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PIIEFACE.

B y  A l f e e d  H. B e o o k s .

The piąte camera has been used for many years in topographic 
surveying in the United States and Canada, as well as in many 
European countries, and sińce 1910 J. W. Bagley, a topographic 
engineer of the United States Geological Survey, has been employing 
the panoramie film camera in conjunction with the piane table in 
suryeys in Alaska. Mr. Bagley has deyised some new instruments 
and methods and has proyed conclusively that the panoramie camera 
is extremely yaluable in certain kinds of topographic work. Some 
of the results of his phototopographic suryeys are presented in the 
maps accompanying this bulletin. These maps give conclusiye 
evidence of the refinements that are madę possible by the use of 
that instrument.

The methods and instruments here described haye thus far been 
used only in Alaska, but they promise to haye a wider application 
in topographic suryeys; hence this bulletin has been prepared. As 
the camera is used in conjunction with the piane table the bulletin 
includes also a brief account of the uses of the piane table.

Mr. Bagley shows clearly that the field cost of suryeys madę by 
the use of the panoramie camera and piane table is far lower than 
that of suryeys madę by the piane table alone, and though the com- 
pilation of the field data in the office is morę laborious the finał cost 
of the completed map is nevertheless lower. The methods here 
described are cspecially applicable to regions where the field season 
is short, the field cost high, and the climatic conditions adyerse to 
topographic work.

In view of the present interest in aerial suryeys, Mr. Bagley has 
appended to the volume a discussion of the use of the camera in 
such work. This discussion, which is largely based on French trea- 
tises, presents briefly the principles and some of the methods of 
photogrammetry in its application to aerial suryeys. The subject 
needs further study and experimentation.





THE USE OF THE PANORAMIC CAMERA IN 
TOPOGRAPHIC SURYEYING.

By Ja m e s  W. B a g l e y .

IN T R O D U C T IO N .

The purpose of this bulletin is to describe the field and office Instru
ments used in topographic surveys of certain parts of Alaska in which 
the ordinary plane-table instruments were supplemented by the 
panoramie camera, to show the way they were used, and to present 
some of the results obtained.

In view of the inereasing importance of photography in surveying 
and the rapid strides that are being madę in the art of navigating 
air craft it has seemed desirable to include also some notes on the 
application of photogrammetry to aerial surveys. These notes 
have been gathered chiefly from the publications of the two eminent 
Prench authors Laussedat and Saconney, whose yolumes are men- 
tioned elsewhere in the text. Though it is impracticable to treat 
this subject here in even an approximately complete manner, it is 
lioped that the matter presented will interest many to whom the 
original sources are not readily available. In acknowledging the 
credit that is due to Laussedat and Saconney, the writer wishes to 
State that though the methods they suggest seem practicable he has 
not had the opportunity to test them. It is hoped that by the 
inclusion of even so brief a summary a stimulus may be given 
to aerial surveying, either directly or by drawing attention to what 
is being done in this field in other countries.

Photographic methods have been employed in yarious forms for 
many years by suryeyors in foreign countries, but the use of the 
camera in suryeys in the United States was, until the commencement 
by the Geological Survey of the work in Alaska here discussed, 
confined to certain suryeys carried out by officers of the United 
States Coast and Geodetic Suiwey, in connection with the survey 
and location of the boundary between the United States and Canada 
by the International Boundary Commission, to a survey of the 
Pribilof Islands, and to a few other suryeys of less importance. 
The slight use of the camera in topographic suiweying in the United 
States is due largely to the character and size of our part of the 
North American Continent. The progress of settlement in extending
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1 0 USE OP PANORAMIC CAMERA IN  SURYEYING.

westward over enormous areas of timbered and prairio lands of rela- 
tively smali relief called for a development in suryeying methods 
which brought out the piane table as the most serviceable instruinent 
for the Work. As no better means were ayailable, thought and 
energy were concentrated upon adding to and improying the piane 
table. The conseąuence was that a relatiyely large body of topog- 
raphers became highly trained in this method of suryeying, so that 
when, in morę recent years, suryeys were extended farther into the 
moimtainous regions of the West not only was lit tle thought given 
to taking up other methods, but there was, in fact, little need for 
other devices, because of the skill and rapidity with which the suryeys 
could be executed by use of the piane table. This was true of a yery 
large part of the West that has been mapped. There were excep- 
tions, however, which must haye inspired the topographers with 
thoughts of improyed methods of work, for in the desert mountains 
of the Southwest and in the northem Kockies there are large areas 
of rugged and b are ranges which consist of'an almost bewildering 
number of peaks, spurs, pinnacles, saddles, and slopes—details which 
must be located on the map in order that the topography may be 
properly represented. The Grand Canyon of the Colorado is a field 
so tedious to survey with the piane table, so extensiye in length, 
in relief, and in wealth of features, that it alone, in the writer’s 
opinion, would justify the employment of the camera in its topo- 
graphic suryey.

Alaska contains a greater proportion of mountains fayorable for 
phototopographic suryeying than the United States proper, and the 
method here described was there first tried out. Most of the suryeys 
madę in Alaska have been of either exploratory or reconnaissance 
character, and travel has been accomplished almost wholly by the 
use of pack animals and boats. In all these suryeys, owing to the 
expense and limited means of transportation, it was necessary to 
reduce the camp eąuipment and supplies to that amount which 
careful-estimation and experienco proved to be needful. The great 
weight of photographic plates presented an obstaclo to the use of 
piąte cameras which, in the opinion of the writer, scarcely left a 
sufficient margin of gain to warrant their adoption for these suryeys. 
Platę cameras also carried the objection of a field of yiew so narrow 
that seyen or eight exposures were necessary to photograph the 
entire horizon.

Where extensiye suryeys are to be carried across mountains and 
yalleys account must be taken of the yariety of topographic forms 
likely to be encountered, and the method for the suryeys should be 
chosen accordingly. Of all methods in which transportation must 
be oyerland that of the piane table is most seryiceable for many 
yarieties of topography. But the panoramie camera enables the
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topographer to retain tłie piane table and at the same time to employ 
photography in its simplest and most satisfactory form, for the one 
may be used to supplement the other to W'hatever extent the type of 
comitry demands. It also appears certain that a combination of 
the two methods will form a surveying equipment superior to either 
alone if it is effected without loss to either. These are the chief 
reasons why the panoramie camera gave promise for improYcment 
in topographio surveying.

The use of the panoramie camera is not confined to surweys where 
a smali scalę is employed, but in some mountainous areas the instru
ment is adaptable to surweys on a scalę of a mile to the inch or even 
larger, and in generał the gain on the side of speed inereases as the 
scalę inereases.

In testing a new method for topographio surweying it was neces- 
sary to keep pace with the generał trend toward better ąuality in 
topographio maps. In the rosults here disoussed the writer is satis- 
fied that in control, location and representation of features, and ex- 
pression— all the essential factors—improvement has been madę. 
In attempting to reduce the results to a basis for satisfactory com- 
parison with results from other methods it has been found that 
conditions of work vary so greatly in different fields and the per- 
sonal eąuation plays so important a part in topographic suryeying 
that it was impracticable to present a completely comprehensive 
table, but Table 1 (p. 16) giyes a comparison of results obtained by 
the writer with the piane table alone and with the piane table sup- 
plemented by the panoramie camera. A large number of items haye 
been embraced in this table in order that it may, in a measure, 
permit comparisons by others who may wisli to make tbem with 
data of their own.

The expense of oąuipping topographic parties and of producing 
contoured maps is great, and much endeavor has been madę to get 
the results morę cheaply. In pursuing this object it is necessary 
to keep certain recognized standards in wiew lest unfortunate errors 
lead to a weakening of the framework of the map. Whateyer im- 
prowement may be madę in gathering the information necessary to 
map topographic forms, there will remain the necessity of control in 
base maps, and there seems to be little cliance for reduction in the 
work as now executed to obtain that control. Already some very 
noteworthy beginnings haye been madę in the use of aerial photog
raphy for topographic surweys, yet in this work, too, control must 
be established by exaot measurement on the ground in many places. 
Such considerations lead to the conclusion that though we may 
expect photography and other means to reduce the cost of topographic 
surweys and to lessen the time required for them, yet it is doubtful 
whether the processes of those surweys can be simplified.
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The writer wishes to acknowledgo the aid received from the Bureau 
of Standards, which was essential to the construction of a panoramie 
camera of the precision desired for suryeying, and especially to 
express his appreciation of the advice received from Messrs. P. G. 
Nutting and E. D. Tillyer, formerly of that bureau. Acknowledg- 
ments are also due to Mr. W. H. Boyd, of the'Geological Survey of 
Canada, for much information that led to improyements in office 
instruments; to Mr. C. H. Au, a mechanical engineer, of Washing
ton, D. C.; and to Mr. F. H. Mofht, of the United States Geological 
Survey, for miscellaneous assistance in photography.

H IS T O R Y  O F T H E  U SE  OF P H O T O G R A P H Y  IN  T O P O - 
G R A P H IC  S U R Y E Y IN G .

The value of perspectives to engineering had been recognized many 
years before the advent of the photographic camera, and when in 
1839 the facts of the discoveries that had been madę by Niepce and 
Daguerre were presented to the French Chamber of Deputies the aid 
which photography promised to bring to the construction of topo- 
graphic maps was forecast. It is noteworthy that evcn before 
Laussedat had published the results of his first experiments with cam- 
eras that had fixcd objectiyes Martens, another Frenchman, had 
devised a cylindrical camera that employed a revolying objective. 
To Laussedat, howeyer, falls the credit for the first practical work of 
adapting the camera to surveying. His work, begun in 1849 under 
the engineer corps of the French Army, was carried through many 
years of great activity. Accounts of his progress published from 
year to year established him at the head of topographic engineers in 
the use of photography. In 1901 part 1 of the second yolume of his 
treatise on instruments and methods of surveying placed much of his 
materiał on photography in conyenient form for use by others, and 
this was followed by part 2 in 1903.1

Though France led in this field it was not long before scientists 
in other European countries began to experimcnt with the camera. 
In Germany Meydenbaur was the leading spirit in adapting photo
graphic methods to engineering needs. His work consisted of devis- 
ing original methods of his own as well as of introducing those that 
had been developed in France. The interest which he and others 
aroused led to the employment of photography for a great variety of 
scientific purposes. One of the most significant developments was 
the adoption by the Prussian generał staff of photography for mili- 
tary surveys. Before 1870 a corps had been organized and trained 
in photographic methods, and it assisted in the military operations 
of the Franco-Prussian campaigns.

1 Laussedat, Aimś, Recherches sur les instruments, les methodes et ledessin topograpliiąues, Paris, Gau. 
tłiier-Villars, pt. 1,1901; pt. 2, 1903.
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The first period of activity in applying photography to engineering 
practices is characterized by the development of the piąte camera in 
connection with the theodolite. Instruments of considerable pro- 
cision resulted, and these werc mainly phototheodolites of various 
forms and arrangements. This period extends to about 1900. About 
that time E. Deyille, surveyor generał of Dominion lands, Canada, 
took up the idea of using stereoscopic photographs instead of single 
photographs. He experimented with a Wheatstone stereoscope, but 
abandoned these attempts on learning of the progress being madę in 
the same direction by C. Pulfrich in Germany. Though the idea 
seems to havo becn first presented by Deville, Pulfrich 1 worked out 
a method of stereophotogrammetry which has probably had morę 
influence in photographic engineering than all other devices sińce 
Laussedat’s announcements. Pulfrich’s method immediately en- 
gaged the attention of many engineers in Germany and Austria, with 
the result that his devices have there been elaborated and his methods 
employcd in many branches of scientific work. The stereoautograph 
of Von Orel and, morę indirectly, the optical instruments for aerial 
photography of Scheimpflug and Kammerer, in Austria, are notable 
evidences of the stimulus given to photographic engineering by 
Pulfrich.

The use of the camera in topographic mapping, though possibly 
morę highly developed in France, Germany, and Austria, has by no 
means been confined to those countries. Porro, Paganini, and others 
in Italy and Thile in Russia madę early and profitable use of pho
tography. Photographic surveys have been madę in most of the 
European countries and in several of the American countries. Accu- 
rate data as to the extent of these surveys is lacking, but the total 
area of the North American Continent that has been mapped by the 
camera probably forms a considerable percentage of the total area 
of like surveys over the entire globe. The use of the camera in sur- 
Yeying on this continent is due primarily to the efforts and influ
ence of E. Doville,2 who in 1886 began systomatic phototopographic 
surveys in western Canada. Morę than 30,000 sąuare miles of terri- 
tory has been mapped photographically by the Canadian Govern- 
ment bureaus, including the International Boundary Commission 
and the Geological Survey of Canada. The regions in Canada whero 
the camera has been used are the rugged portions of the western 
and northwestern provinces. Devilłe’s generał type of camera * 9

1 PulfriclPs method of stereophotogrammetry is described by Otto Lemberger (Stereophotographic 
surveying: Eng. News, vol. 69, pp. 602-612, 1913). The principles of this method are given in a very excel- 
lent treatise by J. A. Flemer (Phototopographic methods and instruments, New York, John Wiley & 
Sons, 1906). See also Dock, Hans, Photogrammetrie und Stereophotogrammetrie: Sammlung Goschen, 
Berlin and Leipzig, 1913. This work is profusely illustrated with views of forms of phototheodolites and 
stereoscopic instruments used to make measurements on negatives and to reduce the data to the map.

9 Deville, E., Photographic surveying, including theelements of descriptive geometry and perspective, 
Ottawa, Canada. This book is a standard publication on the subject.
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designed for use in rugged mountains, and a light theodolite, each 
of which may be mountod on a single tripod, have been employed 
in tbe Canadian surveys.

Definite information as to the progress madę with phototopo- 
grapbic suryeys in other American countries is lacking, but reports 
indicate that photographic methods have been employed in suryeys 
in the Andes and in Argentina. As most of the South American 
and Central American states contain considerable mountainous 
areas it is the writer’s opinion that photography would prove a 
yaluable aid in surveys of those countries.

In the United States phototopographic suryeys, which were com- 
menced by officers of the United States Coast and Geodetic Survey 1 
in connection with the International Boundary Commission, have 
sińce been continued until at present somewhat morę than 12,000 
sąuare miles has been so mapped. Two classes of suryeys were in- 
cluded in this work—reconnaissance suryeys on a smali scalę and 
detailed suryeys on a scalę of approximately a mile to the inch. 
The camera used is a modification of Deville’s, and it is supple- 
mented by a separate theodolite which may be set up on a common 
tripod.

A topographic survey of the island of Tutuila, Samoa, has lately 
been completed by the Hydrographic Office of the Navy Depart
ment. For these suryeys a piąte camera of Deville’s generał type 
was employed to obtain stereoscopic views, and the negatiyes were 
worked up in the office at Washington by means of a stereocom- 
parator. It is reportcd that the method gaye satisfactory results.

The panoramie camera was first employed in topographic sur- 
yeying in Alaska by C. W. W right1 2 in 1904, and he was associated 
in this work with his brother, F. E. Wright. Both were at that 
time members of the staff of the United States Geological Suryey 
engaged in geologie work in Alaska. The instruments now in use 
are developments from that beginning. The first panoramie cam- 
eras used by Mr. Wright were improvised from commercial instru
ments by fitting level bubbles and arranging internal scales which 
formed images upon the negatiyes. Although these cameras were 
not constructed primarily for the purpose of suryeying, Mr. Wright 
reports that satisfactory results were obtained with them.

In 1907 Mr. Wright had a new camera madę according to spcci- 
fications which he had drawn up, but it did not become available 
for use for that season, and soon afterward this work was interrupted

1 Flemer, J. A., Phototopographic methods and instruments: U. S. Coast and Geodetic Suryey Rept. for 
1897, pts. 1 and 2, Appendix 10, pp. 619-735, 1898.

2 Wright, C. W., The panoramie camera applied to phototopographic work: Am. Inst. Min. Eng. Trans., 
vol. 38, pp. 482-497, 1908.
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by his transfer to another field. Little was thcn done with the pano
ramie camera until the writer had an opportunity to use it, to a 
smali extent, in 1910. His experience at that time was convincing 
as to the merit of the panoramie camera, and sińce then the extent 
of its employment in Alaska surveys has steadily inereased until at 
present four instruments have been constructed for that purpose, 
so that two parties may each be eąuipped with two cameras when 
engaged in favorable fields.

With the rapid development of the airplane and dirigible ballooii 
in European countries came a corresponding deyelopment of aerial 
photography for military reconnaissances and an awakening to the 
value of aerial photographs for surveys other than those of a military 
character.1 French engineers indorse the aerial methods of photo- 
graphic suryeying as both rapid and economical, and the same 
opinions seem to be held by engineers of other countries who haye 
had the opportunity of drawing careful comparisons between tho 
yarious methods of suryeying. In the opinion of tho writer aerial 
photography will in the futurę not only have a prominent part in 
military reconnaissances in this country, but quite certainly will 
also haye a direct and important bearing on the practices of ciyil 
engineering. The notes on the application of photogrammetry to 
aerial suryeys appended to this yolume indicate procedures that may 
be useful in pursuing the deyelopment of aerial suryeying.

Available records concerning the panoramie camera fail to indicate 
that the earlier patterns were actually employed in topographic 
suryeying, althougli it is probable that the “ cylindrograplie” de- 
signed by Moessard was used to a smali extent, for it was constructed 
for that purpose. This instrument, to judge from drawings of it, 
seems to haye been well conceiyed and constructed, so that it is 
difficult to understand why it did not find morę favor among topo
graphic engineers in France. The only explanation that occurs to 
the writer for this failure to attract the attention of those interested 
in phototopographic methods is that probably when the camera was 
brought out the films available were much inferior to those pro- 
curable at the present time. Besides Moessard’s camera a very 
novel instrument, called a “ planchette photographiąue,” devised by 
Chevallier in 1858, deseryes mention. This camera recorded the 
entire horizon on a horizontal piąte, the light rays being turned at 
right angles by means of a prism. The “ perigraphe”  of Mangin is a 
similar instrument, which permits an instantaneous exposure of the 
entire horizon, the image being likewise recorded on a fiat piąte.

1 Saconney, J. T., Metrophotographie, Paris, 1913. This volume contains very complete materiał on the 
use of aerial photography in suryeying and presents it in concise and admirable form.
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C O M P A R IS O N  OF T H E  P A N O R A M IC  C A M E R A  W IT H  
O T H E R  M E T H O D S  OF S U R V E Y IN G .

P L A N E  T A B L E .

In reconnaissance surveys of mountainous regions the factor which 
ordinarily has the greatest influence upon the progress of the suryey 
is the time reąuired for travel between stations. The most striking 
feature of the panoramie camera is that it greatly reduces the time 
necessary to be spent at stations. Only about one-fourth of the 
time reąuired at stations by the plane-table method is necessary 
with the panoramie camera. The adyantage gained by this reduc- 
tion, however, is largely offset by the dead work of travel. Further- 
more, the ratę of progress is often governed morę by the speed of the 
pack train than by the time necessary to occupy stations. It is 
true that a topographer who is skillful in the use of the piane table 
can generally keep his survey abreast of the movements of his pack 
train while covering a strip of territory from 10 to 20 miles widc. 
In doing so he will commonly occupy a single station a day and 
seldom morę than two stations a day. If his ratę of progress is 4 
miles a day and the ayerage width of country he covers is 15 miles 
he must sketch from 30 to 60 sąuare miles from each station. In 
most mountains the ayerage radius of work from a station will be 
the same for the camera as for the piane table, for this limit is deter- 
mined by the amount of detail necessary for the scalę of the map, 
and the panoramie camoras supply photographs which have the 
necessary rangę. Therefore, in suryeys of this kind, as indicated 
in Table 1, the finał adyantage which is gained from the use of 
the panoramie camera comes from an inerease in the number of 
stations rather than from an inerease of area suryeyed per day, and 
the result of this inerease in stations is an improyement in the map.

