle of reotifying aerial
photography with tilts up to 70 degrees fram the vertiocal is required to sllow
maximum utilisation of tri-metrogon photography for reconnsissance mapping,
ocharting and mosaic work. This development may result in a reotifier of such
marked superiority over existing items that ommplete replacement would be
Justified,

a. REFERENCES:

(1) Letter from the President, the Engineer Board to the Chief of Engineers
dated 14 Jan 1944, Subjeot, “Transmittal of Bngineer Board Report on
Rectifying Projection Camers construoted at the Engineer Board®, with
3 inclosures and 5 indorsements.

b. OBJECTIVE:

(1) Development of & rectifying camers in whioh is incorporgted the range
required for rectifying 6-inoh focal length wide angle photography with
tilts up to 70 degrees fram the vertioal amd for reotifying 12 ineh fo
length photography with tilts up to 30 degrees.

o. MILITARY CHARACTERISIICS:

(1) The reotifier shall be capable of rectifying 9 inch by 9 inch serial
photography of spproximately 6-inch focal length with tilts up o 70°
from the vertiecal.

{(2) The reotifier shall be capable of rectifying 9 inch by 9 inch aerial
photography of appraximately 12-inch fooal length with tilts up to
30° from the vertioal. ]

(3) The accuracy of the rectifier shall be such that the reotified prints

produced therewith will be of sufficient acouracy for photogrammetri
urposes .

(4) 7The reotifier shall have a magnification range of at least 0.9 to 1.1
when rectifying photography of high tilts and a magnification range
of from 0.6 to 2.5 when reotifying photography with tilts up to 20°,

(6) The rectifier shall be of a type and size as small as possible to be
oconsistent with good design. Weight of the instrument shall be held
to a minimum consistent with the funotions required.

8. JIND L3 1IceR L . &

JIUB PORN 15, § APR 1047 oD~
S8CENLLY CL438IPICAPION UNCLASSIFIBD




+ MILITARY CEARACTERISTIOS (Comtimmed):

{(6) The inmstrument sball de of all metal rigid comstrustion.

(7) The rectifier shall iave interchangeable lemses, one of whioh shall de
of approximately 4§-inch fooal length and suitable for restifying the
9 ineh by 9 inch six-insh photogrephy with high tilés. The other lens
shall be of appromimetely 8-inoch foocal length and suitable for use in
reotifying the § inch by 9 inch, twelve-inoh fooal length photography
and the six-inch photography of low tilds.

The rectifier slmll de ‘equipped with suitable scalss by means of whish
the reatifier may be set to predetermined data and these soales shall
be sush thas the oomputations necesesry far deteruining their settings
are reduted %o & minimum. Alds %0 the deverminations of settings where
ocsiputation is necessary, such as nomograme, ocharts or curves will dbe
furnished with the instrument.

(9) The easel shall be of the vacuum frams type apd no larger than nec-
eseary to acocmmodate the rectifimtions and/or enlargements speoified
above.

10) The light source shall be of standard fluoresoent tubes.

11) The rectifier shall be so omstruoted that easy acosss msy be had to th
negative stage without dismmntling any part of the ipnstrument, for the
purpose of changing and orienting negatives.

12) The rectifier shall take both roll and out film.

13) The design and oonstruction of the instrument shall Ye as simple as
possidle oconsistent with the requirements.

(1¢) The oconstruction shall ocontain & minimum of strategic and oritiocal ma-
terials ccnsistent with the funoctions required.

(15) Adequate inatructions for assembly, operation end maintemance shall be
furnished with the instrument. |

{18) T™he rectifier shall be 20 designed that it can be dimmantled in uotiou
for packing in 2 or 3 ocarrying chests.

4. DISCUSSION:

(1) Referemoe a (1) transmits report on preliminary work of Enginser Board
on & rectifying camera and recammends opening development project.
Fourth indorsement from Hq., Axwy Service Foroes to Chief of Bugineers
dated 28 March 1944 approves project and military characteristiocs.

(2) Agemofes interssted in this project, in addition to the Office, Chief
of Engineers, are Army Grouxd Poroes, Department of the Alr PForce and
Hydrographie Office, Department of the Navy.

e+ FROJECT PLAN:

(1) Two pilot machines have been obtained and subjeoted to extemsive engi-
neering tests, which indicate that one, with modifications, probably
will méet military requiremants.

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

The modified pilot model will be subjected to futher enginesring tests
and then %0 service tests by interested agencies.

