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On the evening ot June 17. Dr. Charles Camsell, Deputy Mlnlster.ot Mines of th~

Domin1.On ot Canada. gave an address entitled IA 4.000 Mile F11ght Ov~r l.Jort.hwestern
Canada 1n August 19351 • Dr. Camsel~ was 1n oharge of this explorationand illustrat­
ed his trip with'motion piotures describing the flight from Prinoe Rupert Island to
the Artio Ooeanand return to Edmonton.

The most satistactory result of the Rochester meetings. trom the point ot vlew
of members of our Soolety~ was the lnterest shown 1n our meeting. Several of our
members attended the Joint meeting on June 16, of the Seotion of Physics and the Seo­
tion of Geology and Geography at which not over 50 were present. At the meeting ot
the Engineering Seotion on June 17, only about 15 were present while we had abo~t 85
at our meeting. Reports ot any larger section meeting were not available.
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PHOTOGIWOiETRY IN 1936
by

Lieutenant O. S. Reading
U. S. Coast and Geodetio Survey

(Paper presented before the American Association for the Advanoement of Soienoe,
June 17, 1936)

Photogrammetry in 1936 resembles the automobile industry in 1910 or the radiO in
1920. By this is not meant that hundreds of millions of dollars are' soon to be made
in its development. Rather that heretofore it has been the work ot a few enthusiasts
and that at present there are ind10ations that photogrammetry' may shortly attain a
wide general appreoiation ot its usefulness with a resulting large expansion. Modern
airplanes with their dependable ~ngines, their weight carrying oapacity, their in­
creased cruising radius and performanoe at high altitudes have made aerial photo- '
graphs practicable anywhere. even over Mount Everest. Modern oameras. lenses, and
photographio'materials, together with present-day airplanes, have made it praotioable
to obtain in a few hours an extraordinary detailed, aoourate, permanent survey record
that, to duplioate by ground methods, would take years of work. The photographio
record requiresoone1derable offioe prooessing for the construotion of a first olass'
map but nevertheless tt represents a tremendous step forward in surveying effioiency.

For more than three centuries text books on surveying have been hailing the
planetable a8 the ideal instrument tor mapping. On thE; planetable the map is made
in the field with the earth before it as a model; the surveyor may measure the posi­
tion of as muoh detail as he finds neoessary for his particular purpose. Instead ot
depending ana notebook, he may check his survey against the earth before him until
he is reasonably sure his map satisfactorily represents the ground. The planetable.
however, has one inherent and unsurmountable weakness - its limited view trom the
side ot obJeots which must -be mapped as if Viewed from apove. This limited view
means many set ups if all objects mapped are measured. Practical considerations
usually renner necessary a la~e amount of sketohing ,from a limited number of set-ups
thereby limit1ng the amount and accuraoy of the information mapped. Very acourate.
highly detailed maps made exolusively by ground methods are qUite expensive otten
costing a hundred or even several hundred dollars per square mile. The extraordinary
development of airplanes and air photo mapping t~ansoends this limitation. Instead
of laboriously traversing and retraversing the ground tor making thous~nds upon
thousands of measurements in the field, modern aerial photographs, with comparatively
little ground work, but with a oertain ~ount of prooessing in th~ offioe give highly
detailed, aocurate, large soale maps at lower cost than the old, generalized, small
scale ones from ground surveys. '

The photographs themselves differ tpom maps in that all objeots appear as viewed
from the point of exposure ra.ther than from vertioally above as on maps. The map
maker regards photographs as a record of directions from their exposure stations.
The intersection of such directions from at least two overlapping photographs is
necessary to determine accurately the map positions of a point unless its altitude
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18 known trom sources other than a slngle photograph. '!'he map shows objects by con­
vent10nal symbols whlch are unmlstakable 1f one reters to lts symbol chart; the
photograph shows obJeots by lights and shadows whioh require 1nterpretatlon, some­
times difflcult if one is not familiar with the country. It is impracticable to show
all the lntinite detail of a good photograph by hand drawn lines on a map, but the
photograph shows a lot of insignificant detall prominently, suoh as freshly plowed
tields or shocks of grain, whlle signlfioant deteil, suoh as buildlngs, streams and
roads may be partly hiciden by trees and difficult of interpretatlon. When the areas
to be shown on a single sheet become large, the necessary reductions in scale reduce
the photographic detail until it can no longer be seen olearly•• Clear reproduction
ot the llne maps in large quantities ls muoh more simple and less expensive than that
of photographs.. It should be borne in mind, however, that the photographs are origi­
nal reoords showlng everything that sunlight reaohes while the maps show only that
whloh the more or less limlted slght and intelligence of the map maker perceived
inevitably aocentuated by his interpretation. Thus the photographs and' maps supple~

