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DRATRTATED

LCCATION OF POSITION
BY
PHOTOGRAPHIC 'T'RIANGULATION

When a contact photographic print is examined from a
distance equsl to the focal length of the taking lens, all

objects in the photograph lie in the same directlion as the

]

objects which they represent when viewed ftrom the camera loca--
tion, If an enlargsd prin: 1z used instead of a contact print,
the correct distance at which angles sre preserved in this way
is the product of the focal length of the camera lens and the

degree of enlargement; This is known as the foeal length of

the print. If a surveyor's transit were set up at this dis-

tance and focussed on the print, the angles between various
objects in the photograph could be measured exactly as though

the transit were set up at the camera location. The photo~
graphic alldade used by cartographers for analyzing serial
photographs 1s,; indeed, just such a device for translating angulsar
directions on the photograph into aszimuthal bearings on the map.
Such analysis is, of course, complicated by camera tiit and topo=
graphic relief. 1f, however, the problem is éolely cne of deter-
mining map location from phetographs of an object at ses taken

from two shore stations, the task as a whole 1s greatly simpli-

fied,

Onne fundamentally simpls method of accoqglis%}ng this
. —"o 0
purpose is being currently explored by-?&GﬂEﬁT—ﬁ*é%lﬂﬁSc*/%>
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A photograph made fr-m cne of the observation stations in

the Beavertail area is to be laid down hecrizontally on the
Bazsvertall Point map in such s position with reference to

the camsra location on the map that all objects in the photo-
graph shall lie in the proper dirsction, If two such photo=-
grephs have been taken from two different observation pciluts,
the intersection ¢f th2 two lines of sight will yisld the map

location.

Two nleces of apparatus are necessary for carrying out

this procedure: one, a cartographic tool, for relating the

photograph to the map, and the other, a specially designed
photographic enlarger for making the photogrsphlc print,
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THE CARTOGRAPHIC TOOL

The cartopraphic tool consists of a brass frame
designed to accept an 8x10" film transparency, which, in
turn, is &ccurately lcceted within this frame by the pins
A and B (Plate 1V), This frame is rigidly attached by the
rods F and G to a vertical pin €. which 1s designed to fit
accurately into any one of several ball bearings which sre
accurately centered in the map about the observation stations.
The center of the frame 1s thus held at a distance from the
observation station equal to the focel liength of the print.
The frame itself iz supported by ball bearings in the blocks
H and I, thus enabling it tc gllide smoothly over the map about
servation station C as a canter. A thrsad is sttached
to a ring £ which 1s mounted by anothervball bearing to the
pin at C, When the thread 1s drawn taut, it radistes thus
directly fiom the cbservation station. In use it 1s only
necessary to hold this thread in coincidence with some known
landmark in the photograph and swing the entire frame until
the thvead is in line with the map location of this object,
Then &ll othaor cobjects in the photograph will also be in line

with their map locations,
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THE PHOTOGRAPHIC ENLARGHR

Wnen a photographic print is laild horizontally on
2 map, only one line of the print can be lil¢cated at the
reguisite distance from the obszervation statlion, i.e. the
focal length of the print., OCnly for points on this line,
therefore, will angles be accurately preserved, If this line
is chosen as the horizon, the cartographic method described
in the preceding peragraph can be applied to points ¢ . or near
the horizon, but errors will increase as the distance from the
horizon Increases. It was accordingly decided to construct
an enlarger in which the print couvld be properly distorted te

correct for this error,

When an enlerged print is made by projection, it is
ugsually formed in a plane which is perpendicular to the axis
of the projection lens and parallel to the negative. The image
is then an undistorted reproduction of the negative. If the
imsage plane, however, is tilted with reference to this axis,
paraliel lines are transformed into cenverging lines, but they
do not remein uniformly in focus. If, however, the negative
plsne is slmilarly tilted, it is possible tc introduce such
convergence and at the same time to retain cecrrect focus through-
out the length >f the lines. Furthermoie if the focal length of
the projection lens is less than that of the taking lens, 1t is
possibia to tilt these plenes by an amount which is Just suf-
fizient to overcome the cifficuly pointed oui in the last paragraph.
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When this has bsen done, the angles subterded by all points 1in
the rhotograeph at the observation statlon are ldentical with the

erigles subtendsd by their masp locations.