Plans and specifications of the final model will be prepared and recom-
sendations sudmitted to the Chief of Migineers regarding olassifiocation
of equipment action, bagis of issue and existing production faoilities.

eas-
SD0UDISY €3483271C42708 UNCLASSIFIED
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Exhibit 2

SUBJECT: Transmittal of Service Test. Card on Recotifying
Camera, Project 8-35-03-001

ENGIE (19 Apr k9) 2nd Ind

Office of the Chief of Enginsers, Washington 25, D. C.,
4 Ootober 1949

TO0: Commanding General, The Engineer Center, Fert Belvolr, Virginia

1. Reference 1s made to letter dated 16 August 1949, ERGIE to
Chief, Army ¥ield Forces, subject: "Service Test of Printer, Photo-
graphioc, Horizental Projection, Rectifying, Tilts under 70 Degrees,
9-1/2 Inch Roll Film, Project 8-35-03-001," with three indorsements,
coples of which are inoclosed.

2. The Army Field Forces indicate in the reference correspond-
ence that results of engineering tests of the subject equipment will
be acoeptadble without subjecting it to further service testing, and
recoxmend 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 anl pro-
posed action for establishment of a Service Test Project for the item

has been oanceled.

4., It is proposed that classification action and termination
of Projeot 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

Iaboratories:

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

b. Procurement specifications and/or drawings.

BY ORDER OF THE CHIEF OF ENGINEERS:

3 Inols D. G. HAMMOND
l. Subcoxmittee Memo Lt. Colonel, Corps of Engineers
2. Draft of Proposed Chief, Engr Research & Development Div
ST Card Military Operations
Added:

3. Cy ltr, 16Aug 49, ENGIE
to Ch/AFF w/3 Inds
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ATTEC-Eng 413.5(16 Aung 49) 3rd Ind

Subjeot: Service Test of Printer, Photographio, Harizemtal
PreJectien, Rectifying, Tilts under 70 Degrees
9 1/2 Inch Roll Film, Preject 8-35-03-001

0ffice, Chief, Army Field Parces, Fert Monree, Virginia,
20 Sep k9

TO: Chief of Enginsers, Department of the Army,
ATTR: FEngineer Researsh and Development Division

1. With reference to paragraph 4 of the basioc ocorrespendence,
Army Fleld Forces will accept the results of the engineering tests
of the sudbject equipment without subjecting it to further service

testing.

2., At the presen. iime there is no firm T/0&k requirement
for this item by AFF units., It is recommended that it de oclassi-
fied as a Class IV item for special issue pending olarifivatian of
T/O%E requirement.

FOR THE CHIEF, ARMY FIEID FORCES:

/8/ Framk W. Roberts
FRANK W, ROBERTS
Lt Col AGD
Asst Ad]) Gen
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ATTEC-Eng 413.5(16 Aug L49) 1st Ind
Subjects Service Test of Printer, Photographic Horizemtal
Projection, Rectifying, Tilts under 70 Degrees,
9 1/2 Inch Roll Film, Project 8-35-03-001

O0ffice, Chief of Army Field Forces, Fort Monroe, Va., 23 Aug 49
TO: President, AFF Board No. 2, Fort EKnox, Kentucky

The basic correspondence is forwarded for your cemments and
recommendations relative te the desirability of further service test-
ing of the subJect equipment Dy AFF.

FOR THE CHIEF, ARMY FIELD FORCES:

/s/ Weil M. Matzger
NEIL M. MATZGER
It. Col AGD
Asst Ad) Gen

AKCE 413.53 (16 Aug 49) ond Ind

Subject: Service Tes: of Printer, Photographic Horizontal
ProjJection, Rectifying, Tilts under 7O 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 & nature that therough 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 emgineering test should be accepted
and that no service tests should be undertaken by Army Field Forces.

FOR THE PRESIDENT:

/s/ 8. G. Brown, Jr.
S. G, BROWK, JR.
It Col, Cav
Executive
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ENGIE 16 August Y6uL9

SUBJECT: B8ervice Test of Printer, Photographic Harirental
ProjJection, Rectifying, Tilts under TO Degrees,
9% Inch Roll Film, Project 8-35-03-001

TO: Chief, Army Fileld Forces
Fort Monroe, Virginia

1, Reference is made to 8th Indorsement, dated 2 March 1949,
file ATTEC-Eng 413.53 (25 Oct 48), from the Chief, Army Field Poroces
to Chief of Engineers, above subject, requesting that your office be
notified when a medel of the subject printer beoomes available for
service tests.

2. The subject item of equipment has undergone camplete and
thorough engineering tests at the Engineer Research and Development
laboratories and meets the requirements of the military characteris-
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 fungl. In addition
to the military characteristics stated on Project Card Ne. 8-35-03-001,
the subject printer will 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
Fleld Forces., It is belleved that it should be classified as a Class
IV item for special issue if the requirements for isswe to all topo-
graphic units are not firm at this time.

4, Confirmation of the desire of Army Field Foroces to service
test the subject rectifying printer in view of the above comments is
requested.