In surveys of relatively smali areas on a larger scalę the time re
ąuired for traveling between stations, though of considerable amount, 
does not have so great importance as it does in reconnaissance sur
yeys, because the stations are placed closer together, and conse- 
ąuently a large number can be occupied in a working day. In sur
yeys of this class the yaluo of the panoramie camera will depend morę 
on the ayerage contents of the photographs. It is obvious that the 
usefulness of photographs inereases with the number of points that 
can be located from them, so that the moro intricate the topographic 
forms the greater will be the value of the photographs. In contrast 
to the resulting gain in reconnaissance suryeys the value of the method 
in suryeys on the larger scalę is in an inereased output. The extent 
of this inerease, compared with plane-table suryeying, will depend on 
the oharacter of the mountains and the scalę of the map. The 
largest scalę of suryeys in which the panoramie camera has been
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Eagle ftiver............ 1909-1910 1:48,000 50 2,000 to 1 topographer, 1 tra- 85 190 189 410 91 86 2.09 2.21 $33.53 $70.00 $15 25 2.04 Piane table.
5.000. verseman, 2 record- 

ers, 1 pac ker (30 
days), 1 cook.

Port Valdez.............  1911-1912 1: 48,000 50 3,000 to 1 topographer, 1 tra- 12 320 127 135 50 148 0.40 2.10 13.97 89.40 4.81 1.04 Panoramie camera
0,000. verseman (35 days), and piane table.

2 recorders (1 for 35 
days), 1 cook.

MóosePass................  1911 1: 48,000 50 3,000 to 1 topographer, 1 re- 30 S6 46 47 19 36 4.53 2.39 18.56 S4.00 11.92 1.46 Po.
4.000. corder, 1 packer, 1 

cook.

Tamma................... 1‘>0S X: 180,000 200 1,000 to .......do............................ 00 1,725 79 ............ 29 36 59.48 47.92 3.15 187.75 .752 35.2 Piane table.
2,500.

Bonnifield.............. 1910 1:180,000 200 2,000 to 1 topographer, 1 re- 25 2,870 78 ............ 53 56 54.15 61.25 2.46 133.30 . 732 ............  Piane table (pano-
9.000. corder, 2 packers, 1 ramie camera

cook. used to smali ex-
tent).

Broad Pass............. 1913 1: 180,000 200 2,000 to 1 topographer, 1 oho- 16 2,500 50 ............ 24 101 105.0 24.75 3.28 344.20 . 696 37.8 Panoramie camera
4.000. tographer, 1 recoraer, and piano table.

2 packers, 1 cook.
Nelchina-Susitna... j 1914 j 1: 180,000 | 200 .. .d o ............... do............................  65 4,600 j 104 ............  65 214 70.77 | 21.5 1-54 109.20 .678 30.3 Po.
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used was 1: 48,000. Tliis is by no means the limit for its use, for łiori- 
zontal angles can be turned from the photographs witb all tbe pre- 
cision necessary for a scalę as large as 2 or 3 inches to the mile. The 
limit of the camera’s usefulness will bo determined by the degree of 
accuracy necessary in determining eleyations— that is, roughly, by 
the contour interval.

Table 1 giyes a summary of rcsnlts obtained from the use of the 
piane table and from the piane table supplemented by the panoramie 
camera. It should be understood that the figures show results of 
Work in a region where wages and cost of provisions and transporta- 
tion are vcry high—probably higher than in any other ciyilized 
ąuarter of the globe—so due allowance should be madę for this con- 
dition.

The Eagle Riyer and Tanana suryeys were executed by the plane- 
table method alone. In the Bonnifield suryey a panoramie camera was 
employed to a smali extent. For the Port Valdez and Moose Pass 
suryeys a single camera was employed and in the Broad Pass and 
Nelcliina-Susitna suryeys two cameras were used.

The gain from the use of a panoramie camera is expressed in ool- 
umns 6, 7, and 8, as well as in the columns of costs, because the 
adyantage lies as much in inereasing the number of stations, and 
thereby limiting the rangę of field to be ooyered at each station, as in 
a direct reduction of cost. The column of costs per sąuare mile (9) 
should be read in connection with columns 3 and 5 in order that the 
influence of the weather and the cost of transportation to and from 
the field may be taken into account. In order to eliminate these two 
factors column 11 has been added. In arriying at the figures there 
shown only those percentages of the total costs which were chargeable 
to salaries on workdays, subsistence on workdays, eąuipment, and 
transportation in the field were used. The figures therefore repre- 
sent only approximate unit costs of the yarious suryeys and thus 
merely show the relative value of the panoramie camera in com- 
parison with the piane table.

It will be seen that the relatiye cost of the Port Yaldez suryey is 
less than one-third that of the Eagle River suryey. In order that 
these figures may not be misleading it is necessary to explain the 
conditions under which the suryeys were madę. Both of the dis- 
tricts are adjacent to the coast, and they presented similar difiiculties 
to trayel. The proportion of timbered areas is yery much greater 
in the Eagle River district than in the Port Valdez district, and large 
glaciers cover much of the Port Valdez district. It would be a very 
diflicult if not impossible task to eąualize all the many factors that 
would have to be taken into account to reach a common basis for the 
two suryeys, but by estimating roughly the effect of the timber and 
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ice and eliminating the expense of traverses necessary for both suryeys 
the resulting rafio of costs was approximately three to four in fayor 
of the Port Yaldez. This result gives a ratio nearer that between the 
costs of the Moose Pass and the Eagle River suryeys, which, the writer 
belieyes, indicates with a fair degree of accuracy the relatiye yalues 
of the two methods in country of average fayorable type. The areas 
covered by the Eagle Riyer and Moose Pass surveys show a difference 
in amount of timber. It has been estimated that this difference 
was about balanced by the increased cost of transportation for the 
Moose Pass survey, which was effected with pack horses, reąuiring 
the additional services of a packer. The Port Yaldez and Moose 
Pass suryeys were madę with the aid of only one panoramie camera, 
and by the employment of an auxiliary camera a further reduction 
in cost could haye been reasonably expected.

Column 12 has been included in the table to show the time spent 
in office work in the seyeral suryeys. Roughly, the figures indicate 
that the photographic method reąuires about one-fourth morę time 
for the detail suryeys and only slightly morę for those of the smaller 
scalę. In the photographic suryeys a large portion of the contour 
sketching is done in the office, whereas in the plane-table suryeys, 
especially those on the larger scalę, the contours must be sketched 
on the ground. This difference accounts for the increased amount of 
office work necessary for photographic suryeys. But where the 
difference in amount of field sketching inyolyed in the two methods 
diminishes, we should expect a corresponding change in the relatiye 
time necessary for the completion of the office work, and as in suryeys 
on the smaller scalę the amount of field sketching in the two methods 
is morę nearly eąual, a smaller difference of time for the office work 
results.

PLA TĘ  C A M E RA.

In recomiaissance expeditions, where extensive areas are to be 
suryeyed, broad yalleys of Iow relief are certain to constitute a con- 
siderable portion of the region. The camera alone may be inadeąuate 
to gather the data necessary to contour the slopes and to tracę the 
drainage in these yalleys. The piane table, having been continuously 
employed to establish the positions of the stations and other points 
of control, becomes immediately available for obtaining details 
which can be put on the sheet without the inconvenience of impro- 
yised control and with but slight delay in progress. The topographer 
who is prepared for both rugged and rolling country can pass from one 
to the other with all the adyantage that both the piane table and the 
camera offer. This usefulness in all types of country is the chief 
point of superiority which the panoramie camera, combined with the 
piane table, has over methods of suryeying in which piąte cameras are 
used in combination with the tlieodolite.



Another adyantage is the locatiyc naturę of the negatiyes, which, 
by supplying data for their own eon troi, permit great freedom of moye- 
ment in auxiliary cameras. This ąuality practically eliminates all 
uncertainty of the camera’s position, wliether or not the stations 
have been sighted in the plane-table seberno. It is only necessary 
that the panoramas include the reąuired number of control points 
properly disposed around tho horizon.

The third adyantage is gained by the use of film cartridges instead 
of plates. The cartridge of four exposures packed in a waterproof 
case weighs 5 ounces. Three exposures complete the horizon, so that 
the cartridge has a scope of 480° with necessary oyerlap. In tho 
preyailing type of piąto camera used in surveying, nine plates would 
be reąuired to embrace 480°. These would weigh 20 ounces packed, 
four times tho weight of tho film* Two hundred rolls of film, weighing 
less than 70 pounds, have been used during a season of about three 
months. Tire equivalent weight in glass plates is close to 300 pounds. 
Such an additional load would reąuire a considerablo inerease in 
outlay for transportation.

The dependable accuracy of results in determining eleyations from 
film negatives is indicated in Tablo 8 (p. 61). Doubt of tho reliability 
of such determinations seems to havo been the only argument against 
the use of the panoramie camera in topographic mapping. An 
allowance must be madę for accuracy of measurement of filrns as 
compared with plates, and when the amount of this allowance has 
been determined a comparison can be madę of the rclatiye yalues of 
tho panoramie camera and the piąte camera. For the panoramie 
camera thoro is greater ease and rapidity in field oporation, moro free
dom in selection of stations, marked rąduction of weight in negatives, 
greater safety in tho transportation and care of exposed and de-, 
yeloped negatiyes, and inereased facility in the office compilation. 
The piąte camera has the sole adyantage of supplying negatiyes 
that permit greater refinement in establishing elevations, a refine- 
ment which becomes necessary only in large-scale work that has a 
smali contour interyal. As this refinement would not bo needod for 
generał seryice maps on the smaller customary scalcs, there is no 
justification for the time and expense necessary to obtain it. The 
balance therefore is groatly in the favor of the panoramie camera.

STEREOPH O TO GRAM M ETRY.

The attention which stereophotogrammetry is receiying demands 
a comparison of this method with that of the panoramie camera. 
In stereophotogrammetry the piąte camera is employed to obtain 
stereoscopic views from points whose distance from each other is 
carcfully measured. This distance is known as the base. In accord- 
ance with principles of descriptive geometry, instruments have been
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constructed by mcans of which the field coyered by such a pair of 
piąte negatives can be rapidly conyerted to a map. The base and 
the focal distance for the negatives are known ąuantitics from which 
the desired ąuantities, distances to points and differences of eleyation, 
are obtained. Measurements are madę upon the plates by means of 
microscopes and micrometers, which supply results with considerable 
precision. This application of stereoscopic photography is striking. 
The ingenuity manifested in the instruments of Pulfrich must com- 
mand the respect of all who acąuaint themselves with what he has 
done. The field which these instruments have opened or madę 
morę accessible to photography is wide and yaried, and it is probable 
that work can be done with them which could not have been done with- 
out them. It is, however, as a means for generał topographic surveying 
that the method concerns the presenfdiscussion. In this work there 
is no need to go beyond the single consideration of the base. In order 
that the stereoscopic negatives may have a considerable rango the 
bases must be from 50 to 300 feet long. The kind of country in 
which it would be possible to select positions for stations where room 
could be found to lay out these bases is not ordinarily the kind in 
which photography is best adapted for topographic surycys. It is 
obyious that the pointed and commanding peaks, which offer the 
most advantageous positions for the camera, could not be occupied 
in stereophotogrammetry. Because of this fundamental feature it 
seems improbable that this method can be satisfactorily employed at 
the tops of rugged mountains.

A E R IA L  PH O TOG RAPH Y.

It is not commonly realized that a photograph of a piane surface 
taken with a piąte camera directed perpendicularly toward that piane 
is a map of the area which the photograph embraces. In other words, 
it is possible to use the camera to produce charts, in the form of 
negatives, of level ground, proyided the camera can bo placcd in a 
position directly above the ground. Here the camera will merely 
be doing on a smali scalę what is done on a very much larger scalę in 
map reduction by photography. It is essential that the lens give a 
true perspective and that the piane of this perspective be parallel to 
the piane of the ground or its angle of inclination be determinable. 
Upon this basis Theodore Scheimpflug,1 of Yienna, deyised a camera 
consisting of eight lenses arranged in such a manner that one of 
them is directed downward and the other seyen lenses are disposed 
around the first with axes inclined at 45° to the optical axis of the 
central lens. The eight plates are exposed simultaneously. The i

i Scheimpflug, Theodor, Die Herstellung von Karten und Planen auf photographischem Wege: K 
Akad. Wiss. Wien, Math.-naturw. Klasse, Sitzungsb., Band 116, Abt. 2-A, pp. 235-266, 1907. See also 
Kammerer, G., Th. Schiempflugs Landvermessung aus der Luft: Internat. Archiv Photogrammetrie, 
Band 3, Heft 3, pp. 196-226.
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central negative, if parallel to the piane of the ground, is a correct 
chart of the ground it covers, but the seven inclined negatiyes aro 
distorted charts which reąuire correction in order that they may be 
joined to the central or true chart. To make this correction, Scheim- 
pflug designed an optical instrument which he has called a photo- 
perspectograph. By means of this instrument photographs taken 
of the original inclined negatiyes fali into the piane of the central 
negatiye and supply extensions to that negatiye on the same scalę.

The assumption thus- far has been that the ground to be mapped 
is fiat. For rolling and mountainous country the charts will be dis
torted or contain errors, whose amount will depend on the relief of 
the ground, the height at which the photographs were taken, and the 
angular rangę of the photographs. There is also the reąuirement of 
control, which must be supplied in every set of negatiyes in order to 
orient the charts and give them scales.

Without experience with a method so different in naturę from the 
methods commonly used in surveying, it is not possible to draw the 
limits of its possible futuro field, but there are certain hindrances 
which are liable to delay, if not preyent, the generał use of this type 
of photography. The most serious of these hindrances are the ex- 
pense and hazards incurred. The airplane or the dirigible balloon 
would be reąuired to reap the fuli benefits of this method, and the 
gain or loss in its use would depend upon the cost of operating the 
aerial yehicle. The fartber the field of the surveys lies from facilities 
for transportation by water and raił and the rougher the country of 
that field, the less useful is the method at present. Its greatest usc- 
fulness will most probably be in military suryeys and in topographic 
surveys of relatively fiat regions where man-built structures are dense 
or where swamps and streams make surveying by older methods 
tedious and difficult.

FIELD  IN S T R U M E N T S .

PHOTOGR.APHIC EQUIPM EN T.

'  PANORAMIC CAMERA.

GENERAL FEATTTRES.

The panoramie camera set up for use is shown in Platę III. The 
camera box is madę of aluminum and is inclosed in a protecting 
frame of mahogany that is lined with felt. The top of the aluminum 
box is the reference piane for leyeling and the yertical axis carrying 
the lens is placed perpendicular to this piane. The circular film 
guides are adjusted so that when the film is in position for exposure 
all elements will be perpendicular to the leyel piane and hence paral- 
lol to the lens shaft. The horizontal scope of view is approximately 
126°. A margin of 6° for each photograph allows amplo rangę for
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setting tlie camera by open sight and a sufficient overlap near the 
limits of the pliotograph for identification. The vertical scope is 
about 18° aboye the horizon »nd 26° below it. The greater rangę 
is given to the foreground in order to photograph all except precipi- 
tous slopes. Two seats at right angles to each other are arranged 
on the top of the box to receiye a detached level bubble which permits 
a rapid adjustment for level. This adjustment is the only one that 
is necessary in using the camera. The camera is connected with the 
tripod by three leyeling screws of a common pattern. The slit in 
the lens funnel is about 0.6 inch wide, a width which aliows as much 
light to reach the fdm as the reąuired accuracy in image will permit.

The lens is reyjlyer1 by a spring, and the ratę of revolution is 
regulated by detach le fans connected by gearing with the lens 
shaft. The fans which project outside the box reąuire protection 
from sudden blasts of wind, and this is provided in the form of a 
cylindrical cap. The camera box has an opening at the back for 
the insertion of film cartridges. Both reels have free right and left 
motion, and they are eąuipped with adjustable friction brakes to 
hołd the film closely in contact with the guides. Contact bars are 
placed in the back of the camera to aid further in holding the film 
accurately in place. The door, which is hung at tho top, when 
closed forms a light tight coyering for the lens and can be inclined 
at any desu .1 angle to shade tho lens from tho sun at the time of 
exposure. It is necessary to use the wind guys when the wind 
aTects the levol bubble. A fino and strong fish linę gives good 
results. The guys are anchored beforo the camera is finally leyeled.

Before using the camera a test is madę to ascertain whether the 
proper relation exists betwoen tho lens shaft, film guides, and lovel 
piane by exposing upon a field containing seyeral prominent objects 
in the samo horizontal piano with the lens. These objects should bo 
placed or selected so as to bo far enough away from tho camera to 
make the test effective. If tho lino passing through these seyeral 
images is straight the proper relation exists, but if not the corroction 
must be madę before taking the camera to tho field.

The camera has been constructed in two sizes, one employing a 
5-inch cartridge and the other a 6-inch cartridge. The oquivalent 
focal length of the lens is about 5.4 inches, and for topographic sur- 
yeying the image is perfect through a rangę of 30° from the optical 
axis. Tho 6-inch film is better adapted for use in precipitous country, 
for its yertical rango is about 8° greater than that of the 5-inch film. 
The disadvantage lies in tho extra expense and inconyenionce of pro- 
curing special films differing from tho regular stock sizes, such as the 
5 by 4 inch twelvo-exposurc commercial film.
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By placing the lens in the 5-inch camera a little below the center 
linę part of tho advantage gained in the 6-inch camera can be had, 
and on account of this possible arrangement tbe 5-inch camera is 
preferred.

LIGH T BAND.

Figurę 1 shows graphically the elements that should determine 
the width of the light slit in tho funnel. The focal piane is rcpre- 
sented by the linę rx. Tho lines d  and ad represent parallel planes 
perpendicular to the optical axis, through the light slit and the 
optical center of the lens, respectively. The focal length of the lens 
(ou) is 138 millimeters and the distance oh is 80 millimeters. The 
diameter of the aperture at F 32, represented by bc, is 4.3 millimeters, 
and at F 6.3 (ad) it is 22 millimeters.

The minimum wid Lh of slit that will permit maximum illumination 
at the center of the light zonę (u) when the aperture F 6.3 is used is

shown by the lines au and du, Crossing the piane of the funnel slit. 
This width (gk) is 8.6 millimeters. A source of error which must bo 
considerod is that caused by the uso of a film in cylindrical form 
instead of a fiat film. The maximum width of slit that can bo used 
because of the cylindrical field is limitod by the effect of the error in 
imago (“ softening” ) on both horizontal and vertical readings. 
Furthermore, the widest slit that the camera mechanism will con- 
venieńtly allow is 15 millimeters. For a 15-millimeter slit tho zonę 
of fuli illumination will be 23 millimeters at the F 32 stop. The 
amount of this "softening,”  duo to lack of focus, is shown for the 
edge of the zonę in the following table:

Table 2.—Amount o f  focus error due to light band.