ment and improve each other. With both available, one Can stUdy them in the comfort
of an otfice and readily obtain information that would require weeks of surveying on
the ground. The maps w11l supply true distances, positions, heights, names and c.on­
ventional interpretation. The photographs help to correot any omissions, generaliza­
tions or mistakes of the cartographer. Moreover, if notes are made of the few uncer­
tainties to be settled by a rapid ground inspection, one can be sure that his in­
formation about the basic facts of the land ls complete and correctly related - a
faot not true without map and photographs, even though a thousand men were employed
to make notes and wrlte reports.

Photogrammetry in 1936 delivers a variety of products, some of which will always
be standard and some only expedients to glve limited specialized information as
promptly and as inexpensively as possible. First, there is the pair of aerial photo­
graphs under a stereoscope. If one has normal slght ln both eyes, nothing equals
suoh a combination for first-hand comprehension of the Ilay' of the land unless' it
be an expensive, elaborately constructed relief model. Second, there is the mosaic
of photographs pieced together to cover a larger area. Such a composite assists in
vlsuallzing and solving some problems for which exact scale and position are not im­
portant. Care and skill is neoessary to avoid oonsiderable discrepancies and to ob­
tain even color tone but usually mosalcs oan be made more rapidly and less expensive­
ly than line maps.

Then there are several methods by whlch perspeotive representation of the photo­
graphs can be changed to an orthOgrap~iC or vertical projection in compiling line
maps. One is continually being surpr sed with the flexibllity wlth which the photo­
graphs lend themselves to these ditfe ent methods, most of which are specialized to
meet some particular reqUirement With the greatest efficiency under limitations of
t1me and eqUipment. Th~s, in the Tennessee Valley, property maps of the reservoir
sites were made by measuring the elevations of the property corners and an Occasion­
al distance upon the ground. The scale and perspect1ve corrections to the photo­
graphs were then computed With specially prepared slide rules and lald off on en­
largements which had been printed to a unlform datum. The corrected lines were then
traced to form the property map. nlis process was found to be about three times as
fast and one thlrd as expensive as equ1valent work wlth the transit and tape upon the
groWld.

Most of the planimetric maps (maps without contours) are made in this country by
what is called the radial line method. The trace of the ray from the lens to the ob­
Ject to be located 1s shown on the photograph as a line radiating from its principal
point (intersection of the lens axis With the photograph). The intersection of the
lines radiating from the centers of two or more photographs of the object gives 1ts
map position free from appreciable perspective displacements, provided that the exis
of the camera did not deViate more than a degree or so from the vertical as the
photographs were taken. Expert photographic pilots and photographers can usually ob­
tain photographs sufficiently good for this method.
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More satisfactory are the various machines constructed in Europe for solving
mechanically and optically the intersections of rays and for automatically tracing
the map. These machines cost from thirty to seventy thousand dollars and, therefore,
a large capital outlay is reqUired. In the past two years, the Zeiss Company has de­
veloped a Multiplex Projector which costs only about seven thousand dollars delivered
in this country. This machine does satisf~tory work on contour intervals ot ten
feet or more. Five such machines are already at work in the United States, three .. at
Wright Field, one in Chattanooga and one in Syracuse. The Fairchild Aerial Survey
Corpore.t1on has at Los Angeles a Zeiss Stereoplanigraph, one of the largest and most
accurate plotting machines. There are three Hugershoff Aerocartographs, an inte~

mediate type of plotting machine, one in Los Angeles, one at Wright Field and one be­
longing to the Geological Survey. Very recently Lieutenant Talley at Wright Field
has devised a much simpler stereoplotting "gadget- which is capable of 'tracing con­
tours directly from the photographs and is much less expensive than any of the plot­
tins machines. The contours so traced reqUire correction for the scale v~riatlon due
to different heights but this Can be done by several practicable methods. This Igad­
get II , as he calls it, should be very useful where there is not sufficlent work ,to
justify one of the more e;<pensive I!18.chines, whose product does not reqUire ,such oor­
rection.