Plstes 1 and 11 show the enlarger which has been constructed
with this end in view., 4An obsolete model of Leitz enlarger with
en excellent condenser and preojection lens was fortunately avail-
atle for thls purpose. The mechanical task consisted in fabricat-
ing from sheot aluminum s housing to insert between the projection
lens and the condenser. A film carrier from a Leitz projector
was so mounted in thias housing that 1t could be tiited through
any angle up to 22° by turning the knob A and tightening the knurl-
ed screw B. In order to be able to carry out this tilt either
lengthwlse or crosswise of the film, the film carrier was attached
to a plate C wnich could be rotated through 900 in the frame D
and lo:ked bty the ecrew E, 4his last adjustment was desirable in
order to be able to use the projector both for single and double
frame negatives. Although the lens cell F of the original pro-
Jector could be used intact with its diaphragm, a new sleeve G
had to be made. The limitations of space for this construction
were quite stringent in order to maintain the proper functioning

of the condenser, tu the work was swuccegssfully carried out,.

The entire projector (Plate I) had toc be very ri
mounted and capable of very preclse rotation gbout a horizontal
axis. ‘Uhis was sccomplished by making use of a heavy stand with
leveling screws which was fortunately available. Heavy pipe

sonstrvction with knurled screws was used to determine the

AENYTRICTED
SECURILY Ly OLFATIUN



spprcximate setting about vercvical and horizontal axes., ‘Lhe

leveling screws are used for the final precise adjustmentse

The 3" fccal length of the projector was ideal for use
1. connection with photczraphs made with the L" camera lens,
winich will probably be the one most frecuently used for posi-
tion location nurposes. Further construction will be necessary
if the eqguipment ies to be adapted to e shorter focal length

lens for use with photographs mede with the 2" camera lens,

A 24" print focal length was adopted for the printe
to be mads by this method, This is long enough for rather high
precision in cartographic measurements but is still withirn the
convenient dimensions of the map area to be utilized., Plate
111 1s an example of such & 24" focal length print, made from

a " camera lens negative with the present equipment.

THE PHOTCGRAPHRICALLY RECORLCING CLOCK

Yhore the object being located is in motion, means must
be availabie Tor identifying simultuceous photographis, Lie
trenely heavy and eapensive apparatus (such as tue Army balloon
theodolite) arc in sxisteace for recording time on motion pic-
ture frsmes. The usuval method is to enclosse scme form of dligital
ciock within the camera housing, end to provide illumination
anc¢ the requisite optical system to place the record on the mar-
gin of the film, The present effort hos been dirscted at con-

structing such a device @s simply as possible from reaally




avellable parts., Plate V shows the prototype model. A

telechron clock mcvement A has attached, in place of hands,

three plastic dianls on uwhich hours, minates, and seconds have

been placed photographically, A narrow slot in the plate C
expos=28 the time signaturs which 1s shown in the sample print

of Plate V. This slnt may be illuminated as desired by arti-
fic1al 1ight or by skylight, slince it 1s oriented in the sanme
direction as the camera., The vertical brass tube at the top

of the photograph contains at its lower end (G) a 20" achre-

maitic lens. The box at the top of the tube contains e beam-
splitting mirror, set at an angle of hSoe The camera, placed
directly behind this box, 1Is exposed through the beam=-splitting
mirror, thus recording simulteneously the desired operations

and the time signature. The image of the clock dials is brought
to ths collimating luns at G by the three front surface mirrors,
D, E, and F, The mlrrorc sre used in the interest of compactness,
The long focal length of the'édllimating lens 1s a necessity if
the time signature is not to occupy too large a proportionﬁszl-
the picture area. No provision i3 made in the present model

for exercising any great measure of control over the location

on the frame of the clock signature. The proposed modsel, which
uses a different cptical path, makes use of only two mirrors
instead of three, but it is hoped to give one of these mirrors

two degrees of freedom which will permit locating the signature

in the most adventageous psrt of the frame, usually in a relatively
dark foreground position. Tha definition present in the photograph
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of Plate VI cemonstrates the nigh gquality 03 the beam-
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TITLES OF PHOTOGRAPHS

Photographic Enlarger and Mount

Details of Photographic Enlarger Construction
Distortied Photograph made with Enlarger

Cartographic Tool

Photographically Recording Clock

Photograph Showing Time Signature of Photographlcally

Recording Clock
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