Stop.

Radius 
at focal 
piane 
(milli- 

meter).

Effect on 
horizon
tal angles 

(min- 
utes).

Effect 
on eleva- 
tions at 
distance 
of 5 miles 

(feet).

6.3 0.04 1.0 8.0
11 .023 .57 4.3
32 * .008 .20 1.5
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We may therefore employ a light slit of any width between tbe 
limits 8.6 and 15 millimeters and maintain fuli aperture efficiency and 
introduce only negligible errors in image.

LENS SH AFT AND MOUNT.

In order to eliminate errors that would result from a failure to get 
the lens shaft accurately oriented with the film guides and the level 
piane, and from eccentricity in mounting the lens in the barrel, 
means for adjusting these positions miglit seem to be desirable. 
Experience in tbe construction of the cameras has shown, howeyer, 
that the lens shaft can be placed with sufficient accuracy to make 
unnecessary, as well as undesirable, an adjusting mechanism which 
might prove a source of large and irregular errors, and the slight 
eccentricity that has resulted from the mounting of the lens can be 
obviated by turning the lens enough to throw the optical axis into 
the piane of the horizon.

LENS TEST.

Though there are doubtless other standard lenses that would adc- 
ąuately suit the purpose of the camera, the field Work has not yet 
afforded an opportunity to make trials of morę than one—the Zeiss 
Tessar series Ilb. Tests of four of these lenses furnished reliable 
evidence of their uniformity of construction. The distortion is so 
slight as to be negligible. The table below giyes the results of these 
tests, supplied by the Bureau of Standards.

T a b l e  3.—Results of tests o f lenses.

[Tests madę by Bureau of Standards.]

Distance 
from lens 
axis (de- 
grees).

Distance 
from lens 
axis in 

the focal 
piane (mil
limeters).

Distortion correction in millimeters for 
lens No.—

1 2 3 4

0 0 0.00 0.00 0.00 0.00
J 5 .00

10 24 .00 .00 .00 .00
15 37 -  .02 • .00 +  .02 -  .03
20 50 . -  .00 .00 +  .04 -  .05
25 04 -  .11 -  .00 +  .07 -  .10
30 79 +  .02 -  .00

Equivalent focal lengths: No. 1,135.3 mm. No. 2,138.5 mm. No. 3,137.0 mm. No. 4,136 mm.

A determination of the equivalent focal length of the lens must be 
madę before the construction of the camera box is begun. The back 
focal length should also be ascertained. It is necessary for the circular 
film guides to be formed with a radius exactly equal to the equivalent 
focal length. The position of the lens in its collar can readily be 
fixed by simple measurement of the distance from the back lens 
surface to the film, this distance being efiual to the determined back
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focal length. A test of image definition can then be madę by ex- 
posing tbe lens in this position and at different points nearer to and 
morę distant from the fibn. An examination of greatly cidarged 
lantem images from the resulting negatives will disclose any dis- 
crepancy in tbe position selected.

The degree of accnracy obtainable in turning horizontal angles 
from photographs taken with a panoramie camera will depend on the 
focal length of the lens and the refinement of the means of making 
measurements. The open sight employed in turning angles permits 
a setting on a point within 0.01 inch of its tnie position. At the cir- 
cumference of a circnlar arc haying a radius of 5.4 inches (the focal 
length of the lens employed) the error of 0.01 inch in pointing cor- 
responds to an angular value of 6J'.

INSTRUMENTS FOR DETERMINING DURATION OF EXPOSURES.

TY PES.

The many different styles of exposnre meters and calculators in 
generał use may be divided into three generał types— (1) exposure 
meters, which are designed to measure the light iutensity at the mo
ment of exposure by means of sensitized substances; (2) exposure cal
culators, which are based on the computed intensities of the sun’s 
light for given latitudes throughout the different seasons and for dif
ferent hours of the day; and (3) the photometer type, which is de
signed to estimate the actinic value of the light reflected from the sub- 
ject. The first type has only a moderate rangę of usefulness, and it is 
not adapted for landscape photography. The most troublesome fea- 
ture of the second type is its unwieldiness. There are so many factors 
to be considered in arranging the scalę that it seems impossible to de
sign one for uniyersal use. From the Eąuator to the polar regions the 
rangę of the intensity of the sun’s light is too wide and differs too 
much from season to season and from hour to hour to make it possible 
to combine all the essential corrections in one compact design. It be- 
comes necessary to employ different scales for different latitudes, and 
even in these scales there can be no provision for estimating the in
tensity of the light when the sun is very Iow and mists liave risen to 
interfere with the light rays.

A simple and practical rule for timing exposures is given by F. H. 
Moffit. This rule reąuires the use, for a distant landscape of average 
brightness in fair weather, with F 16 stop, of the reciprocal of the 
sun’s altitude in degrees to give the time in seconds or part of a 
second. Thus, if the sun is 20° high the time should be 1/20 second 
for F 16 stop in fair weather. Proper corrections should be madę for 
cloudy weather and for different subjects and color screens.

Some of the statements madę in reference to exposure may seem 
arbitrary to experienced photographers, and the writer realizes that
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the rules here given are by no means finał. The purpose has been to 
indicate to the suryeyor who is inexperienced in photography a pro
cedurę that will permit him to obtain satisfactory results.

CALCULATOR.

The table of exposure times (Table 4) and diagrams of altitude 
curves (fig. 2) have been arranged by J. B. Mertie, of the Geological 
Survey, and are based on the principle that the intensity of the sun’s 
light yaries directly as the sine of the sun’s altitude, as presented by 
Alyes.1 Upon this foundation a beginning for the table was obtained 
by exposing tofind the proper time and stop for distant landscape un- 
der maximum illumination, and the remaining ąuantities followed in 
arithmetical ratio.

T a b l e  4 .— Time (in seconds) o f photographic ezposures in fair weather, according to the
sun’s altitude.

|For use with plates and films of speed designated by Burroughs, Wellcome & Co. as 1/6; Watklns, 180; 
Wynne,F90. Use “ Near”  forlessthan2miles; “ Distant,” to 15miles; “ Yery distant,’ 'over 15miles.]
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i Alves, G. M., Outdoor exposures: Pliotominiature, vol. 5, No. 54, September, 1903.
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Table 4 supplies any desired stop and time for the sun’s altitude 
between 3° and 90°, when direct readings can be madę for altitude. 
For simplicity in using the table it has been divided into zones which 
are broad toward the zenith and narrow near tbe borizon. A diyision 
of this kind is permissible, for the reason that the average quantities 
of time can be employed for a considerable change in the sun’s 
altitude without introducing errors in results.

When the sun is not yisible its altitude has to be determined in 
another way. Figurę 2 is arranged for use in connection with the 
table when the sun is obscured. The diagrams are drawn for lati-

Figcke 2.—Curves of sun’s altitude. A, Latitude 39° N.; B, latitude 64° N.

tude 39° N. and 64° N. and they are appropriate for use within 
zones of 4° or 5° of latitude. For use in other latitude zones it is 
necessary to construct other series of curves. The curves were 
obtained from the formula

sin A. —sin 4> sin 5 + cos 4> cos 8 cos 7 ................. --(1)
in which Ti =  true altitude of sun, 4> = latitude, 8 =  declination, t = hour 
angle.

It will be seen that the curves have an equal spacing at midday. 
This result was obtained by determining the dates at which the sun’s 
altitude would have certain noon yalues. That is, the different 
values of the sun’s declination, which would give certain fixednoon 
elevations, were calculated. In formula (1) the term cosine t becomes 
unity when t =  0 (that is, at noon). The formula then can be con- 
Torted into the form

cos 8 = sin h cos 4> ±  sin 4> cos li (2)



and in that form it is best suited for calculating with the minimum of 
labor the declination values above mentioned. When these declina- 
tion values are known formula (1) can again beutilized in calculating 
the sun’s altitude for the curves at the different hour angles.

PHOTOMETER.

The photometer type of exposure meter operates directly upon 
the subject, and theoretically it should supply the desired lighting 
factor morę ąuickly and morę accurately than any of the other 
devices, but it reąuires practice to get its “ run” and to make the 
correction for indiyidual yision. Compared with the calculators it 
has the adyantage of possessing practically unlimited rangę and of 
measuring the light coming from the subject instead of calculating 
a generał lighting condition. The practice of using a photometer 
and checking it with a calculator has given satisfactory rosults.

COLOR FILTERS.

A suitable color filter is a great aid in long-range landscape photog- 
raphy. The best color filter for photographic use is one that absorbs 
the rays of short wave length and allows the greatest portion of the 
remainder of the spectrum to pass through the lens. The light 
coming from distant objects, owing to its high percentage of the 
shorter waye lengths, acts with very much greater intensity than 
that from the nearer areas. The purpose of the filter is so to neutral- 
ize this stronger actinic light that the rays from all portions of the 
landscape may act sufficiently in a given time to produce fair images 
and to eliminate haze. The chart of curves shown in figurę 3 is 
drawn from data furnished by the Bureau of Standards for .different 
types of filters. Curves J, G, and L l indicate eflicient filters; E and P 
are of lower value; and L2 is almost worthless for topographic work.

The value of a proper filter is shown by the two photographs 
reproduced in Platę IV. The yiew shown in Platę IV, A, was taken 
without a filter early in the afternoon in June. Half an hour later 
the photograph shown in Platę IV, B, was taken, a filter of type G 
being used. This yiew faces approximately in the same direction 
as the preceding one, from the near knoll which is shown in Platę 
IV, A. The two photographs were taken from positions only 200 
feet apart.

FILMS.

The films used should be of standard ąuality and sensitive to yellow 
and green light rays. Films are commonly labeled with a datę 
after which they are not warranted to be free from deterioration. 
Experience with sealed films in Alaska has shown that they remain 
practically unaffected for seyeral months beyond the datę of the 
expiration of the guaranty. As this datę is about one year from
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PER C ENT OF TRANSM ISą'lON

tlie time thc films wero mado it is safe to use them in a cool climate 
within 18 months from that time. It is doubtful whether this rangę 
of time would be greater than 12 months in a wami climate.

The number of film cartridges which should be taken for the field 
work will depend on the character of the survey and the area to be 
coyered. A few extra 
cartridges should be 
incłuded, in order that 
the supply may cer- 
tainlybeadeąuate. In 
reconnaissance s u r - 
veys, which are madę 
on a scalę of 1:180,000, 
the area surveyed will 
very often be deter- 
mined by the weather 
and the length of the 
season. In these sur- 
veys thc probable num
ber of unsuitable days 
is deducted from the 
number of days in the 
season, and an esti- 
niate is madę on the 
basis of using three 
rolls of four exposures 
in a working day for 
each camera. This es- 
timate procides for two 
stations a day for each 
camera. By area the 
estimate should be at 
the ratę of three rolls 
fpr 40 square miles.

For surveys on a 
scalę of 1 mile to the 
inch in country haying 
little timber the num
ber of rolls of film re- 
quircd will be approxi- 
mately one to the square mile. Greater proportions of timber will 
lower the number of rolls required, for the reasoii that morę of the 
area will be suryeyed by traverses.
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DEVELOPING OUTFIT.

TANK .

A deyeloping outfit is indispensable iii the field. By its use at 
limes when regular field operations aro rond cred impossible, enough 
films can be deyeloped to furnisb thoroughly reliable tests of the 
exposures that have been madę. Not ordy does the development 
eliminate the uncertainty as to the ąuality of the negatiyes being 
produced, but it greatly lessens the danger of injury to the films from 
moisture and light.

The form of deyeloping outfit which, in the opinion of the 
writer, best meets the reąuirements is the deyeloping tank, and the 
wooden changing box is discarded for a black sateen bag. This bag 
is really a “ muli”  of double cloth about 2 f feet long and 3 feet in 
circumference, which is supplied with elastic bands to draw the 
openings about the wrists when being used. The remaining parts 
consist of a spool and an apron. The complete kit includes changing- 
bag, metal tank, spool, and apron. The outfit takes little morę space 
than the cylindrical tank, and the changing bag can be operated, 
after a little practice, with as much ease as the changing devices of 
other types. The bag affords far greater security against light 
during the work of changing, for it permits the use of the sense of 
touch, whereas the others rnust be manipulated “ blindly.”  The 
apron is started on the spool before inserting it in the bag and the 
film is attached inside the bag and the winding completed there. 
Thus the film can be felt continuaily, whereas in the use of the 
wooden changing box no knowledge of the operation can be had until 
the lid is remoyed and the film, if uncoyered, has been injured by 
light.

DEVELOPER.

The developer used should be that recommcnded by the manu- 
facturers of the film, and it should be fresh, in order to insure no 
chemical change, or else it should be prepared according to stand
ard formulas with pure Chemicals by careful weighing. For field 
use, the prepared developers are much morę convenient, but they 
aro morę expensiye. The minimum quantity of developer taken for 
a survey should be sufficient to develop a few films every two or 
three weeks. With only a slight addition of weight, sufficient de- 
yeloper to develop all the films may be taken. Because of the sav- 
ing in time it is convenient to use the developer in double strength. 
If this is desired, double the ąuantity should be ayailable. The 
deyeloper should be kept in moisture-proof packages.
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T R A Y  FOR FIXIN G  B ATH .

The most convenient tray for the fixing batli is one madę of 
paraffined canvas, about 16 inches long, 6 inches wide, and 4 inchcs 
deep. Sucb a tray may be folded into a smali space for packing, 
and it will remain practically water-tight for seyeral years. It 
sbould have loops at the top corners for the insertion of sticks, 
which serve to hołd the walls upright.

F IX E R .

Like the deweloper, the fixer should be fresh, pure, and packed 
in moisture-proof cases. That prepared and recommended by the 
producers of the film is likewise to be prcferred. The hypo solu- 
tion should be used with a hardener. The ąuantity to be taken 
should be determined at the ratę of 1 pound of fixer to eacli eight 
rolls of film that are to be developed.

THERMOMETERS.

Long stirring thermometers with a fiat disk at one end are the 
most convenient in form for tank use. Extra ones should be in- 
cluded in the equipment, to use in case of breakago. Thermometers 
of this type are sold by most dealers in photographic supplies.

DR YIN G  CLIPS.

Drying elips of the spring and jaw type aid greatly in handling 
the films after dcvelopment. A substitute for these can be readily 
madę of sticks by splitting, notching, and tying them with thread. 
A clip or split stick should be fastened on each end of the film while 
it is drying.

P L A N E  T A B L E S .

FORMS.

The piane tables used in surveys in Alaska are of two patterns. 
For the morę important stations and control a board 18 by 24 
inches, set upon a strong tripod eąuipped with the Johnson head, 
is employed. No traverse lines except tliose of important water- 
courses, roads, etc., are executed for the small-scale reconnaissance 
maps, so the larger piane table suflices for the entire work. For 
larger-scale maps, such as those on a scalę of an inch to the mile, a 
smali board from 6 to 15 inches square supplements the larger table. 
The tripod head for this table is a smaller one, of the Johnson type. 
It is light and simple in mechanism. The Johnson head and both 

| types of piane tables are fully described in the maker’s catalogue, 
and therefore need no further mention here.
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SHEETS.

The triangulation scheme of control for the photographs may be 
drawn upon either double mounted paper or white opaąue celluloid. 
The \vriter has found the celluloid preferable to the paper. Its one 
great adyantage over paper is its freedom from injury by water. It 
holds pencil lines fairly well and is not morę subject to contraction 
and expansion tban paper. It must be guarded against fire, but so 
must paper.

Perhaps the most yaluable recently deyeloped auxiliary to plane- 
table work is the thin-sheeted frosted celluloid, which is rapidly 
taking the place of linen for making the locations of stations. It 
has the very great adyantage of holding securely the original lines 
drawn from stations and thus furnishes permanent reference sheets 
for control. It freąuently happens in extensiye triangulation schemes 
that the positions of certain mountains, which may be used as sta
tions, can not bo accurately determined at the time they are being 
occupied. The transparent celluloid eliminates this difficulty, for by 
its use the determination of the true position of any station may be 
deferred until checks haye been obtained from other stations morę 
fayorably situated. Indeed, it is possible to use these sheets on 
returning from the field to plot the entire triangulation scheme on a 
large sheet and thus to carry a check over the entire work of a season.

T E L E S C O P IC  A L ID A D E  A N D  A T T A C H M E N T S .

The most necessary features in the telescopic alidade are rigid 
joints, objective efficiency, and lightness. The ruler should be about 
15 inches long and the standard long enough to handle with ease. 
The circular arm should be graduated to read 30° at level in order 
to eliminate the necessity of positive and negatiye signs in the notes. 
Platę Y, B, shows an instrument of recent design which properly meets 
the reąuirements. The auxiliary level bubble reduces the number of 
angular readings almost one-half, for when it has been adjusted for 
level position a single angular notę upon a point completes the record.

An important attachment that secms not yet to have come into 
generał use is the micrometer, which in certain uscs may take the 
place of the stadia wir es to considcrable adyantage. In form it is 
similar to that in use on refined terrestrial and astronomical instru- 
ments. Its adyantage ovcr stadia instruments lics in the fact that 
it permits a greater distance to be measured at a single reading, the 
limit of distance being determined solely by the effective rangę of 
the telescope. In operation the micrometer may be described as 
differing from stadia instruments by employing a fixed base and a 
moyable wire Instead of a graduated rod and fixed wires. Within 
certain limitu the base may be of any desired length, as for a thousand
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feet, between 5 and 10 feet; for a mile, betwcen 25 and 50 feet; for 
10 miles, 200 to 500 feet. This base may be marked by dmsions on 
a regular stadia rod, by the distance between flags or cross bars 
attacbed to a standing tree, or by the distance between two trees or

Figurę 4.—Diagram showing mechanical principlo of micrometer attacliment for telescopic alidade.

rock cairns. The accuracy attainable with the micrometer for indi- 
vidual readings is from 1 in 100 to 1 in 500, and traycrses can be 
executed with much greater accuracy due to compensating errors.

The formula for micrometer use can be deduced in a manner similar 
to that for stadia. In figurę 4, let
B = base at right angles to linę of sight on which readings are to 

be madę.
H =  distance of base from the optical center of the instrument. 
d = perpendicular distance of piane of micrometer wire from the 

optical center of instrument (the wire moves in a piane per
pendicular to the optical axis). 

b = distance wire is moved by one revolution of micrometer.
R = number of reyolutions of micrometer to cause wire to move the 

apparent lengtb of base.
/  = principal focal distance.

Then, from the similar triangles, we have

In formula (1) d yaries with H, but from the relation

Wc obtain a yalue

which may be substituted in formula (1), with the result that we 
obtain a new formula:

B

R b : d = B : H, or H =  ̂ (1)

(2)

in which all the values necessary for a solution for H can be readily 
determined.

85261°—Buli. 657—17-----3
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As /  is negligible, in comparison with distances usually measured, 
we may write

H-I°
in which C represents the micrometer constant.

C can be determined by tests on a known base orer a carefully 
measured course, using the formula in the form

„  HK O -  B

The direction or bearing of the base must be known, and if it is 
other than at right angles to the linę of sight its effective value prac- 
tically becomes

B' =  B sin a______________________ (3)

a being the angle formed between the linę of sight and the lilie of 
the base. The error introduced in obtaining formula (3) on the 
assumption of a right triangle is so slight, because of the smali angle 
subtended by the base at the instrument, that it need not be con- 
sidered in the calculation.