FOR THE CHIEF OF ERGINEERS:

D. G. HAMMORD

Lt. Colonel, Corps of Engineers
Acting Chief, Fngr Res & Dev Div
Military Operations
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IAPGRMATION KBQUIRED FOR STANDARDIZATION

Information required for oclassification of a new item of
oquipment is given delow:

1. Approved Military Characteristics. The approved military
characteristios for the Printer, Photographic, Horizontal Projectiom,
Reotifying are as follows:

a, The rectifier shall be capable of rectifying 9 inch
by 9 inch aerial photography of approximately 6-inch focal length
with tilts uwp to 70° from the vertical.

d. The rectifier shall be oapable of rectifying 9 inch
Dy 9 inoh aerial photography of approximately 12-inch focal length
with tilts up to 30° from the vertiocal.

c. The acouracy of the rectifier shall be such that the
rectified prints produced therewith will be of sufficient accuracy

for photeogrammetric purposes.

d. The rectifier shall have a magnification range of at
least 0.9 to 1.l when rectifying photography of high tilts and a
magnification range of fram 0.6 to 2.5 when rectifying photography
with tilts up to 20°.

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 construc-
tion.

8. The rectifier shall have interchangeable lenses, one
of which shall be of approximately 4%-inch focal length and suitable
for rectifying the 9 inch by 9 inch six-inch photography with high
t1lts. 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 camputations necessary for
determining their settings are reduced to a minimm,., Aids to the
determinations of settings where computation 1s necessary, such as
nomograms, charts or curves will dbe furnished with the instrument.

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

J. The light source shall be of standard fluorescent
tubes.

k. The reoctifier shall bde s0 constructed that easy ac-
cess may be had to the negative stage withsut dismantling any part
of the inatrument, for the purpese of changing and arisnting nega-
tivesn.

1. The rectifier shall take bdoth rell and cut film.

m. The design and construction of the instrument shall
be as simple as poasidle ocensistent with the requirements.

n. The oconstruction shall contain a minimm of strate-
gic and oritical materials censistent with the functians required.

6. Adequate instructions for assemdly, operation and
maintenance shall dbe furnished with the instrument.

P. The rectifier shall be so designed that it can de
dismantled in sections far packing in 2 or 3 carrying chests.

2. Dimensions and Weight. Dimensions and weight of the com-
plete Printer, Photographic, Horizontal Projection, Reotifying with
cases are as followss

a. Dimensions.

l. Chest No. 1 -=5ft 4" x 3 £t 2" x 1 £t 5"
2, Chest No. 2 -- 3 ft 3"x 2 ft 2" x 2 £t O"

b. Weight 590 pounds.

3. Cost to Fabricate S Unit. Estimated ocost of produc-
tion of ane camplete Printer, ographic, Horizental Prejectien,
Rectifying, $8000.00.

Lk, Cost in Quantity Production. Estimated cost of the
Printer, Photographic, Horizental Projection, Rectifying, in quan-
tity production of 10 or more is $5500,00 per unit.

5. Production Data. It is estimated that an established
manufaoturer such as the Bausch and lLombd Optical Cempany could
initiate production of the Printer, Photographic, Herizontal Pro-
Jection, Rectifying in 60 days and could produce 10 complete unite
in the next 6 months thereafter.
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6. Overseas Use. The Printer, Photographic, Horizontal Pro-
Jeotion, Roo?ﬁim is satisfactory from a development point of
view for use overseas.

T. Standardization and Interchangeability of Parts. The de-
sign of the Printer, tographioc, Horizontal Projection, Rectifying
does accomplish the objectives of maximm standardization and inter-
changeability of parts.

8. ©Bpare Parts Iist. The following is a list of first echelon
spare parts for the Printer, Photographic, Horizontal Projection,
Rectifying:

Lbem Quantity

Stage Plate

Pressure Plate

Fluorescent Tubes, 12 inch, 8-watt (T-5)

Neon Glow Lamps, KE 45, #W. (T-k 4 Cand. Screw Base)
Neon Glow Lamps, NE 30, 1W. (3 10 Med Sorew Base)
Starters, FS-5, for 8-watt, 12-inch fluorescent tubes

]
O\ Fp
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MILITARY OCCUPATIONAL SPECIALTY
No. (0Ok) ARRIAT. PHOTOTOPOGRAPHER

Uses aerial photographs in the constructiem of planimetrio
and topographic maps, aerenautioal oharts, and contrelled and unson-

trolled mosaics.

Makes mathematioal camputations in comnectien with the
construction of tables and graphs to correct calculatisms for dis-
tortien in phetographs and stereographic displacements. Construots
ocontrel doards upen which mesaics are assembled and makes planimetric
maps for use in construoting tepegraphic maps with sterecoomparagraph.