No stereoplotting machines whose work do not require later correction are
built in the United States B.t this time, but Mr. O. M. Miller of the American Geo­
graphical Society With the COllaboration of the Mann Instrument Company is preparing
designs for one. Mr. Miller's machine is to use the same principle of ~iewing a
small spot of light as a wandering mark which is attached directly to the tracing
point as he uses in his single eyepiece oplique plotter. The small spot of light
is viewed with a telescope through a pin hole in a reflecting surface, appearing aa a
spot of light on the reflected image. By this direct view, all lost motion betwe~n

the tracing point B.nd the wanderlngmark is eliminated giving a theoretical advantage
over existing plotting machines constructed in Europe. It is hoped that Mr. Miller
may construct a machine according to his designs shortly and that it will realize all
its theoretical advantages.

As to cameras, the Fairchild Aerial Camera Corporation is the only oompany ao­
tively manufacturing and selling aerial cameras intended for mapping in the United
States. They manufacture a large variety o,f film cameras noted for reliable auto..
matic operation and interchangeability of parts. They built a five-lens camera to
specifications of the Army Air Corps which takes a strip four times as Wide as a
single lens. A tandem five-lens has also been (,ievised. This instrument takes an
octagonal field 143 degrees acrQSs. Recently they have bUilt a nine-lens camera ao­
cording to U. S. Coast and Geodetic Survey specifications which it i'8 hoped will·im­
prove considerably the efficiency of mapping from the air.

During the past year or two, the Bausch a.nd Lomb Optical Company hlis made 'Aero­
stigmata lenses with apertures of F 4.5 and F 6 which compare very favorably' With
lenses of the same type made in Europe. Reoently they have also made a lens whiOh
satisfactorily covers a field of 80 degrees at a stop of F 11. During the last few
years the Eastman Kodak Company has reduced the shrinkage of its film base for topo­
graphic mappltlg from nearly one percent to 8.bout one-tenth of one peroent and greatly
increased the speed of its fine grained panchromatic emulsions. A new Zeiss si'ngle
lens c~nera is reported to have a field of 90 degrees, if the emulsion used has suf­
ficient latitude to record satisfaotorily an exposure at the edges one ·tenth as
strong as at the center of its field. Dr. I. C. Gardner of. t'he U. S'.' Bureau of
Standards has recently been granted a patent on a new Wide angle lens. This lens 1s
to avoid the-extreme range of light intensity and attain an even wider field by in­
troducing negative distortion which is later to be removed by reprojection through a
similar lens. All these items in'dicate that the developmel;lt of photog:rammetry will
advance as rapidly in the future as it has in the past.

Toward the end of 1934 the American Society of Photogrammetry was organized 1n
Washington and now has a membership of about 450. Last year Colonel N. H. Blee, our
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President tor 1936. was chairman of a committee which drew up standard specifica­
tions for aerial photographs. These will shortly be adopted and promulgated as
standard specifications or the Federal Government. The Society publishes quarterly
'News Notes' which describe all important developments in photogrammetry and expects
at the end or this year to publish "Transactions", containing the most important pa­
pers of the last two years. The American Society is one of the nineteen members of
the International Society of Photogrammetry which holds meetings every four years,
the next in Rome in 1938. This year the American Society is sponsoring or conduct­
ing studies on the amount of ground control needed for standard accuracy in photo
mapping, investigating dimensional changes in photographic materials, lens and shut­
ter distortions, and the practicability and advantages of a National Library of
Photographs of the whole country.

Although air photo mapping heretofore has been the hobby of a few enthusiasts,
it now appears that it may shortly attain a Wider appreciation of its usefulness.
Over 300,000 square miles will De photographed this year in the United States, the
large majority of this amount primarily for soil conservation studies. Table I
shows a list of the purchasers and users of the photogra.phs of the Sta.te of Con­
neoticut taken by the Fairchild Aerial Surveys in the spring of 1935.

TABLE I
Partial List of Purchasers and Uses

of Aerial Photographs of the State of Connecticut
1. State Planning Board - Entire State.
2. State Highway Department - Entire State.
3. State Agricultural Department - Land Use Maps.
4. State Board of Fisheries and Game - Game Preserve Studies.
5. State Department of Forestry - Enlargements of Forest~ and General Tree Planting.
6. State National Guard of Camp Locations for training in military use of photo-

graphs of 10caiity over Which maneuvers were held.
7. Cities and Towns - Enlargements for tax inventories and appraisal.
8. Cities and Towns - Base for property index maps.
9. Utility Companies, Water, Electric and Telephone - For detailed information about

areas served by them.
10. Local Engineers - For planning and selling local surveys; determining acreages.
11. IndividUals for interest in photographs of their property and its surroundings,

especially in connection with improvement of their property and adjustment of
boundary disputes.