If the base stands at an elevation above or below that of the 
instrument the formula reąuires a further correction for difference 
in elevation.

The effective base then becomes
B "  = B sin a cos Y

where V is the yertical angle to the base. The generał formula then 
takes the form

TT B sin a cos V,,H = --------n -------- C

The micrometer may also be used for stadia readings because the 
micrometer attachment customarily carries three fixed wires, to 
facilitate readings, besides the movable wire. It is only necessary 
to determine the point, as may be noted on the graduated drum, at 
which the fixed wire should stand to give the desired stadia interval 
between it and one of the fixed wires.

T R A N S IT .

A light mountain transit is employed in surreys in Alaska to carry 
forward the triangulation. The transit further serves for observa- 
tions of azimuth and latitude. A connecting attachment which re- 
ceives the leyeling screws makes its use possiblo on the plane-table 
tripod. The transit has a 4J-inch horizontal circle and an 8-inch 
telescope and can be road to 30" of arc, so that the degree of accuracy 
attainable with it is about 1 in 5,000.
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C H A IN S .

A 100-foot steel tape is used to measure base lines. Through tim- 
ber, wbere stadia trayerses aro impracticable, distances aro measnred 
with a linen tape or cord. This linę is usually from 300 to 528 foot 
long, the length being mado to conform with tho scalę graduations. 
Braided fish linę of about ono-tenth inch diametcr is excellent materiał 
for the “ chain.”  As this modę of obtaining measurements is usually 
employed over rough and obstructed courses, it becomcs necessary to 
“ tie in”  sucli trayerses at intoryals not greater than 2 or 3 miles, and 
the tie points also serve as barometer checks.

A N E R O ID  B A R O M E T E R .

The aneroid barometer renders yaluable servico but must be used 
with caution. At least two daily checks aro necessary bcsidos tho 
initial setting to obtain rosults reliable within liberał limits of error. 
The aneroid is doing its normal work if it registers the difference in 
eleyation within 10 per cent. Furthermore, there are a great number 
of daily and atmospheric irregularities wiiicłi, if they could be meas- 
Ured, would make the work of compensation too great to be profitable. 
The 2J-inch pocket barometer is in common use. The user should 
test his aneroid thoroughly to learn its peculiarities before forming 
the habit of using magnifying glasses and yerniers for readings.

FIELD  W O R K .

S C A L Ę  O F STTR V E YS.

The panoramie camera has been employed in surveys on field scales 
of 1:48,000 and 1:180,000. About 500 sąuare miles have been mappod 
with it on the larger scalę and about 22,000 sąuare miles on the 
smaller scalę. It has therefore been tliought best to confine the 
descriptions largely to the work on the smaller scalę and to add, as 
occasions arise, such notes as may be necessary to explain the dif- 
ferences of practice for tho morę detailed surveys.

H O R IZ O N T A L  C O N T R O L .

ACCTJRACY.

In generał map control may be diyided into two classes— (1) pre- 
cise control, which places tho map accurately in position on the 
oarth/s surface and at the same time connects all parts of the map 
together in a properly related system; and (2) a less precise control, 
which, though it supplies a practically correct and accurately oriented 
Web of points and distances, does not attempt to determine thoso 
positions on the eartłfis surface with exactitude. Precise control is 
usually obtained independently of topographic surveys. It is rela- 
tiyely expensive but is necessary where great diyisions of the earth 
are to be mapped or where smaller map units are gradually extended
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and joined together. Control of the second class is commonly carried 
along simultaneously with the topographic suryey.

The topographic maps of areas in Alaska published by the United 
States Geological Survey haye been primarily intended to supply geo
logie and other usefnl information to the American puhlic. The 
facts that they were indispensable as a base for assembling and clcarly 
presenting that information and that they have high intrinsic yaluo 
solcly as topographic maps roąuiro no emphasis, yet it was because 
of the demand for geologie information that funds hocame available 
for the topographic suryeys. It will therefore be understood that they 
were incidental to work of a broader scope. This dependcnce is 
neither peculiar to suryeys in Alaska nor is it an unusual condition 
in topographic surveying. Contoured maps are expensive to mąko. 
The impetus for carrying them through is almost inyariahly gainod 
from some conyincing need which entails the use of a base map.

It should be kept in mind that systematie suryeys in a fronticr 
country will be expensive, that so far as possible immediate demands 
for useful and reliable data must be met, and that the work should be 
done with all possible celerity. So, however desirable it might have 
been to commence a system of triangulation of the first order, at the 
beginning of systematie suryeys and to continue it to a measurable 
extent each year, this could not haye been done with the smali funds 
ayailable without crippling the work for which the survey was pri
marily undertaken. Furthermore, in order that the greatest amount 
of information should be ąuickly gathered and that areas of speeial 
economic importance should first be mappedit was necessary to carry 
on detached sury eys in widely separated regions, and it has not been 
possible to determine those regions long enough in adyance to estahlish 
zones for a triangulation system that would supply usable results 
within a reasonable time.

From the foregoing remarks it is evident why the less precise type 
of control has been employed. The simplest methods were used in 
obtaining this control, and the time spent in the work was only as 
much as was thought necessary to procure sufficient data. The 
results obtained have on the whole been entirely satisfactory so long 
as the suryeys, when joined together, have not embraced very ex- 
tensive areas. As was expeoted, in recent years, where in some areas 
greater distances haye been spanned, inherent discrepancies have 
developed, owing to the lack of morę refined instrumental triangu
lation and geodetic adjustment, and these discrepancies had to be 
adjusted by arbitrary means.

As futurę suryeys will join together still greater stretches of detached 
and semidetached areas, the need for better control will press apace. 
During the last several years, howeyer, excellent Systems of geodetic 
control haye been supplied along much of the Southern coast of Alaska
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”  by the United States Coast and Geodetic Suiwey, along the interna- 
tional boundary by the International Boundary Commission, and in 

 ̂ certain regions by the General Land Office.
Extensions from these Systems can now be madę, with much 

0 greater facility than formerly, to coyer regions where precise control
V will soon be urgently needed. With the exception of certain surveys
0 that could be readily controlled by direct connection with one or the 
3 ; other of the two systems mentioned aboye, topographic suryeys in 
3 Alaska have been accomplished with the aid of control of the less 
T precise character.
3 METIIOD OF EXPANSION.
1

The procedurę here described is followed in reconnaissance suryeys. 
Por larger-scale maps of smaller areas the main ditference lies in the 
length of sights and the greater number of targets built ahead of 
obseryation work.

Ground is chosen to obtain a base as long as possible which shall 
have suitable points disposed to form a ąuadrilateral. From neces- 
sity the base is usually short, half a mile sufficing if natural conditions 
are fayorable for expansion. The ground is staked and measured 
along the slope with a 100-foot steel tape. Levels are then carried 
oyer its length in order that the horizontal distances between stakes 
may be obtained. Targets are built at the ends of the base linę and 
at every station in the initial ąuadrilateral. Beyond these stations 
sights are projected ahead at prominent and suitable mountain 
peaks. The aim is to obtain a checked distance between two eleyated 
stations several miles apart before dispensing with targets placed 
ahead of obseryation. At the outset distances between stations must 
be selected to conform with the length of base in order to ayoid angles 
which are too acute, and once this has been accomplished the triangu- 
lation net may be expanded and the distances between stations 
increased to 30 or 40 miles.

The ends of the base linę and all stations of the initial ąuadrilat
eral are occupied with the transit, and the lengths of the sides of the 
triangles are computed, piane angles being used. Points represent- 
ing the ends of the base linę are plotted upon the plane-table sheet 
on the field scalę to be used.

From these stations lines are also drawn upon the plane-table sheet 
to serve as cliecks on the computations and also to assist in estab- 
lishing a rigid orientation. All other yisible futurę stations aro like- 
wise sighted with the alidade. Two main difficulties confront the 
engineer in this work. First, he must keep in mind the several scat- 
tered peaks which he has selected as triangulation points and be able 
to identify them from different locations, and, second, he must exer- 
cise judgment as to the suitability of those points for futurę occu- 
pancy. The first difficulty is minified by the use of the piane table.



38 USE 0E PANOBAMIC CAMEEA IN  STJKYEYTNG.

The second difficulty may be reduced by including other peaks near 
those of first choice for use as substitutes or altematiyes, provided 
tliis is done cautiously, so as not to increase the number to the point 
of confusion.

In spite of the most careful work errors are liable to creep into the 
control scheme. In order to detect these errors and to determine 
their amount, an additional base should be laid out for eyery 50 or 
100 miles surveyed.

LATITUDE.

Obseryations for latitude are madę either by measuring the alti- 
tude of the sun at noon or the meridan altitude of a known star, and 
the transit serves for this work. Ali obseryations are mado with the 
telescope direct and inverted. Declinations are taken from the 
Nautical Almanac. The formula for use in computing the latitude is

<p =  90° — (h — r — d)

in which Ti =  altitude of sun’s center or star, r = refraction, d =  declina- 
ation at time of observation.

The method gives only approximate results, yet by repeating the 
obseryations results can be obtained which are correct within 1,000 
or 2,000 feet. If a series of obseryations is madę throughout the 
field work a mean can be obtained, which should be used for the map. 
The results are not reliable enough to check the horizontal control 
scheme.

AZIM UTH.

Obseryations for azimuth are also madę with the transit upon 
either the sun or a circumpolar star. Obseryations upon sonie star, 
as Polaris, at elongation give the most reliable results, but because of 
the long hours of daylight in high latitudes during the summer the 
stars are not often ayailable. For stellar obseryations at elongation 
the formula is

sin A = sec cos 8

in which A =  angle between star and true north, y = latitude of place,
8 = declination of star; and for convenience it is necessary to deter
mine the local mean time of elongation.

For solar obseryations it is necessary to know the approximate 
time. A consistent routine should be followed in morning and 
afternoon obseryations in order to eliminate doubt as to which limbs 
of the sun are being observed. Obseryations are madę primarily to 
obtain the altitude of the sun for use in the formula

tan §A = sin (S — H) sin (S — <p) 
cos S cos (S—P)
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in which S = half the sum of P, <p, and H, H = altitude of sun corrected 
for refraction, <p =  latitude, P =  sun’s polar distance, A = azimuth 
reckoned from the north.

If solar observations alone are used for orientation they should be 
madę at points whose distances from one another are represented 
on the map by intervals not greater than 10 or 12 inches.

In determining azimuth the engineer should take care to have the 
distance between the station and the mark great enough to eliminate 
errors that might arise from eccentricity of the instrument and should 
carefully connect the readings with the map. The station selected 
for an observation of azimuth should either be sighted from another 
station that has been accurately located or its position should be ex- 
actly fixed in the triangulation scheme, and by either method due 
regard should be given to orientation.

LONGITUDE.

The lunar method for determining longitude is the only one ayail- 
able to the suryeyor eąuipped with the means employed in surveys 
of the type under consideration, and this method gives results so 
incommensurate with the time and labor necessary for the obserya- 
tions that it is not commonly used. Therefore observations for 
longitude are generally madę only in regions that have telegraphic 
communication with some established position. When a position is 
once established in a region it usually seryes for all suryeys which 
can be tied to it.

The Geological Suryey has madę no telegraphic longitude deter- 
minations in Alaska but has utilized several longitude stations deter- 
mined by the United States Coast and Geodetic Suryey, the General 
Land Office, and the International Boundary Commission.

V E R T IC A L  C O N TR O L .

METHOD.

In reconnaissance suryeys yertical control as well as horizontal 
control presents difficulties. Where a topographic map of a region 
remote from any previous hypsometric communication with the sea 
is to be madę the factors for determining the method of yertical 
control are the expense, time, and degree of accuracy desired. If a 
possible error as great as 10 per cent is allowable the aneroid barome- 
ter will furnish the simplest and easiest beginning. For most pur- 
poses a topographic map whose contours all indicate the country to 
be 10 per cent higher or lower than it really is would be as seryiceable 
as one built upon a correct initial elevation. With present-day 
facilities in map printing by photolithography the later adjustment 
.to the correct datum would not be a serious difficulty. At some
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expense of time and funds a set of mercurial barometers may reduce 
the probable error in datum to 5 per cent. From methods whose 
cost is nominał and whose probable error is great the step is madę 
abruptly into methods that entail great expense. Two of these 
methods are ayailable, narady, yertical angulation and spirit leveling; 
the latter is the most precise method in generał use. Unfortunately 
it is impracticable for initial suryeys, such as those madę in Alaska, 
because of the absence of highways or other possible routes for exten- 
sion. Yertical angulation then remains as the only practicable and 
dependable method for these suryeys.

In the earlier suryeys in Alaska, where no connection with sea- 
level or some previously determined points could be readily obtained, 
the datum for eleyations was determined by mercurial barometers. 
Some of these determinations seryed for connected suryeys that were 
carried through seyeral seasons and embraced several thousand 
sąuare miles of territory. The maps resulting from these suryeys 
were therefore consistent with the initial degree of accuracy, for 
yertical angulation, which i^as used to extend the yertical control, 
introduced yery smali cumulative errors.

Through the work of the United States Coast and Geodetic Sur- 
vey, the International Boundary Commission, the Alaskan Engi- 
neering Commission, and the General Land Office the precise altitude 
of a number of stations in Alaska is now known, and many of the 
later maps of areas in Alaska haye been based on these altitudes.

DEGBEE OF ACCtTEACY ATTAINED.

Table 5.—Accuracy of elevations determined with the telescopic alidade.

Distance
botween
points

(miles).

Ayerage 
number of 
readings.

Mean
yariation
between

computod
elevation

differences
(feet).

3- 5 4 1£
5-10 4 3£

10-15 5 6
15-30 7 21

The average cumulatiye error in yertical angulation in suryeys in 
Alaska has been estimated at not morę than 25 feet in 100 miles. In 
a recent suryey the error in 250 miles is but 60 feet, and as this error 
was distributed over about 100 stations the ayerage error per station 
is less than 1 foot.

Ali the main sources of error in yertical angulation can be elimi- 
nated or fairly well determined except tbose caused by refraction of 
lignt. The errors chargeable to other causes may be reduced to 
almost negligible ąuantities by careful and consistent manipulation



FIELD W ORK. 41

of the instruments. As errors due to refraction may be greatly 
reduced by employing ayerages of many angles, readings should be 
madę upon all yisible stations and control points froni the greatest 
possible number of stations.

STATION W ORK.

USE OF PLANE TABLE AND TELESCOPIC ALIDADE.

When the distance between two points and the true or assumed 
elevation of one or both of them have been determined the work of 
the piane table is mainly that of expanding the horizontal and yertical 
control in order that the photographs may accurately and readily 
supply all the information they contain. A detailed explanation of 
the station work with the piane table need not be given here. There 
are many points, however, in the use of the alidade which in order to 
obtain the best results reąuire constant watchfuhiess, and, moreoyer, 
these points the inexperienced topographer is liable to neglect by 
failure to realize their importance. Every possible check upon the 
work should be obtained as it progresses. Next to the task of keep- 
ing track of the almost numberless lines on the sheet the hardest is to 
locate the stations with uniform accuracy. The frosted celluloid is 
here of yery great yalue, for by its use the adjustment of the position 
of a station may be postponed until the weather is morę favorable or 
until additional control has been procured. The number of lines 
which must be drawn upon the plane-table sheet from stations is 
very much reduced by the use of the photographic method. It is a 
simple matter to retain in mind or to describe two or three dozen 
objects sighted. It is not necessary, therefore, to locate the station 
on the map before the lines are drawn, but they may be kept 
on the transparent celluloid until the topographer is ready to 
transfer them to the map. ‘ In tliis manner stations which at the time 
they are occupied can not be definitely located on the map are 
merely held for additional obseryations. Plane-table work should 
be done with all possible skill, for a failure to use every means of 
refuiement available reduces by so much the chance of keeping the 
errors in the negligible class.

SELECTTON OF STATIONS.

The most difficult feature of the field work lies in the selection of 
stations. The necessary number of stations and no morę should be 
chosen for the camera, in order that progress in the field work may be 
as rapid as possible. If the dependable reach of the photographs is 
known the task is to fhid the favorably situated peaks from which the 
greatest proportion of the surromiding topograpliic features can be
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seen. Experience łias shown that if all the stations could be loca- 
ted on commanding peaks all the data necessary in the photographs 
could bo obtained by selecting peaks from 8 to 10 miles apart. Un- 
fortunately the most prominent peaks are not so regularly placed, 
and many of them can not be ascended without special eąuipment for 
mountain climbing and a.n unwarrantable expenditure of time. As 
the topographer is thus forced to take less fayorable positions, he must 
keep track of those parts of the country which the camera has not 
photographed and must obtain the additional views at other stations. 
This feature will not only reąuire continual watchfulness but there 
will be a corresponding reduction in the ratę of progress on the map 
owing to the reduced efficiency in the stations. Ordinarily three in
terior stations will be reąuired to supply the data that can be ob
tained at one first-class summit. Where it is reasonable to assume 
that a morę fayorable peak can be climbed, the desirability of occu- 
pying it should be considered in the light of the time and energy 
necessary to occupy the three less fayorable stations.

In order to estimate the influence which the relative elevation and 
isolation of the station haye upon its yalue for the work a number of 
photographs taken from different eleyations haye been examined to 
determine the amount of information they supplied for constructing 
contours. The specimens were selected from reconnaissance suryeys, 
and estimates were madę for percentages of a unit of area whose 
radius was 5 miles. The results are shown in the following table:

T a b l e  6.—Relative value o f stations.

Sta
tion
No.

Relative elevation of station.
Average 

distance of 
higher por- 

tions of 
area (miles).

Percentage 
of area 

higher than 
station.

Percentage 
of area 

shown in 
photo
graphs.

Percentage 
of crests 
visible.

1 0 50 95
2 0 60 100
3 0 75 98
4 At mean of relief................................................... 4 40 60 70
5 .......do..................................................................... 3 20 40 30
6 At three-fourths of relief....................................... 2 10 42 50

The result of the exarnination is decidedly in favor of the highest 
peaks and most isolated points as against a greater number of points 
of smaller yisual rangę. Under ideał conditions where stations a few 
hundred feet higher than any other points in the circle could be 
chosen the ratę of daily progress would be about 200 sąuare miles. 
The difference between this figurę and the progress that has actually 
been madę suggests that the selection of stations deseryes all the 
attention the topographer can give to it. DifAculties met in trayeling 
haye a marked influence upon the ratę of progress of topographic 
suryeys, howeyer, so that the disparity between possible and actual
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results can not be entirely eliminated by selection of morę favorable 
stations.

In the examination whose results are given in Table 6, station 1 
Was situated at the edge of an intricate mountain mass, so that it 
embraced a wide valley on one side and many ridges and spurs on 
the other. It was isolated with respect to nearly one-half the area. 
The area shown in the photograplis is smali, but as most of the crests 
are visible the station should be rated as well selected. Station 2 
was surrounded by less complex topographic forms, so that though 
the ratios indicate morę efficient photograplis than those obtained at 
station 1, the actual number of points supplied by them was consider- 
ably less. Station 3 was well isolated and surrounded by country of 
simple topography. The high value of the photograplis taken at 
station 4 is due to the isolation of the station. The photographs 
taken from stations 5 and 6 have only between one-third and one-half 
the value of those taken at morę favorable locations.