Must be familiar with conventional signs and symbols used
in military mapping. Ability to interpret aerial photographs
esgsential.

Must be experienced in topographic drafting.




MILITARY OCCUPATIOMAL SPECIALTY
Fo. (945) PHOTOGRAPHIC LABORATORY TECHNICIAN

Performs a variety of tasks in commection with photo-
graphic processing in a military photographic labaretory.

Prepares and mixes photographic solutions, following nre-
scribed formla., Develops film by immersing them for prescribed
veriods at specified temperatures in prepared chemdcal solutioms.
Makes contact and projection mrints by means of printing machine,
placing sensitized paper over negetive and exposing the prints to
electric light, removes mrints from machine, develops them in chemi -
cal solutions, and dries them. In Army Alr Farce, assembles uncom-
trolled mosailc strips, makes reproduction photographs by use of
standard copy cameras or other ground cameras and equipment.

Mey spot or retouch photographic prints and negatives,
using retouching fluid, kmives, and pencils,

At supervisory level, is respomsible for control and co-
ordination of laboratory personnel and equipment.

Must be thoroughly familiar with photographic laboratory
equipment such as film developers, film driers, and mrint driers.
Must be familiar with yarious types of sensitized materials, mrint
washers, and other chemicals used In comnection with photographic
work,
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ENGINEER RESEARCH AND DEVELOPMENT LABORATORILS

ADDRESS REPLY TO . THE ENGINEER CENTER AND FORT BELVOIR

CoNmANBING OFFICEN _
ENGINEYR RESEARCH AND BEVELOPNENT LASORATORISS ., FORT BELVOIR, VA.

FORT BELYOIR, VA.

N REPLY
REFER YO:

1 Jun 1350

TRCRD ASI
400,1 .( 8-8_5-08-001\

SUBJECT: Transmittal of Report 1161, Pinal Report, Printer, Ma-::?.o.
Horisontal Projection, Reotifying, Tilts Under 70°, for
Aerial Roll Mla :

THRUs Commanding General
The Engineer Cemter and Fort Belvoir
Fort Belvoir, Virginia

TO: Chief of Engineers
Department of the Army
Washington 265, D. Ce.
ATTENTION: Chief, Engineer Research and Development Divisiom

l¢ Transmitted herewith is Report 1161, “Final Report, Printer,
Photographio, Horisontal Projecticn, Rectifying, Tilts Under T0°, for 9=
Inch Aerial Roll Film," dated 13 March 1960, which was prepared by the
Techniocal Staff of the Engineer Research and Development laborstoriese
This report covers an investigation involving the development, testing,
and standardization of & lightweight, portable, horisontal, rectifying
projection printer, mounted in a trusk or trailer, for use in rect
9= by 9=inoh, 6einch focal lemgth photography with tilts up to 70°, and
9= by 9-inoch, 12-inch focal lemgth photography with tilts up to 30° from
the vertical.

2¢ The report conoludes that:

&¢ The modified Bausch and Lowmb reoctifier copforms to the
requirements of the military olaracteristics for this development.

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

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




TECRD ASI .

400,1 (8-i5=-03~001)
Subjeoct: Transmittal of Report 1161, Final Report, Printer mhgt;ﬁh.
Horisomtal Projection, Reotifying, Tilts Under 70°, for S§=Inch

Aerial Roll Fila

Se¢ The report recommends that:

8¢ The modified Bausch and Lomb rectifier de standardised as
adopted type, standard type, and be stocked as & Class IV item of supply.

be This project be closed.
4+ The report with its oconclusions and recommendations is approved.

et
inl 40 .Ml’nd

Has he Znop Ciiot U ileolr, FU Belvedr, Va. 1 JUN 1950

2 Inocls O. Be
le Proposed distr list Colonel, CE
Command ing

(in quint)
2. Rpt 1161 (in quad)

TO: C off Engrz, DA, Washington 25, D. C.




SUBJECT: Transmittal >f Report 1161, Finasl Report, Printer,
Photographic, Horizontal Projection, Rectifying,
Pilts Under 70°, for 9% Inch Aerial Roll Film

ENGIE (1 Jun 50) 2nd Ind
3 office of the Chief of Engineers, Washington 25, D. C.,
14 Jun 50

T0: Commending 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
wvith 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 CHIEF OF ENGINEERS:

1 Incl D. G. HAMMOND
. l. Proposed Distr Lt. Colonel, Corps of Engineers
List . Chief, Engr Research & Develcpment Div
(Incl No. 2 w/a) Military Operations

TECAG 4f20. [ Jn./ Ind

Hq, The Engr Cen & Ft Belvoir, Ft Belvoir, Va. 19 JUN 1950

TO: CO. EQR.[)OL.' Ft EBIVOIJ‘. vao

<
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