12.. Local Hunt Clubs - Photo maps of their areaS.
13. Lawyers - To assist in various legal disputes on property boundaries and damages.
14. U. S. Geological Survey - For reVision of quadrangle maps.
15. U. S. Department of Agriculture - In connection With land acqUisition.
16. Relief Administration - Studies of watershed areas, stream pollution, rural

electrification, industrial census.
17. Schools and Colleges - For courses in physical geography and surveying.

This table indicates something of the value to the whole country of a comp1ete
set of photographs made readily available to all at the reasonable costs of a whole­
sale job.

As a result of tax equalization surveys made With the aid of aerial photographs
by the Municipal Service Company of some fourteen towns in Connecticut, the tax rate
was decreased an average of 29% and the grand list increased an average of 47%.
Such results may well mean the difference between bankruptcy and solvency to many
oities in this country.

One has' but to look at a few good aerial photographs taken on scales SUitable
to the area they portray to appreciate that no other means can compare With them for

. mapping and Visualizing facts about the land. Yet such photographs of every foot of
the United States could be made readily available 1n libraries acoes8ib~e to all for
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about ten millions if the Job were done wholesale.
Most of the overlooked opportunities, the mistakes and failures of this world,

are due to making assumptions and generalizations from hal:! truths and inaocurate
information. For nearly three quarters ot -theUil1ted "States, the be·st available
maps are but generalized oompilations of a heterogeneous "lot of poorly ooordinated
traverses, platts, reoonnaissanoe surveys and ·sketohes •. ·Very tew Amerioans ~ ac­
quainted with aoo~ate detailed large soale maps ot the type made in all the lea4~
iog countries of Europe. ". Although most of such maps were· made by expene1ve ground
methods and their land of comparable fertility sells for the same price as··ours,
these oountries have foUnd the maps excellent investments. They say they must have
such maps to aot intelligently and that only a country as rioh as the United States
could afford the waste of doing Without them. The point is that wherever large"
soale detailed maps are available, hundreds of uses· arise whioh oombined repay the
cost of such maps mani times. Eut, like first class highWays, there are few special
projects extensive and important enough by themselves alone to·justity their oosts.
Only the more advanoed nations have had the time and inteiligence to appreoiate and
secure for themseives the combined usefulness of adequate maps. We who are working
in photogrammetry in 1936 look forward to the 6.ay when any man may sit at his aesl!
and Visualize, With the aid of aoourate detailed large soale"maps and aerial photo­
graphs, any part of. this oOuntry in which he may be interested; to the day wnen he
may plan his actions precisely in aooordance With the basic facts about the lind and
move With speed and oertainty instead of being compelled to wait for expensive
speoial surveys or muddle through with generalized half truths on many of hie maps
as at. present.
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LENS REQUIRDLENTS FOR PHOTOGRAMUETRY
by

Wilbur B. Rayton
Direotor, Solentifio Eureau, Bausch and Lomb Optioal Company

(Paper Presented at American Asso&iation for Advancement of Soience Meeting}

Aerial photogra.phy seryes the single purpose of obtain1ng and conveying in­
formation. It had its origin and early development during the-World War wherein its
applioation was ot course purely military. Since the olose of the war the possi­
bilities of aerial photography in the fielo. of mapping have been Widely recognized
and the development of eqUipment such as cameras, lenses, eto. has been gUided~y.

the needs both of the military establish~ents and the surveyors.
The first aerial photographs were naturally mao.e with such ordinary h8nd

cameras as were available but it ~lmediately became apparent that such equipment
wae tar from satisfactory. In military operations planes were forced-to" tlyhigher
and higher as the effectiveness of anti-e.ircratt artillery was lmproved,and as the·
alt1tude of the flight was increased lenses of longer and longer focal" length beoame
necessary.

During the war the allied forces found it diff1cult ~o obtain lens equipment
suitable for their needs, in part because of a lack of optical glass of suitable
quality in sufficiently large pieces and in pa.rt because of special requirements as
to ilnS.ge qual1ty or lens performance that had not, prior t·o that time, been ot suf­
ficient importance to lead to suitable lens designs.

Since the war reasonably satisfactory lenses have beoome available but with the
o.evelopment of the pre.ctice of photogr~...miUetry and a better realization of its possi­
bilities, there he.s arisen the need for a lens surpassing anything yet aohieved by
the lens designer.

The me.in properties of photographic lenses in which we are interested are focal
length, relative aperture, a.ngular field of view and image quality. The, factors
that combine to determine the specificetions of a lens are the·altitude or the