USE OF CAMERA.

MANIPULATION.

The manipulation of the camera at the stations is simple. At 
most stations it is necessary to shift the camera to one or two near-by 
positions in order best to photograph the country. When the camera 
is moved to near-by points the directions and distances from the 
station to the substations are noted. As a rough guide to the photo
graphs the generał direction of the view must be known. Some 
known point mentioned as “ near center,”  or “ 20° from left edge”  
adeąuately indicates the relation of the negative to the map. The 
camera is equipped with guide lines on top which include a scope of 
120°. A mental notę is madę of distant objects in rangę with each 
of these lines for the camera’s position during the first exposure. 
For the second exposure the camera is turned to embrace the field 
where the first left off. For the third exposure, a test sight should 
also be madę as a check to see whether the field of the third view 
joins that of the first. A  compass may be used to turn off the angles 
between exposures, but it should be checked by the open-sight 
process.

The wind guys should always be used when the wind is 5 or 6 miles 
an hour or morę. Mountain tops are at all times subject to puffs of 
wind. The shortest time of revolution of the lens is several seconds 
and as the camera must be kept as stable as possible throughout 
the exposure, all precautions to that end should be taken.

Films should be put in and taken from the camera at the stations, 
for if a roli is left unsealed long it will absorb enough moisture to 
injure the emulsion. This precaution is especially necessary if the 
oxposed films are to be held several weeks for development or if



they are to bo resealed in the water-tight cans. Tho exposed film s 
should be repacked in the cans to protect thern, and tliis can not be 
dohe with safety unless the films are kept dry.

DETERM INATIONS OF DURATION OF EXPOSURE.

The most interesting part of the field work is to be found in the 
search for the proper duration of exposure. Different conditions of 
the weather, which cause nneąual lightmg, and a great rangę of 
subject in both kind and distance present exceedingly difficult ob- 
stacles to the attainment of uniform efficiency in negatiyes. Smoke 
is a serious impediment to topographic suryeying. Its presence in 
ąuantities may check phototopographic work entirely, and it always 
curtails the effectiye rangę of the camera. Its effect is perhaps 
even morę serious on phototopographic work than on the ordinary 
telescopic plane-table work. In generał, when the atmosphere is 
smoky the camera can not be relied upon for distances greater than 
one-third the rangę of the unaided eye. In other words, if the at
mosphere is smoky and topographic forms stand out unmistakably 
to the natural yision at a distance of 10 miles from the station the 
camera will not likely reach morę than 3 or 4 miles. In many 
rogions a morę or less smoky atmosphere is common, and the less 
freąuent clearer days should be utilized to obtain a fair number of 
longer-range negatiyes. With present-day facilities it is very dif
ficult to give to a single negative the proper exposure to obtain elear 
images both of details along near and dark slopes and of peaks 
15 to 30 miles away. On the brilliant days duplicates should in- 
yariably be taken, with a light eąuiyalent for the distant country 
about one-fourth that for the nearer. Films are so easily transported 
and the panoramie camera reąuires so little time to operate that 
wheneyer doubt is felt as to the result duplication should be the 
rule. One of the most advantageous features of the panoramie 
camera is that it permits an elimination of uncertainty in exposure 
because it can be operated rapidly and photographs covering the 
whole rangę of aperture may be taken in a very few minutes.

Attention should be directed to the great difference in the amount 
of light reflected from bare areas and from heayily wooded country. 
Dense timber absorbs much morę light, so that the exposure for 
timbered areas should be about eight times as long as that for the 
higher levels. In passing from bare mountains to timbered yalleys 
the photographer is likely to err in not making suflicient allowance 
for the inereased absorption. Furthermore, the atmosphere in 
yalleys is less elear and morę disturbed than that at the tops of the 
mountains. This condition gives rise to much interference of the 
light rays entering the lens; details are lost by the inereased haze, 
and inferior negatiyes result. In generał, the higher the position

4 4  USE OF PANORAMIC CAMERA IN  SURYEYING.
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of the camera, the better is the atmosphere for pliotography. Ex- 
posures słiould not be mado from tlie floor of a yalley or plain when 
these positions can be ayoided. Eyen a sbglit knoll will raise the 
lens aboye much of the unfayorablo atmosphere, and the higher 
the knoll the better will be the results. This rule liolds true upward 
to the liighest peaks. The photographer shoukl keep in mind these 
generał rules in order that he may be able to judge fairly well by the 
eyc what the rangę of his camera will be when he occupies stations 
in dilferent types of country and under different atmospheric con- 
ditions.

In determining the most favorable weather for photographic sur- 
yeying it must be borne in mind that the lens is to bo directed toward 
eyery point of the compass, so that a coudition which might be best 
for a yiew in one diroction will most likely bo poorly suitable for the 
landscape in the opposite direction. A typical coudition is that 
where a slanting sun casts shadows that accentuate slopes and 
gulches. The suryeyor can neither choose the time for exposure 
nor move his camera to catch the best lighting. Except within 
very narrow limits, wherever the sunshade permits, he must take 
photographs at all hours of the day, regardless of the position of the 
sun. That coudition which is nearost uniform oyer the country to 
be photographed is in generał the most favorable.

The following Schedule for classifying conditions of lighting has 
been found very practical:

Valuc.
Fair; no clouds or a few detached clouds; sun high...........................  1
Fair; in the direction of the sun when the sun is Iow..............................  2
Many detached clouds (reąuires two exposures).................................  1-4
Cloudy; landscape completely shadowed by thin clouds.................. 2
Cloudy; landscape completely shadowed by thick clouds..................  4
Stormy; rain and mist over portions of landscape................................  4-8

The first of these conditions is, until middle afternoon, the most 
fayorable for landscape photography. By lato afternoon, because 
of the greater radiation from the earth, the haze becomes too groat 
for the best work at long rangę, and very late in the afternoon the 
sun will dostroy images in its direction. Freąuently in the higher 
latitudes an excellent condition for photography exists immodiatcly 
aftcr sundown, when the shadows have disappeared and the light 
has bocome morę uniformly diffused. The presunrise glow olfers 
the samo advantages. The exposures at these tirnes should be about 
the same as for the lighting just before sunset or after sunrise.

The next most fayorable condition is that when a high stratum 
of clouds completely overcasts the country. If the atmosphere is 
then freo of smoke the camera’s rangę is practically as groat as during 
fair weather. If the clouds are gray there may be sonie difliculty in 
distinguishing very distant snow-capped peaks.
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Detachod clouds causo local difficulties by casting shadows that 
appear liko hillocks on the photographs. These shadows can usually 
ho dotected by comparison with companion views obtained on other 
days. Tho difllculty may be further lessened by taking duplicato 
exposures after sufficient time has elapsed to allow the clouds to 
shift their position. If detacbed clouds aro numerous, exposures 
should be mado both for the shadows and for tho sunlit areas. 
Exposuros mado under this condition give negatives of irregular 
rangę, yet little difllculty is experioncod in tbeir use for a rangę of 
5 or 6 miles or less. Beyond that distance some portions will be 
elear, but othors will be too uncertain to fumish accurato information.

During stormy weatber tho camera work is hampered to a serious 
degree. Eain and mist even in very slight ąuantities form impene- 
trable screens to photography. The only recourse is to duplicato the 
exposures by watebing for cbances between showers. Allowance 
should be madę for a greatly reduced rangę.

The following table showing records of exposures is inserted as a 
guide in the use of caiculators or meters:

T a b l e  7.—Records o f ezposures in latitude 62° N.

Datę.
Eleva-
tion

(feet).
Hour. Weather. Subject. Direction. Stop.

Time
(sec-

onds).
Remarks.

June 20 6,000 11 a. m .. Fair....... Dark mountains 
w i t h  much 
snów.

Southwest. F 8 V* Screen with fac? 
tor 32.

20 6,000 11 a. m .. ..do...... .......do.................. North....... F 11 1/5 Do.July 10 
Aug. 15

5.700
5.700

F 6. 3 V*
Vs

Do.
Do.3 p .m ... .. .do...... Dark mountains. North....... F 6. 3

18 6,200 2 p. m ... ...d o...... Dark mountains 
w i t h  much 
snów.

South....... F 8 y» Do.

Sept. 13 5,400 4 p. m ... . ..do...... Dark mountains. East......... F 6.3 1/2 Do.
15 1,000 10 a. m .. Densely 

clond y.
Dark valley slopes F 6.3 . 1 Do.

22 At sea 
level.

9 a. m ... Fair....... Partly timbered 
dark slopes.

Northwest F 6.3 1/7 Do.
Oct. 5 ...d o ...... 2 p. m ... Densely

cloudy.
Mountain tops 

powdered with 
snów.

South....... F 6.3 ih Do.

5 ...d o ...... 2 p. m ... ...d o ...... Dark timbered 
slopes.

Timbered slopes 
and valley.

. ..do.......... F 6.3 2 Do.
1 3,000 5 p. m ... ...d o ...... . . .d o ..... . F 6.3 1 No screen.
1 3,000 5 p. m ... ...d o ...... Snów - covered 

mountain tops.
...d o .......... F 8 V* Do.

ATJXILIARY CAM ERAS.

Surveys with the panoramie camera are greatly facilitated by the 
employment of one or two auxiliary cameras, especially if a route 
must be rapidly traversed and as great a scope of country mapped as 
possible, wbich is a common condition in reconnaissance suryeys. 
Panoramie photographs have a greater value here than those of all 
other types in that they show readily and accurately the position 
from which they are taken. As a check telescopic readings are madę 
upon as many of these subsidiary camera stations as can be obtained. 
The practice as pursued in Alaska has been to employ two cameras
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in the topographic party. The photographer then makes daily trips 
on one side of the course travelcd and the engineer and assistant 
work on the other side. The two cameras should commonly occupy 
stations from 5 to 10 miles apart in order to cover the maudmum 
area, though they remain near enough together to close up the 
stretches between. The width of country which can thus be embraced 
in the map is nearly double that which the engineer alone could cover. 
A third camera would considerably increase the daily area, though 
not quite in the same ratio, except in regions of unusually favorablo 
topography.

The photographer is eąuipped with a camera and all the necessary 
detaclied parts, a tripod, a 12-inch plane-table board, a 10-inch open- 
sight alidade, a compass, an aneroid barometer, and a notebook. 
He travels alone and carries a pack which weighs about 30 pounds. 
Besides taking the usual number of photographs at his stations lie takes 
half a dozen or morę sights at other stations and prominent pealcs, on 
frosted celluloid with the open-sight alidade on the smali board. 
The barometric elevation is also recorded, and when he doubts that 
the photographs will show the shape of the mountain occupied he 
sketches a few contours close about it. Lastly, he should indicate 
briefly those portions of the area within a radius of 10 miles which 
the photographs cover. The sights taken at his stations, though 
not essential in establishing the positions of the stations on the map, 
have immediate value in indicating where the topographer should 
look for those stations and in the selection of futurę stations. The 
sketches of the country photographed from the stations help the 
topographer in choosing stations for succeeding days. The degree 
of success which the photographer attains with his work depends on 
his aptitude as a mountaineer, topographic sense, hardiness, and 
ability to retain a correct mental picture of the country he sees. 
Experience in topographic surveying tends to develop all these 
ąualities, and therefore such training, though not essential, is helpful 
to the photographer. Likewise, familiarity with cameras aids to a 
considerable degree, yet the manipulation of the panoramie camera 
can be readily acąuired by all who have a proper appreciation of the 
accuracy demanded in surveying instruments.

By alternating from side to side the topographer can keep track of 
the photographer’s stations and the scope of his photographs and thus 
determine the progress of the work. Consultations over the progress 
sketch will then elear up the doubtful spaces.

The following records of a photographer’s work on four consecutive 
days indicate in another way the naturę of his task. The records 
are typical.

July 25.—1On this day camp was moved 8 miles. Left morning eampat 6.30 a. m .; 
arrived at evening camp at 5.45 p. m .; distance traveled 14 miles. Altitude climbed 
during the day, 3,500 feet. Number of stations occupied, 2. Time spent on stations,
3 hours Number of photographs taken, 12. Sights taken to 15 points; slight sketches.
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July 26.—Time between camps, 13 homs Distance traveled, 11 miles. Altitude 
climbed, 2,700 feet. One station occupied. Time of occupation, 5 hours (deląyed 
for weather to improye). Four photographs taken. Thirteen sights and sketch. 
Camp moved 6 miles.

July 27.—Camp not moved. Left camp at 4 o’clock a. m. and returned after G p. m. 
Distance traveled, 10 miles. Climbed over 6,000 feet and occupied 4 stations. Six- 
teen exposures but no sights Time on stations, 3 hours and 40 minutes.

July 28.—Camp moved 9 miles. Time between camps, 10 hours. Distance trav- 
eled, 15 miles. Altitude climbed, 4,000 feet One station and 2 substations occupied. 
Eight exposures. Time on stations, 2J hours (delayed by wind). Eight sights and 
sketch.

DEVELOPMENT OF FILMS IN  TH E FIELD.

As soon as possible after field oporations have been started a few 
films sliould be developed to ascertain tlić results tbat are being 
obtained in the negatiyes. A fair-sized tent should bo available for 
the work of deyelopment, and in high latitudes this tent should be 
heated, in order that the deyelopment may be carried on satisfac- 
torily during stormy weather, when regular work at stations is intcr- 
rupted. The wiiter has used the camp’s cook tent, size 10 by 12 feet, 
which was satisfactory for deyeloping a smali number of films at a 
time, but in order to deyelop a large number of films a tent should 
be provided for that purpose. Whether the extra tent is to be taken 
should dcpcnd on the means of transportation and the length of time 
which would elapse before the exposed films could be got to head- 
ąuarters for deycłopment. Fresh films can bo kept several months 
after exposure without noticeable deterioration, proyided they haye 
been kept dry.

The strength of the deyeloping solution and its temperaturę should 
be accurately known when the film is deyeloped in order that the 
deyelopment may be properly timed. The temperaturę of the solu
tion should preferably be near 65° F. and never above 70°. After 
deyelopment the film is rinsed in cold water eight or ten times before 
removing it from the tank. Ali water used for Solutions, rinsing, and 
bathing should be elear and free from matter in suspension.

Until the film has been passed through the fbdng bath it will be 
affected by light. However, the effect of subdued daylight upon the 
film during the change from the deyeloping tank to the fixing bath is 
so slight, when the operation is done ąuickly, that it may be safely 
accomplishcd outside a dark room. Negatiyes which haye thus been 
changed in a white tent on cloudy days have not been noticeably 
affected. While in the fixing bath the films should be shaded or 
ćoyered until the fixing solution has -begnn to act. They may then 
be drawn through the bath by raising and lowering while being held 
at the ends. This process will insure uniform action of the fixer.

It is highly important for the films to be thoroughly washed after 
fixing. This can be readily and effectively done by stretching them 
horizontally in a pool of a stream where there is little current. In
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putting the films in the pool and removing them care should be taken 
not to stir up the sediment in the bottom of the pool or in the stream 

’ above it. The films should remain in the water half an hour. If 
they are washed in basins the water should be changed four or five 
timos and the films allowed to remain immersed for an hour or morę.

The films are hung up to dry by elips and anchored to the floor 
from the lower end. The temperaturę of the tent should not be 
allowed to go above 80° F. while the films aro drying. Noncurling 
films will twist and curl while they are drying but will llatten out 
when complctely dry.

When dry the developcd films are labeled according to roli and 
exposure number and then cut. They should bo packed fiat. In 
order that intelligent judgment may be passed upon the resulting 
negatiyes, some skill must be attained in appraising their ąuality. 
The negatives are examined for density, definition, and clearness in 
details. If possible, a sample negative embracing a broad landscape 
should be kept for comparison. This should be one from which the 
clearest possible prints have been obtained. Notes are madę for 
guidance in making futurę exposures.

T R A Y E R S E S .

Roads, railroads, and trails have not been built oyer any great 
extent of Alaska, and hence in the reconnaissance suryeys the time 
necessary to make traverses of these features is yery slight. The 
few trayerses necessary can be executed without instruments in 
addition to the regular eąuipment. In the morę detailed suryeys, 
howeyer, roads, trails, and many of the stream courses reąuire 
trayerses of some character in order that they may be placed upon 
thc map with accuracy. The camera can seldom photograph morę 
than portions here and there of such features, althougli localities 
Where trails zigzag up a slope aflord unmistakable subjects for its 
Work. The camera is relied upon to locate and fumish the elevations 
of a sufficient number of points to control the trayerses.

The method of executing the trayerses depends on the character of 
the feature to be traversed, the relief, and the degree of accuracy 
desired. Under favorable conditions, such as are found in trayersing 
a railroad or a good road, the best results can be obtained by stadia or 
micrometer, the elevations being carried along by yertical angles. 
In a rough country over trails or poor roads and along smali streams 
another method is usually employed, which is morę practicable, 
permits greater speed, and, if properly controlled, gives results of a 
refinement commensurate with the ruggedness of the country. 
Distances are obtained by a linę (cord or linen tape) and the aneroid 
supplies the elevations. The work of the magnetic needle and tape 
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in these trauerses is commonly much morę satisfactory than that of 
the aneroid. This instrument is liable to eccentric errors, which 
necessitate a continuous watchfulness in its use. The smaller 
tripod and board here supplement the larger instruments. For 
brush work a board about 7 incbes sąuare, or no larger than is neces- 
sary to contain the work of one day, is advantageous.

The extent of traverses is shown by the red lines on the Port 
Valdez map (PI. I, in pocket).

TJSE O F P A N O R A M IC  C A M E R A S  A B O A R D  SH IP .

The field season of 1916 afforded an opportunity to use the pano
ramie cameras aboard a launch in the sheltered fiords of Prince 
William Sound, Alaska. The mountains there rise rather abruptly 
from the water’s edge, and their tops reach elevations ranging from 
2,000 to 10,000 feet. The conditions were, therefore, unusually 
fayorable for this work. A 40-foot gasoline launch was used for the 
cruises and two cameras were mounted on a stand with gimbal rings 
(PI. V, A, p. 32). The stand was madę of wood and stood about 3 
feet high. The gimbal rings were madę of cast brass and the bearings 
were wedge-shaped. A brass tubę 2 feet long was suspended from 
the center of the inner ring to support a stabilizing weight. In order 
to reduce the sensitiyeness of the gimbals it was found desirable to 
attach fourstiff coil springs to the lower end of the tubę andstretch 
them to the legs of the stand. Three short brass posts formed a 
support for a circular top piąte which could be rotated in any desired 
direction. The circular piąte was madę of 1-inch pine boards, and 
a slotted brass ring piąte was screwed to its under side to receiye the 
heads of the posts. At the rim of the circular piąte and spaced 120° 
apart were fastened two upright wooden posts haying brass plates 
on top similar to tripod heads. To these plates were screwed tri- 
angular adapters, and the leveling screws of the cameras rested in 
the adapters as when mounted on tripods. A bag of shot about 
equal to the weight of one camera was placed on top of the circular 
piąte to counterbalance the weight of the cameras. The cameras 
were adjusted in position so that when exposures were madę a fcw 
degrees of the horizon were included in both negatives. The cameras 
were loaded and madę ready for exposure before mounting. After 
they were mounted in the adjusted positions the engine was sliut off, 
and they were leveled as carefully as the oscillations of the boat 
permitted. Exposures were then madę at the moment when the 
moyement of the boat seemed least. At the time of exposure all 
men aboard remained still and in selected positions, and the boat was 
kept on a given course. The maximum speed of the boat was 6 
knots, and at the time of exposure this was usually reduced to about 
2 or 3 knots.
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The scalę of 1:90,000 was used in the field for plotting the eon troi 
stations and adjusting the traverses of the survey, but in the office 
compilation the map was drawn on the scalę of 1:180,000, with 200- 
foot contours. The survey covered about 2,000 square miles of terri- 
tory and included 562 miles of stadia, micrometer, and tape traverses. 
The launch was run about 220 miles, and 220 pairs of photographs were 
taken during the cruises. The time spent in running was 58 hours. 
Furthermore, in order to expand the triangulation system from the 
points supplied by the United States Coast and Geodetic Survey, 42 
plane-table stations and, in addition, 62 camera stations on land were 
occupied. These stations supplied a sufficient number of secondary 
points to establish the positions of the boat at the moments of 
exposure. These positions were determined by the use of transparent 
celluloid sheets, as described under the heading “ Station work” 
(p. 41). The negatives resulting from the exposures aboard the 
launch were on the whole very satisfactory, but could have been 
improved by the use of a larger boat, which would not have been so 
greatly affected by swells.

The photographs reproduced in Plates VI and VII were taken from 
the moving launch and are part of a series that covers a certain land- 
scape. As the horizon linę (in these vicws the shore linę) is slightly 
curved, measurements for altitude were madę from the shore linę 
immediately under the points sought instead of from a horizon 
indicated at the edges of the photographs. In generał these measure- 
tnents are reliable when the definition of the image is good.

There are three sources of error incidental to the use of the pano
ramie cameras aboard ship, which are thus classified:

(1) Errors due to the forward moyement of the boat at the time of 
exposure. The time reąuired for exposures is about 5 seconds. 
The speed of the boat should therefore bo reduced according to the 
scalę employed for the map, so that the amount of dispiacement of 
the boat during exposure will not affect the graphic plotting of 
positions. If the scalę is a mile to the inch, 25 feet may be assumed 
as the limit, for this error. For this scalę, therefore, the speed of the 
boat should not bo allowod to go much beyond 3 miles an hour.

(2) Errors due to the ship swinging off course. To obtain accuracy 
in graphic plotting by the use of photographs on the scalę men- 
tioned it will be necessary to keep the course of the vessel within 5' 
of arc in order to use points that are as far as 10 miles from the 
camera. For less distances the limit may be inereased in proportion. 
Except when the beam wind is blowing, little difficulty will be 
experienced in fulfilling this reąuirement.

(3) Errors due to the oscillations of the boat. These errors are 
the most serious, and their amount will depend on the
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points and their distances from the cameras. As shown in figurę 5, 
where a = half the angle of oscillation, x = the amount of displace- 
ment of the image of the point due to oscillation, v =  the vertical dis- 
tance of the point above the horizon, /= th e  focal length of the 
photograph, d =  the map distance from the camera to the point, and 
e = the allowable error at the distance d, we shall have

x = v tan a

and from the similar triangles the proportion

whence
f :v  tan a = d:e

, f i
tan a = vd - (1)

As an extreme example, a point 10,000 feet high, which appears in 
one of the views shown in Platę VII, will serve to determine the an- 
gular value allowable for oscillation of the boat when the scalę is a 
mile to the inch. The image of this point, which is the highest in the 
area photographed from the boat, is 1.42 inches above the horizon. 
The photographs used have an average focal length of 5.3 inches. 
Therefore, if v is 1.42 inches d will be approximately 7.25 inches (the 
point is 7.25 miles from the camera). The limit of error that would 
be allowable in the radial linę from the camera to the point is 0.005 
inch. Applying these valuos to eąuation (1), we have

tan 49 x 7 i 5and 0 = 9 (approxnnately).

Therefore tlio maximum angle which is allowable for oscillation of 
the boat, when the scalę is to be a mile to the inch, may be taken as 
approximately 18' of arc. The level bubbles used on the cameras 
should bo graduated far enough each side of the center to indicate 
when this limit is reached.

The photographs obtained from a boat in the manner described 
have certain adyantages and limitations. By the use of the cameras 
aboard a boat it is possible to obtain photographs from positions 
which otherwise could not be utilized. Along much of a bold coast 
linę, such as is typical in certain parts of Alaska, these photographs 
will be adeąuate, with the necessary control and traverses, to com- 
plete the topographic survey of a considerable strip of land adjacent 
to the shore. Often, however, in order to obtain all the information 
necessary to complete the survey, it will be necessary to supplement 
the marinę photographs with others taken from summits. However, 
the number of stations that must be madę on land will be few, and 
they can be definitely determined at the time of the cruises in order
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to be most useful. By utilizing to the fullest possible extent the 
smali number of fair days in those regions of the coast where misty 
and rainy weather prevails the method promises to be particularly 
Yaluable. In the field work 
of 1916 about 40 per cent of 
the weather was unsuitable 
for either station work or 
photography, but the delay 
on account of weather was 
negligible, for the station 
and photographic work was 
kept well ahead of the tra- 
verses, and these were run in 
almost all kinds of weather.
It is probable that in simi- 
lar surveys the method will 
allow the field work to prog- 
ress unhampered during sea- 
sons when u n fa v ora b le  
weather runs as high as 60 
per cent.

The rangę of the photo- 
graphs taken aboard ship is 
not so great as that of 
photographs taken inland, 
for the reason that the oscil- 
lation of the boat will pre- 
Tent sharp definition in 
images of very distant points. However, if the defects due to the 
ship’s motion, as stated aboye, are reduced as suggested, there 
should be little difficulty in using points 12 to 15 miles away.

F ig u r ę  5.—Limit of oscillation of boat carrying panoramie 
cameras during exposure of the films.

O FFIC E IN S T R U M E N T S .

P A N O R A M IC  P H O T O -A L ID  A D E .

If the straight linę AB in figuro 6 represents the rectified arc RR/ 
of a circle which subtends the angle X , then any part of AB, as AP, 
will, if measured along the arc, subtend an angle B, which may be 
thus expressed:

R A P X
b = a b x

If, therefore, the point P in trayeling from A to B can be madę 
to rotate a radial arm about O through the angle x, the arm will 
indicate the direction from O to any point on AB at which P may 
stand. Now, AB may be considered as representing the horizon linę 
of a photograph obtained with a panoramie camera and ROR' a
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horizontal section of the camera containing the optical axis. Then, 
if the photographs were all of the length AB, a simple mechanism 
which maintained the relation indicated would supplj the direction 
of any point of a photograph with reference to some other point of 
the photograph. As a matter of fact, although photographic paper 
prints madę from the same negative run closely to a common size, 
there is a slight yariation. Furthermore, such a mechanism should 
be suitable in both damp and dry weather, not only for prints madę 
from numerous negatives obtained in a single camera but for those 
of several cameras eąuipped with lenses of slightly different focal 
length.

To meet these conditions the device must be adjustable. If, 
therefore, in figurę 6, the photograph has a length AB' greater than

AB, the instrument may be “ broken”  at the middle, so that in 
hinging on the axis passing through that point the end B ' can be madę 
to fali at B, and the triangle ACB thus formed will be an isosceles 
triangle. The effective length of the photograph will now equal the 
arc R R ', and if, as the point P moves along AB, perpendiculars to 
AB are drawn from P to intercept the broken linę ACB, as P P ", the 
radial arm OP' will indicate the direction of the point P "  from O. 
This relation may be shown as follows:

AC is prolonged to meet at D the perpendicular to AB erected 
at B. Then CD = CB and the two similar triangles A P "P  and ADB 
give the relation

AP : A P "= A B  : AD (A D  = AC + CB)
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Platę VIII shows the instrument tliat was devised on the principles 
explained above to obtain upon the map sheet directions of points 
contained in panoramie photographs. In order to impart the rotary 
motion to the radial arm, the circle to which the arm is fastened has 
teeth which engage with a moyable straight-line rack. The rack is 
moyed distances eąual to the spaces between points on the photo
graphs, and the arm attached to the gear wheel is rotated through the 
angles which those spaces represent. The photographs are contact 
prints, not enlargements, but they yary a little in length and width. 
Furthermore, the lenses differ slightly in equivalent focal length. In 
order to take oare of this rangę in sizes of prints, the gear wheel is cut 
with a radius a fraction of an inch less than the focal length of the 
sliortest prints, and the frame, which hinges at the middle, can be 
“ broken”  by means of the screw at the extreme right of the instru
ment, so as to cause the ends of the photograph to rest at a distance 
apart which will give the camera’s fixed angular scope (approxi- 
mately 126°). The linę of sight is at right angles with the linę of 
the rack and the horizon linę, so the two last-mentioned lines are 
parallel. The gear wheel reyolyes around a point which represents 
both the optical center of the lens and the camera station. A 
centering device is arranged so that this point can be placed over the 
position of the station on the map. Furthermore, in order that the 
photograph may stand in a position convenient for sighting, the frame 
which hołds it is inclined at an angle of 30° to the yertical.

R O T A R Y  S C A L Ę .

The instrument that has been constructed to expedite the measure- 
ment of distances of points above or below the horizon linę on the 
photographs is shown in Platę IX . It consists of a moyable trayeler 
which carries a taut wire stretched at right angles to the direction of 
moyement. At one end of the trayeler is placed a rotary dial, which 
is geared to a rack attached to the trayeler. Moyements of the 
trayeler are registered on the dial. The dial is graduated to hun- 
dredths of an inch and can be read approximately to five-hundredths 
of an inch. A base piąte is proyided in order that the frame which 
carries the mechanism may be clamped to. it so as to hołd the photo
graph in place. The dial is revołved until it registers zero; then the 
photograph is inserted and the wire placed along the horizon linę. 
The clamp is thrown on and readings are noted. The factors ob- 
tained by use of this instrument are employed along with the cor- 
respondmg map distances to obtain differences of eleyation.
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E L E V A T IO N  C O M P U T E R .

Figurę 7 shows the device employed to determine differences in 
eleyation between points on the map. The principle of this deyice is 
that the series of triangles formed in the camera are similar to the 
corresponding series existing in space at the station. In the camera 
the focal length of the lens is homologous to the horizontal distance 
from the station to the point, and the distance that the image of the 
point lies from the horizon linę is homologous to the difference in ele- 
vation between the station and the point. Whence comes the formula

YDDifference in eleyation =  -jy-

in which V is the ąuantity obtained from the photograph, D the map 
distance, and F the focus for the photograph. The apparatus, 
tlierefore, has two horizontal scales, which are laid on a single linę

in the piane of the horizon, and two yertical scales, which are laid 
at right angles to this linę. The pivot point P represents the sta
tion and the optical center of the photograph. The yertical scalę 
marked V represents the photograph, and the other yertical scalę 
represents the point whose eleyation is sought. The distance from 
the piyot point to the scalę marked V is taken as equal to the focal 
length of the photograph, or some multiple of it, and the scalę V 
is graduated to correspond with this relation. The scalę D is as- 
sumed as a convenient ąuantity, and the scalę DE is madę to cor
respond with it. The yertical scales read zero at the horizon linę. 
The thread is set at the ąuantity V on the scalę V, the scalę DE is 
brought to the point on the scalę D which reads the distance as 
scaled from the map; and then the difference in eleyation is read
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from the scalę DE. If the focal distance and the scalę V are doubled 
and the two remaining scales are 1:48,000, tlie diflorcncos in eleva- 
tion can be read to 10 or 15 feet, and the proportions will reąuire a 
board about 14 by 18 inches.

L O G A R IT H M IC  P L O T T E R .

A logarithmic plotter, which is to be constructed, has been designed 
in order to obtain an instrument which will furnish tho eleyation as 
well as the location of any point common to two panoramie photo- 
graphs, which can be set up together in proper relation to each other 
and to the map. The instrument involyes the use of four logarithmic 
spirals, which aro arranged in pairs, and each pair of spirals will serye 
to register upon graduated drums the difference of eleyation between 
the stations and the point; a trayeling pencil will indicate the posi- 
tion of the point. The work which will thus be done is the solution 
of the eąuation

Difference in eleyation = -̂ jjr

as explained under the heading “ Eleyation Computer”  (p. 56). It 
is furtkonnoro expected that, to a slight extent, contours can bo traced 
directly with tho instrument and that outlines of bodies of water 
and courses of streams can be obtained very rapidly.

O FFIC E W O R K .

P R E P A R A T IO N  O F M A P  S H E E T S .

The map is compiled either on tho field sheets or on fresh sheets. 
If considerable sketching has been done in the field it will be morę 
satisfactory to complete the map on the field sheets unless local 
errors in the plotting of the stations are found to exist in the scheme 
of horizontal control. It will not be necessary to replot the control 
points if the error is merely one of scalę, for the maps are publishod 
on a reduced scalę, and any consistent error can be taken into account 
in the reduction process. If opaquo celluloid has been used in the 
field the compilation is usually madę on fresh sheets of double- 
mounted calendered paper. It is desirable, though not necessary, to 
have the map on a single sheet. A sizo greater than 24 by 36 inches 
is inconyenient to handle, so the office sheets used are not larger 
than those dimensions. The triangulation points are plotted and all 
the necessary eleyations computed before the work on the photo- 
graphs is commenced.

The map projection, which consists of the latitude and longitudo 
lines, may be drawn on the sheets either before or after the map has 
been compiled, but it is morę satisfactory to have it done in adyance 
of the compilation, chiefły because of the aid which the projection
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lines givo in the plotting of control points and because of the con- 
traction or expansion likely to take place while the map is being 
drawn, which would necessitate a computation of projection values 
for an irrational scalę.

P R E P A B A T IO N  O F  T H E  P H O T O G R A P H S .

Contact prints are madę from the negatives on sheets large enough 
to allow sufficient margin at the edges for them to be trimmed to the 
size necessary for use in the photo-ałidade. The trimming is done 
with a sharp knife on a glass piąte. A second glass piąte is employed 
for the double purpose of regulating the size of the photographs when 
trimmed and of supplying straight edges for cutting. It is of the 
dimensions desired for the photographs and has smooth, parallel 
edges. It also carries marks which serve as guide lines in placing it 
over the untrimmed photograph. The photographs are trimmed and 
then labeled with their proper station numbers. A group is selected 
for immediate work, and these photographs are compared to identify 
and mark the control points and numerous other points common to 
two or morę of them. The amount of marking necessary will depend 
on the scalę of the map and the character of the topography. The 
photographs are then ready for use in the photo-alidade and the 
rotary scalę.

The film must be in uniformly close contact with the paper in 
printing and the timing must be as nearly correct as possible. The 
printing should therefore be done by one who is skillful in judging 
the capacity of the negatives. Several photographs should be 
tested for dimensions to make surę that the contraction has been 
uniformly distributed, and warped prints should be discarded. 
Under uniform atmospheric conditions photographs from a single 
camera measure closely to an average size, so that if the contour 
interval is not smali a common focal length may be used for the set 
without introducing errors large enough to interfere with the proper 
placing of contours.

For convenience in work and consistency in dimensions “ printing 
out” papers which are unglazed or only slightly glazed have been 
found most satisfactory. The paper should be fairly heavy and of a 
kind that can be dried without “ sąueegeeing.” An examination of 
many photographs gave a maximum variation between length and 
width of 0.5 per cent and an average of 0.1 per cent. The changes in 
print sizes may therefore be considered as uniform, and the decrease 
in width will be practically proportional to the decrease in length.
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U S E  OF T H E  P H O T O -A L ID A D E .

The reąuirements necessary for the use of the photographs are (1) 
that the camera station and the direction to at least one point in a 
photograph must be previously ascertained, or (2) that if the position 
of the camera is nnknown, four or fiye known points must be included 
in a set of photographs taken at one station. The photo-alidade, 
therefore, in the second contingency, serves to locate the position of 
the station. For the location of the station from the photographs 
the known points should be distributed around the horizon, though a 
location can be satisfactorily obtained from one photograph if the 
position of the camera is favorable with respect to the known points. 
The locations are madę on sheets of transparent celluloid, so that the 
method is merely an adaptation of the well-known tracing-paper 
method.

When the position of the station has been determined, a photo
graph is adjusted in the frame of the photo-alidade, as shown in 
Platę VIII, and a known point is sighted. The instrument is then 
centered over the station and the edge of the revolving arm is brought 
into linę with the direction of the point sighted. The photograph 
will now be in orientation on the map, and the marked points are 
sighted in order that lines may be drawn in their directions. The 
lines are labeled to correspond with the marks on the photographs. 
Companion photographs from other stations supply the cross lines 
for intersection, just as in the plane-table method.

The accuracy of the position of a station when determined from the 
photographs is quite sufficient for all local work, for it is of about the 
same degree as that obtained with an open-sight alidade in the field, 
but positions of stations should not be rełied upon for extension of 
control. The points in the photographs sighted for the location of 
stations should be well defined. One of them should be far enough 
away to establish a satisfactory orientation. The photographs used 
for obtaining the position of a station should be taken from the same 
spot.

Platę X  shows a traverse of a shore linę which was mapped from 
the accompanying photograph. The position and elevation of the 
camera above the bay were determined in the field. The photograph 
was set up in the photo-alidade, so that the directions to numerous 
points could be drawn. At the same time a duplicate photograph 
Was used in the rotary scalę (PI. IX , p. 56) to supply the vertical 
factors of the points as they were sighted in the photo-alidade. 
The elevation Computer (fig. 7) then supplied the distances, which 
were plotted as the sights were taken. In this use of the photograph 
the reverse of the process of obtaining differences of elevation was 
employed—that is, the yertical factors as obtained from the photo-



60 TJSE OF PANOEAMIC CAMEEA IN  SUKYEYING.

graph and the difference in elevation being known, the rotary scalę 
was manipulated with respect to these two known ąuantities to supply 
the distances.

In Platę X  the photograph is placed near the traverse rather than 
in the photo-alidade in order to show better its relation to the shore 
linę as mapped. Certain points are labeled on both the photograph 
and map in order that the connection may bo easily followed. If the 
difference of elevation between the station and the point sought is as 
great as 600 feet to the mile, corresponding to an angle of depression 
of about 6°, this method supplies distances sufficiently accurate for 
the scalę of 1:48,000.

The triangles indicate stations for control that were occupied with 
the piane table, and the tangent lines represent sights that were taken 
from them. These lines supply a measure of the accuracy of the 
traverse of the shore linę. As a further test the shore linę as traversed 
by the United States Coast and Geodetic Survey on a scalę of 1:40,000 
is shown in Platę X , reduced to the scalę of 1:48,000, beside the linę 
obtained from the photograph.

D E T E R M IN A T IO N  O F  E L E V A T IO N S .

Table 8 is a sample of the form in which tlio notes for determining 
elevations are kept. The focal length of the photograph is given in 
the first column and the station number in the second. The third 
column indicates the points upon which readings are to be madę. 
Keadings from the rotary scalę are entered in the fourth column and 
the distances taken from the map in the fifth column. From these 
ąuantities the differences of eleyation, which reąuire correction for 
curvature and refraction, are obtained by means of the eleyation 
Computer.

The results shown in the table indicate the degree of accuracy 
obtainable from the photographs. The yariations of the sets of 
elevations are due principally to the fact that the measurements are 
madę without the aid of precise micrometers.
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COMPANION PHOTOGRAPHS TAKEN FROM STATIONS 60 AND 61, COVERING PORTION OF PORT VALDEZ DISTRICT, ALASKA.

See Plates I and XI.
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T a b l e  8 .—Notes on elevations obtainedfrom photographs.

Focal 
length of 
photo- 
graph.

Station
from
which
photo
graph
was

taken.

Label of 
point 
read 

upon.

Vertical 
factor, 

measured 
from hori
zon linę 
of photo
graph to 
image of 

point 
read 

upon.

Distance 
of point 

from 
station.

Apparent 
difference 
of eleva- 

tion.

Correc- 
tion for 

curvature 
and re- 
fraction 

(+ ).

Corrected 
difference 
of eleyar 

tion.

Eleyation 
of station 

as cor
rected.

Mean
eleya
tion.

Inches. Inch. Miles. Feet. Feet. Feet. Feet. Feet.
5.32 9 i f 0.170 4.11 690 14 704 3,995 \
5.32 8 i 4-7 \ .420 3.85 1,600 13 1,613 4,013 V 4,006
5.32 12 1 | .290 4.99 1,430 19 1,449 4,010 l
5.32 9 1 ( .120 3.77 450 13 463 3,754 i
5.32 8 1 4-8 { . 390 3.50 1,350 12 1,362 3,762 } 3,768
5.32 12 I ( .270 4.50 1,210 16 1,226 3,787 1
5.32 9 ] 4-9 | .125 3.34 410 u 421 3,712 i
5.32 8 { .440 3.05 1,330 10 1,340 3,740 } 3,735
5.32 12 J l .300 3.96 1,180 13 1,193 3,754 1
5.32 9 } \ .185 5.51 1,010 22 1,032 4,323 i
5.32 8 1 4-10 \ .375 5. 21 1,940 20 1,960 4,360 [ 4,338
5.32 12 1 [ .315 5.60 1,750 22 1,772 4,333 1
5.32 34 ( .110 5.55 600 22 622 6,432
5.32 32 -.7 5 14.20 -1,055 120 -935 6,245
5.32 38 Sta.35 \ .190 10.10 1,800 63 1,863 6,235 [ a6,313
5.32 39 .155 16.06 2,465 152 2,617 6,350
5.32 23 l .30 15.90 470 150 620 6,304

5.33 52 Sta. 65 .050 9.15 450 52 502 3,909
5.33 52 Sta. 55 .260 6.30 1,620 27 1,647 3,896
5.33 52 Sta. 70 .085 11.70 990 83 1,073 3,866
5.33 52 Sta. 50 .035 8.95 310 50 360 3,880 &3,902
5.33 52 Sta. 17 .300 5.60 1,660 22 1,682 3,924
5.33 52 Wick. .135 13.46 1,800 109 1,909 3,921
5.33 52 Sta. 48 .120 11.55 1,370 81 1,451 3,909

a Elevation of station 35 as determined by telescopic alidade, 6,320 feet. 
b Eievation of station 52 as determined by telescopic alidade, 3,906 [eet.

The application of the motliod is illustrated by the map shown in 
Platę X I and the photograph shown in Platę X II, labeled “ Sta. 60.” 
If the distance, D, from station 60 to any point, as that marked d, is 
scaled and the vertical factor, V, obtained by measuring the height 
of the point above the horizon linę (indicated by the horizontal lines 
of the notches), a calculation may be madę to determine the elevation 
of the peak by using the formula

TTDifference in eleyation = -

The elevation of station 60 is 3,408 feet, V measures 0.80 inch, D 
scales 3.57 miles, and F is 5.32 inches, whence

X 3.57 X 5280
Difference in elevation = 5.32

12

= 2,830
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Calculation o f elevation o f  point sighted.

Difference in eleyation obtained from photograph..........
Correction for curyature and refraction..............................

Feet.
2, 830 

12

True difference of elevation.................................................................... 2, 842
Elevation of station 60.............................................................................  3,408

Eleyation ofpeak “ d ” ............................................................................. 6,250

AD JTJST M E N T O F T R A V E R S E S .

Trayerses may be adjusted to the map either in the field or in the 
office if they are on the same scalę as the map, but if they are on a 
different scalę it will be morę satisfactory to adjust them in the office. 
In surveys on the larger scalę the trayerses are run on the scalę of the 
map, but in reconnaissance surveys it is morę conyenient to run the 
trayerses on a scalę greater than the scalę of the map. For instance, 
if the station work is done on the scalę of 1 : 180,000, the scalę of 
1 :90,000 is used for the trayerses. It is then necessary to reduce 
the trayerses to the scalę of the map, and this is ordinarily done by 
photography or the pantograph, photography being used if the tray
erses are extensive. Distances between known points common to 
both map and trayerse sheets, rather than the nominał scales, are 
used to determine the amount of reduction. In the “ celluloid 
transfer,”  now largely in use, carbon images of the trayerse lines are 
printed on thin, transparent celluloid in such a way that they may be 
transferred rapidly to the map by burnishing. This is done by 
photography and has great yalue because of its accuracy and rapidity. 
Lines thus transferred to the map appear much like pencil lines and 
are inked with the rest of the map.

C O N S T R U C T IO N  O F CONTOTTRS.

Ali the topographic mapping that has so far been done by the 
United States Geological Suryey with the aid of the panoramie camera 
has followed the usual course, in which the topographer at the end of 
the field season takes up in the office the compilation and drafting 
of the finished map. The practice of allowing the topographer to 
carry his work through the proof reading has been found desirable 
in plane-table surveys. It is not likely that another draftsman could 
compile a map from photographs with as good results as the man 
who did the field work. At any ratę, training in topographic expres- 
sion will be imperative in the office work. Therefore, although in a 
measure the method simplifies and reduces the field work, it reąuires 
considerable topographic skill to extract the data from the photo
graphs and to sketch accurately the forms on the map. Sketching 
contours from photographs differs very little from sketching in the 
field. The best opportunity for contrasting sketching from photo-
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PHOTOGRAPH TAKEN FROM STATION 58, PORT VALDEZ DISTRICT, ALASKA.

See Plates I and XI.
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A. PHOTOGRAPH TAKEN FROM STATION 24, BROAD PASS REGION, ALASKA.

See Plates 11 and X IV .

B. PHOTOGRAPH TAKEN FROM STATION 16, BROAD PASS REGION, ALASKA.

See Plates II and XIV .
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graphs with field sketching is afforded by the degree of dependence 
whicb must be put upon the eye in placing contours along slopes. In 
field sketching, where a station is occupied once, or rarely morę than 
once, the eye must be relied upon to a far greater degree in placing 
minor features than in sketching when photographs may be examined 
in any matter of detail whatever.

In compiling data from photographs it has been found best to con- 
centrate upon a smali area and to complete that area before taking 
up another. The elevation notes are kept conveniently at hand to 
supply the eleyations, and the photographs are examined again and 
again in order that the forms may be correctly represented. Drain- 
age should be drawn before the contouring is commenced. No rules 
for the drawing of the contours will be given here, for it is largely a 
matter of skill in draftsmanship that can be acąuired only by practice.

In order to illustrate the use of the photographs in sketching con
tours a portion of the Port Valdez map (PI. X I) and photographs 
(Pis. X II and X III), used in sketching areas on the map, have been 
given to show the relations of the photographs to the map. A por
tion of tho Broad Pass map (PI. XIV) and also a series of views (PI. 
XV) are given for the same purpose. The positions of the stations, 
the angular scope of the photographs, and a few prominent peaks are 
marked on the maps, and the corresponding points are labeled on the 
photographs.



THE APPLICATION OF PHOTOGRAMMETRY TO AERIAL
SURYEYS.

IN T R O D U C T IO N .

The purpose of these suggestions is to indicate methods for the 
employment of aerial photographs in making military reconnaissances. 
The object to be accomplished is to determine the yalues of hori- 
zontal and yertical distances over a terrane of moderate extent.

The suryey of a district by methods of aerial photography, as in the 
older methods, involves the measurement of a base and of horizontai 
and yertical angles and the determination of certain station positions 
in order that other distances and eleyations may be determined. 
The procedurę of aerial photography consists of (1) the measure
ment of a base, (2) the exposure of the negatiyes (corresponding to 
instrumental obseryations of other methods), (3) the establishment 
of the positions of the photographic (aerial) stations, and (4) the work 
of intersection and determination of elevations from the photographic 
negatiyes.

In the discussions that follow five cases are considered. Four of 
these fali under the generał head of district reconnaissances and one 
under the head of rapid route reconnaissance. Under case 1 is 
pointed out the method by which an aerial reconnaissance of con- 
siderable precision may be madę, and under case 2 a method that 
should permit the determination of comparatiyely long distances with 
a fair degree of accuracy. Case 3 suggests a possible working method 
for the employment of photographs obtained with a minimum photo
graphic eąuipment. Case 4 treats of a method which, though of only 
relative accuracy, yet, on account of its facility of application, may 
prove of considerable value. The suggestions for rapid route recon
naissances are probably already well known to aviators who liave 
had experience in taking photographs of the ground beneath tliem 
during flight in airplanes. Photographs taken with the optical axis 
of the camera directed down from positions over relatively fiat country 
should supply maps of great reliability, proyided proper means are 
employed to determine the yariation of the optical axis from the 
yertical lino.

G E N E R A L  C O N D IT IO N S .

At the outset it is well to discuss briefly the degree of precision 
that can be expected from photographic negatives exposed for the 
purpose of making measurements. Recent tests haye proved that 
the anastigmatic lens will produce a sensibly true perspectiye and 
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that a camera can be constructed with its parts assemblcd in as 
nearly mathematically correct relation to one another as the parts 
of a telescopio instrument employing a similar lens, provided the 
same degree of care is given. The ąuestion is therefore resolved 
into tliis: What error will be introduced in the calculation of an 
angle from ordinates measured on a photographic negative ? It is 
evidcnt that this error will depend on the error arising in measuring 
the ordinate, the focal length of the lens employed, and the error 
in determining the angle of inclination of the negative.

In photogrammetry the reference planes are properly the horizontal 
piane passing through the optical center of the lens and the yortical 
piane containing the optical axis. The angle of inclination is the 
angle that the optical axis makes with the horizontal piane, so that 
if a  is the angle between two points to bo measured in a horizontal 
piane, b the angle of inclination,/the focal length of the lens, and x  
the horizontal ordinate measured on the negative we shall have

tan a =/  cos b

f  cos b
whence d u = f c o s * b + t f d x

Without going into the differentials of this eąuation with respect 
to each of the ąuantities appearing, it will suffice to state that thcy 
indicate certain conditions to bo avoided as well as the conditions 
that are conducive to accuracy. The conclusions may be stated thus:

1. The error brought to a  through the measurement of x  decreases 
as x . increases—that is, the greater the angle the less the relative 
error.

2. In generał the longer the focal distance of the negative the less 
the error in a . For negatives inclined near to a horizontal position 
x  may approach a value equal t o /  cos b . This condition renders the 
determination uncertain. The condition corresponds to that when 
both x  a n d / cos b are smali.

3. The maximum error due to the influence of the inclination may
X

be expected when cos &=/•
Negatives obtained from aircraft are subject to still other errors, 

whicli are due to the displacement of the vehicle during the time of 
exposure and to the angular motion of the camera.

If we assume that the speed of the machinę will not exceed 100 
miles an hour (147 feet a second) during exposure and that a dis
placement of 1 foot is allowable, the greatest time of exposure should 
not exceed 1/150 second. For a stop of F 6.3 in bright weather this 
time may be reduced to 1/600 second, which is suflicient to assure 
rigorous precision.

85261°—Buli. 657-17----- 5
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The allowable angular movement of the camera may be determined 
from the reąuirements to give sharp definition in image. Simple 
means of making measurements from negatiyes impo.se a limit to 
definition of image of 0.1 millimeter. For a lens of 12-inch (305- 
millimeter) focus a moyement of 0.1 millimeter in image during the 
interyal of 1/150 second corresponds to an angular moyement of about 
1'. For work of precision it is therefore necessary to assure a prac- 
tical elimination of angular moyement. The value of 1' of arc affords 
a measure of the accuracy to be expected from photographic measure
ments when the necessary precautions are taken in doing the field 
work. It corresponds to about 1.5 feet in a mile, or 15 feet in 10 
miles.

Finally, there is to be considered the error which has its source in 
the means of establishing the position from which the photograph was 
taken and of connecting this position with known positions on the 
ground. It is plain that if the degree of precision indicated by the 
foregoing statements is not to be lost, means for accurately estab
lishing the camera’s position must be adopted, The obvious method 
of obserying the camera’ s position from three or morę stations on the 
ground will not suffice to determine this position unless the obserya- 
tions are madę photographically, an electric current being used to 
assure a simultaneous exposure of four cameras. This reąuirement, 
which is at present impracticable of accomplishment, eliminates the 
possibility of using this method. A method that affords a practical 
and comparatively simple means of locating the camera’s position is 
that of photographing a measured base at the instant of obtaining 
the photograph of the region to be surveyed. In this manner the 
error introduced will be no greater than that inherent in photo- 
grammetry or that arising from the measurement of the base.

Systems of triangulation madę up of stations suitably disposed 
eliminate the necessity of laying out a base. This condition may for 
the present, howeyer, be excluded from consideration, for in those 
regions where a triangulation net has heen established maps will most 
probably have already been prepared.

T H E  B A SE .

The form of the base will vary according to the reąuirements of 
the survey or the time ayailable to lay it out. The form which is 
most suitable is illustrated by figurę 8. At each end of a carefully 
measured base linę, AD, an eąuilateral triangle is measured on ground 
as nearly level as can be found. The length of AD will depend on 
the distance to be covered by the suryey and it should be long enough 
to make intersections in the field of the survey at angles not less than 
30°. The stations A, B, C, E, etc., are marked by white disks of a 
size suitable for the distance from which they are to be photographed.



The stations are also connected by a linę of levels. As a check upon 
intersections a thircl triangle may be measured near the middle of 
AD. This will be used wben photographs from three positions are 
reąuired for the survey.

The aviator flies above the triangles at a height sufficient to per- 
mit good views of tho region to be reconnoitered. Exposure upon a 
triangle is madę at the same instant of exposuro upon the district 
under inyestigation. The negatiyes thus obtained may be those of
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Figurę 8.—Form of triangular base for determining positions of aerial photographic stations.

a single camera or of a combination of two cameras. The different 
arrangements of cameras will be discussed under the cases to be 
considered. The image of the triangle serves to supply the posi- 
tion and eleyation of the “ station.”

Wlien the distance to be coyered by the reconnaissance is not 
great, and for special arrangements of the cameras, the whole system 
of the base may be reduced to a single triangular figurę. This use 
will be mentioned under the several cases.

S P E C IA L  L E V E L IN G  D E V IC E S .

J A R D IN E T  T U B Ę .

In order that the angle of inclination of negatiyes taken in an 
approximately yertical position may be known, it is necessary that 
the position of the horizon linę be determined. This may bo ob
tained from the equilateral figurę mentioned or by means of the 
Jardinet tubę, a contriyance designed for the purpose. The Jar- 
dinet tubę seems to be well adapted to balloon use, but on account 
of the complication of centrifugal forces there is doubt as to its 
applicability to use in airplanes. Figuro 9 shows the arrange- 
ment of this device. It consists of a system of parallel closed 
tubes joined by other tubes, in which is contained a ąuantity 
of mercury. Two branches of the main tubes have enlarged sec- 
tions, so that the center of the total surface of the mercury, 
which remains at a constant distance from the piane of the bottom, 
will be shifted to a point near the piane of the enlarged tubes. In 
this way the distance between the two principal planes AB and CD 
may be divided by the center point of the surface into parts having 
a ratio such as 1 to 10 or 1 to 12, the ratio being ascertained by a 
calculation.
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The tubę sbould be calculated and eonstructed to conform with 
the focal length of the lens to be employed. The tubes of uniform 
section are placed in contact with the piąte and the enlarged sections 
occupy positions such that the center of the surface blends with the

F igurę 9.—Jardinettube. (Frora Saconney^s Mćtrophotographie.)

optical center of the lens. The shadowgraphs of the mercury surfaces 
supply the horizon linę. Cameras that are intended for exposure in 
a vertical position may be eąuipped with the Jardinet tubę.

U N IV E B S A L  L E V E L .

For horizontal negatives (obtained with the optical axis of the lens 
directed down) the uniyersal level bubble may be adopted to sup
ply the angle of inclination. In this dewice, too, as in all forms 
of gravity leyels, centrifugal forces will be likely to introduce 
errors. It will be necessary that the spherical sector of the level 
subtend an angle wide enough to embrace the rangę of oscilla- 
tion of the camera—as much as 6° or 8°. The level should bo 
mounted on the side of the camera near the back and its image will 
be registered photographically upon the piąte at the time of exposurc.
For this it will be nocessary to employ a smali lens and two prisms 
as shown in figuro 10. The surface of the level should be checkered 
by lines which will be photographed at the time of the bubble. The t
position of the bubble with reference to the checkered pattem indi- 
cates the angle of inclination. It is necessary to employ a focal-plane 
shutter.

F IL M S , P L A T E S , A N D  C O L O R  SC R E E N S.

On account of the necessity of making instantaneous exposures 
with moying cameras the fiat field camera seems at present to be the 
only type suitable for aerial photography intended for metric use.
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By reason of their liability to buckling roli films should bo usod only 
in cameras of the smaller sizes, and even in tlioso film negatires can 
not be relied upon for precise measurements. It will probably be safe 
to use films only for rapid 
route roconnaissancos, in 
which precision in measure
ments is not of the first 
importance.

The plates to be used 
should be the most rapid 
panchromatic plates availa 
ble. They should be so 
selected that the negative 
may register details rang- 
ing through a great variety 
of colors and distances, and 
that  the use of  co lor  
screens may not seriously 
impair their rapidity. In 
fact, the plates and color 
screens should be selected 
together in order to obtain 
the best results. Such a 
combination as the Wrat- 
ten panchromatic piąte and 
the K 3 color screen is one of the most efficient obtainable. The color 
screen should be such as will eąualize the actinic power of the colors 
of the spectrum.

D IS T R IC T  R E C O N N A IS S A N C E S  F E O M  A IR P L A N E S .

C A S E  1. P R E C IS E  S T JR Y E Y .

F ig u r ę  10.—Arrangement of universal level on camera. (After 
Capt. Ulyanine.)

GENERAL CONDITIONS.

The purpose in the case to be first considered is to determine with 
precision, from the known positions of certain points, the positions 
of points lying in an inaccessible district. The procedurę consists 
in establishing the positions of aerial stations from which the points 
to be determined may be photographed and then located. The most 
precise method of accomplishing this from aircraft is that in which 
two joined cameras are employed, one of which establishes the posi- 
tion of the cameras and the other supplies the negatives coyering 
the district to be reconnoitered. The most satisfactory arrangement 
of the cameras will be that in which one is pointed down and the 
other horizontally, the two optical axes being set exactly at right 
angles. This arrangement reąuires a base with two or morę trian- 
gular figures above which the photographs will be taken. The
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length of the base will depend on the distances to be measured; the 
size of the triangles will depend on the height at which the photo- 
graphs are to be taken. The focal length of the principal camera 
will likewise depend on the distance to be covered and the limit 
to the size of objects to be located. In the discussion that follows 
it is assumed that the maximum distances to be measured will not 
exceed the rangę of heavy field artillery—6 or 7 miles. For greater 
distances the reconnaissance may be madę either by increasing the 
focal length of the principal camera or by changing the arrangement 
of the cameras, as described under case 2.

PHOTOGRAPHIC EQUIPMENT.

At 7 miles the scalę of the photographic image will be 1'no û's) _
12 X 5280 X 7.

Therefore, if the lens has a focal length of 12 inches, the scalę will 
be approximately 1:37,000; for a focal length of 24 inches, about 
1:18,500. The scalę of 1:37,000 will permit the identification of 
objects as smali as 30 feet in greatest dimension; that of 1:18,500, 
objects as smali as 15 feet. These figures give a measure of the 
accuracy of the method, provided the base is laid out with care.

The principal camera should conform with the figures just given 
according to the reąuirements of the work it is to do. The lens 
should be an anastigmat, free of distortion through an angle of 30° 
from the optical axis, and it should work with a wide aperture. 
The camera should be constructed of aluminum upon a rigid frame 
and should be eąuipped with centering marks and a focal-plane 
shutter permitting an exposure as rapid as 1/600 second. It may 
be desirable to include the Jardinet tubę, though this device is not 
necessary in the procedurę under discussion.

If the lens of 12-inch focus is used, plates measuring 10 by 14 
inches will give a field of about 45° by 60°. A piąte of the same size 
in a camera of 24-inch focus will give a field one-half as large. The 
lens should be so placed as to shift the optical center of the negative 
to a point about halfway between the middle and lower edge of the 
negative. The size of the piąte will probably be limited by the 
facilities for handling the camera in the machinę. Exposure will be 
madę by a release that actuates the shutter of the principal camera 
simultaneously with that of the auxiliary camera.

The auxiliary camera will be of 6-inch focus and give a 6 by 6 inch 
negative whose field embraces an angle of nearly 60°. It will be 
eąuipped with an anastigmatic lens, focal-plane shutter permitting an 
exposure at 1/600 second, centering marks, and release joined with 
that of the principal camera, and it will be fastened to the principal 
camera so that the optical axis of one camera will lie in the principal 
piane of the other and the two optical axes form an angle of 90°.



The two cameras, which thus form a single photographic instru
ment, may reąuire a special aimer to permit pointings in the two 
directions. This aimer (fig. 11) consists of two frames delimiting the 
fields of the cameras, a mirror, and an eyepiece, and may be attached 
to the instrument. The frame corresponding to the field of the 
Principal camera should have cross wires indicating the horizon linę 
and a center linę perpendicular to the horizon linę. Exposures will 
be madę with these wires resting as closely as possible upon the 
apparent horizon and the center of the district to be photographed,

APPLICATION OP PITOTOGRAMMETRY t o  a e r i a l  s u r y e y s . 71

Figurę 11.—Arrangement of camera aimer.

respectively. The instrument may be suspended by a strap (elastic 
if the vibrations of the motor reąuire it), and it should have a handle 
for making pointings.

CONTROL.

The negatives will be controlled by means of eąuilateral triangular 
figures tied together by a measured base. The targets forming such 
a triangular figurę should lie sensibly in the same piane, for the 
reason that by imposing this condition the work of locating the 
photographic station will be greatly simplified and reduced. The 
size of a triangle should be such that its photographic image will 
cover morę than half the negative. The length of each side of the
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triangles should therefore be approximately two-thirds the elevation 
of the cameras above the ground.

The position of the photographic station and its elevation with 
respect to the base may be determined from the image of the figurę 
(auxiliary negative). This image also supplies the orientation of the 
principal camera with respect to the base. The angle of inclination 
is likewise supplied by the image of the eąuilateral figurę. This may

F igurę 12.—Determination of horizon linę and station point of negative.

be taken directly from the principal negative if the camera has been 
eąuipped with the Jardinet tubę.

If a, b, c, d, e , f ,  figurę 12, represcnt the images of targets (auxiliary 
negative) forming four equal eąuilateral triangles, the horizon linę 
may be found as folio"ws:

Prolong ac, ab,  and cb.  From the relation existing between har- 
monical conjugates of perspectives the horizon linę may be found by 
taking a distance

a c X a d  
^  dc — ad

and

ab  X  eb 
ae — eb

bh =
b c X b f

c f - b f

Then the linę ghk  reprosents the horizon linę.



APPLICATION OF P H  O TO GRA M M E T E Y TO AERIAL SUEYEYS. 7 3

From the optical center of tho negative draw tho linę Om perpen- 
dicular to the horizon linę. The angle of inclination b follows from 

f
the relation tan b — /  being the focal length for the negative.

When the auxiliary negativo is only slightly inclined from a hori- 
zontal position the horizon linę will fali at a great distance outside 
the limits of the negative. The distance Om may then be found by 
taking distances as cg' and eh’ proportional to cg, ch to supply a linę 
g'h'Ti' parallel to the horizon linę. The direction of Om will result, 
and a calculation can be madę to determine its length.

The position of S (the point of the negative which indicates the 
projection of the photographic station upon the ground piane) is 
established from the relation '

f 2
oS = f c

In order to locate upon a drawing the position of the photographic 
station with respect to the plotted positions of the targets proceed as 
follows:

Having determined on the negative (fig. 12) the position of Sby the 
method just explained, from s on a tracing of the negatiye or a positiye

print (fig. 13) draw lines through each of the points a, b, c, to meet the 
horizontal linę through O at a', b', c', respectiyoly. Lay off a dis-
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tance Os' eąual to the focal length of the negatiye. Connect s with 
s', and let fali upon ss' a perpendicular Os" from O. Take O s"7 
eąual to Os" and then drawfrom s '"  lines through the three points 
a', b', c'. These lines supply the horizontal angles formed at the 
photographic station by lines to the targets.

ORIENTATION.

The orientation of the principal negatiye results from the orienta- 
tion of the auxiliary negatiye. In relying upon this method of 
orientation there will be conditions under which the angles at the 
point s’ "  (fig. 13) will necessarily have to be determined by lines of 
relatiyely short lengths, which render the orientation unreliable. In 
order to assure a precise orientation it will be desirable to determine 
by intersection from the base the position of one or morę points 
lying in the field embraced by the yertical negatives.

THE SURVEY.

Such a photographic suryey from aircraft as the one under dis- 
cussion may be considered as consisting of four different steps— 
(1) laying out the base, (2) obtaining the photographic negatives, 
(3) establishing the photographic station and orienting the negatives, 
and (4) locating points. In order that the time reąuired for accom- 
plishing the work of the different steps may be reduced to a minimum 
the procedurę should follow the course of first laying out the triangular 
figures and then obtaining the negatives, the work of joining the 
triangular figures by the base being performed while the negatiyes 
are being prepared for use and the positions of the negatiyes estab- 
lished with reference to the triangular figures. The plotting of posi
tions of points may then be commenced as soon as the complete base 
has been surveyed and plotted.

The time reąuired for the first three steps, which bring the suryey 
to a state of preparation to commence the plotting of points, should 
be no morę than that necessary to prepare and plot the base. Nega
tiyes can be deyeloped in a few minutes, and measurements may be 
madę from them immediately thereafter. The calculations for estab
lishing the position of the photographic station reąuire less than a 
dozen measurements, and the calculations themselyes should reąuire 
no morę than an hour to complete.

The base should be laid out by chain and transit so as to assure a 
degree of precision no less than that possible in measurements from 
the negatiyes to be used. A precision of 1 in 5,000 or even 1 in 10,000 
may be attained without greatly curtailing the speed of the work.

The triangular figures nday be laid out rapidly by employing two 
steel tapes and building up the figurę from several adjoining triangles 
having a length of side eąual to the common length of the two tapes.



The procedurę outlined in this case should be sufficient to locate 
the positions of prominent points over an area 3 or 4 miles wide lying 
at a distance of 3 to 7 miles from the base. In relatively fiat country 
the information thus supplied might be sufficient for the purposes of 
control and regułation of artillery fire. In liilly country it would 
probahly be necessary to supplement the data thus obtained by 
photographs taken from positions over the district of the survey 
with camera directed down, the supplementary photographs being 
controlled in position and scalę by points located from the principal 
negatives.

C A S E  2 . P R E C IS E  S U R V E Y .

GENERAL CONDITIONS.

The procedurę in case 2 dilfers from that of case 1 in that two 
separate cameras instead of a composite instrument may be employed 
to give similar results. This method permits a wider latitude in the 
moyements of the aerial vehicle, for stations may be madę anywhere 
within certain generous limits of the base, but the difficulties of 
mn.nipnlfl.ting the cameras are increased, and special means of orienting 
the principal negatives will almost always be reąuired. The gain over 
the procedurę of case 1 comes from an increase in rangę.

The particular positions of the photographic stations that eliminate 
the necessity of control other than that supplied by the negatives are 
those from which the two negatives, auxiliary and principal, embrace 
common ground and in which the principal negatiye may be oriented 
by directions plotted from the auxiliary negative (fig. 14, A  and B). 
For such use it would be convenient to have the two cameras joined 
in a manner that permitted them to be easily detached. As this 
arrangement may be considered a particular application of the generał 
method, the discussion will be deyoted to the procedurę of broader 
scope.

PHOTOGRAPHIC EQUIPMENT.

The two cameras should be similar in design and size to the principal 
camera described for case 1. They should be of not less than 12-inch 
focus and employ plates as large as the limitations of airplanes 
permit. Both should be eąuipped with the Jardinet tubę. The 
remaining details should conform with those mentioned for the 
principal camera of case 1.

CONTROL.

The system of control will consist of a number of triangulation 
stations (fig. 15), so disposed as to present a minimum number of 
three targets to the field of the auxiliary camera, from whatever 
position the exposures may be obtained. It will furthermore be
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necessary to have at least one additional object of known position 
in the district to be reconnoitered, to serve for the orientation of the 
principal negatives. The breadth of the field coyered by targets 
should be approximately as great as the distance from the photo- 
graphic station to the nearest targets, and the farthest targets should

I D is tr ic t o f  re co n n a is sa n ce

( B )
Figurę 14.—Arrangement of two joined cameras, with plates approximate!y vertical.

be so placed as to stand a few miles from the nearest. The elevations 
of the targets must be known in order to determine the positions and 
eleyations of the photographic stations. The targets should be of 
uniform design, whitened to contrast with their surroundings, and 
large enough to be plainly yisible at the distance from which they 
will be photographed. Their size in feet should be about five times
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the distance in miles. Advantage may be taken of buildings or 
other existing objects conveniently situated which may serve as 
targets.

OBTAINING THE PHOTOGRAPHIC NEGATIYES.

Figurę 15 shows the positions of the photograpliio stations rela- 
tivc to the targets and the district to be reconnoitered that 
yield the greatest 
rangę.  The d is 
tance between the 
aeriai  s t a t i o n s  
should  be kept  
great enough  to 
form a suitable base 
fo r  in te rs e c t i o n  
within the area of 
investigation.

The cameras will 
be exposed with the 
plates approximate- 
ly vertical. Though 
it might be possible 
for a single operator 
to expose with as- 
surance of aim the 
two cameras in op- 
posite directions at 
the same time, it 
would reąuire a skill 
that could not be 
attained except by 
considerable train- 
ing. It is therefore 
probable that the 
m a n ip u la t ion  of Figure 15. 
the cameras would

A

a rwuKŁ in.—Relation of photographic stations to targets and district
cameras would O f reconnaissance; two separate cameras.

ire two operators. The exposures will be controlled 
e release.

by a

ESTABLISHMENT OF THE POSITIONS OP THE PHOTOGRAPHIC STATIONS.

The positions of the photographic stations aro determined from 
the known differences of elevation of three or morę targets whose 
imagcs appear in the auxiliary negatives. The accurate location of 
the aeriai station reąuires a precise determination of the angle 
of inclination of the negative. The method consists of a series of
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successive approximations gradually approaching the correct solu- 
tion, in which the approximate angle of inclination is at first employed 
to determine the approximate distances from the photographic 
station to the targets, and tlien a new calculation is madę to deter- 
mine the angle of inclination. This process is repeated until it be- 
comes evident that the error is reduced to a negligible ąuantity.

If in figurę 16 S represents the photographic station, O the optical 
center of the negative, HI the horizon linę, b the angle of inclination

Figurę 16.—Relation of angle of inclination of negative to elementary distances.

of the negatiye, SO = f  the focal distance, z the distance Ol, and y  the
Zordinate of any point A, we shall have tan b = y

Then if H (fig. 17) represents the elevation of the station above 
the known point A, and D the distance S 'A ' (projection of S'A into 
the principal piane), the formula for dotermining the elevation will be

Ii = D x z + y  
f ~  V t an b

If now a second point B, differing in elevation from A by an 
amount E, appears in the negative, we shall have for the elevation 
of the photographic station above B

H ' = D 'x
and as E = H —I i ' we shall have

z + y '
f — y' tan b

E =  D X r 4 i T - D ' X ' z + y '
f —y tan b f ~ y '  tan b 

ZSubstituting j  for tan b and developing the equation with respect 
to 2 we get the result

z>[Eyy' + f(D y' -  D ’y ) }  -  z[Ef(y + y ') +  (D -  D ') ( f  - y y ' ) ] f + f  
[ E /— Dy + Db/'] = O

which is the equation of inclination to be employed.



After having thus cletermined precise values for D, D', and D " 
(applying to a third point) and for z, the horizontal angles between 
the points may be tumed off on a sheet of frosted celluloid and the 
station located on the map.

The angle of inclination of the principal negative must now be 
determined from knowledge of the difference in elovation between 
the pliotographic station and some known point included in the 
negatiye. After the angle of inclination is determined the negative

APPLICATION OP PHOTOGRAMM ETRY TO AERIAL SURVEYS. 79

Figurę 17.—Determination of the angle of inclination of an aerial negatiye from images of targets differing
in elevation.

may be oriented on the map and lines drawn for intersection upon 
objects whose images are common to two or morę negatives. Eleya- 
tions may be determined by use of the formula given above.

C A S E  3 . M IN IM U M  P H O T O G R A P H IC  E O U IP M E N T .

GENERAL CONDITIONS.

In case 3 the minimum photographic eąuipment is reąuired. A 
single camera may be exposed in a horizontal position (optical axis 
approximately horizontal) to obtain two or morę negatives which 
shall embrace the targets of a prepared base and the region to be 
reconnoitered. The negatiyes serve in the double capacity of estab- 
lishing the station positions and of supplying the information neces- 
sary for the suryey. The field of usefulness of this method is narrow.

PIIOTOGRAPIIIC EQUIPMENT.

The lens should be capable of embracing a wide field, and its focal 
length should be great enough to fumish images of objects 20 feet in 
greatest diameter as distant as 5 miłes. A rapid lens of 12-inch
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focus will therefore be chosen, and it will be mounted in an aluminum 
box large enough to give a negatiye 10 by 14 inches. The lens will 
be so mounted as to cause the optical axis to strike the piąte at a 
point about 3 inches from its bottom edge. The exposure will be 
madę by means of a focal-plane shutter permitting an exposure at 
1/600 second. The camera will carry an open-sight frame to outline 
its field of yiow, and the frame will have cross wires for aiming. 
The horizontal field of the camera will embrace 60° and the yertical 
field points on the ground as near as 1 times the height of the 
camera. The camera may be suspended by a strap and aimed by 
hand. Exposures will be madę with the horizontal wire of the aimer 
cutting the apparent horizon.

CONTROL.

The control may be obtained from one or morę triangular figures 
as indicated in figurę 8 (p. 67). If a single triangular figurę is used, 
it will be necessary to maneuyer the airplane carefully in order to be 
eertain that the negative embraces the district of reconnaissance and 
the base. The triangle should therefore be laid out with appropriate 
length of side. The positions for exposure will be to each side and 
back of the figurę. A third exposure may be madę from a position 
behind the figurę and in linę with it and the district of reconnais
sance. If two triangular figures joined by a base are used, the posi
tions will be behind the figures and in linę with the district to be 
suryeyed.

DETERMINATION OF THE CAMERA’ S POSITION.

The distance of the camera from the base and its elevation at the 
time of exposure will be determined by use of the perspectiye proper- 
ties of the regular triangular figurę formed by the targets. Such a 
determination reąuires at least six targets, sensibly in the same piane, 
forming really four joining eąuilateral triangles. The solution is sim- 
ilar to that given under case 1. For some positions of the camera 
the horizon linę may be morę rapidly determined by the procedurę 
given below.

If a, b, c, d, e, f, in figurę 18, represent the imagesof the targets found 
in the negatiye, the parallel lines ab and fe , cb and fd, ca and ed will meet 
on the horizon linę, which may therefore be determined by prolong- 
ing the lines mentioned. The horizon linę, which supplies the angle of 
inclination, b, of the negative having been determined, there remain to 
be found the distance between two points of the negatiye, forming a 
linę parallel to the horizon linę and the corresponding distance upon 
the ground. The linefg , parallel to the horizon linę, may be drawn 
on the negatiye and measured. The actual distance FG, correspond
ing to fg, can be found from a drawing of the triangular base to a 
conyenient scalę by applying the principle of harmonie relations.



The linę cgeb is laid npon the drawing of tho base (fig. 19) so that 
each of the points mentioned excopt g falls upon its corresponding
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F ig u r ę  18.—Determination of negatiye linę to locate position of aerial stalion. (From Saconney^s
Mćtroph ot ographie.)

linę from A. The position of g then determines the direction of the 
linę AG to give the point G.

A

F ig u r ę  19.—Valuation of the linę found in fignre 18. (After Saconney.)

The perpendicular linę from the photographic station to the linę 
FG strikes that linę at some point H, represented on the negatiye 
(figs. 18 and 20) by Ti. If, then, O is the center of the negatiye and 

85261°—Buli. 657— 17-----6
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u tho angle, subtended by the ordinate oh, wo shall have (fig. 20) the 
formula for slant distance:

f  being the camera’s focal length, whonce the horizontal distance is

The sign of h depends on whether h is to be measured aboyo or below 
the principal lilie SO.

Figurę 20.—Determination of elevation of aerial station.

C A S E  4 . A  S IN G L E  C A M E R A  W IT H  A  J A R D IN E T  T U B Ę .

GENERAL CONDITIONS.

The purpose in case 4 is to obtain the relativo positions of several 
points in an isolated district (the survey to be madę approximately 
to a given scalę), independently of the positions of points in known 
territory, fronr photographs of the district obtained with the optical 
axis of the camera approximately vertical. The reconnaissance is 
based on the difference of elevation of the aerial stations as noted 
by barometer at the instants of exposure. This procedurę differs 
from that of case 3 in that the negatives supply the horizon lines, 
and the relative positions of the photographic stations are determined 
from two points lying in a known piane (horizontal or vertical) so 
situated that they may be included in two or morę negatives embrac- 
ing the district. It is therefore necessary that the relative elevations 
of the aerial stations be known.

l, =  7 -  X — —  4 jg  cos u

D h = ^ r -  X 
f9

and the difference of elevation

FGW/ c o s  (u±h) 
r ' X

COS u

F G W/ s i n  (u±b)
x Xfg  cos ucos u
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PIIOTOGRAPHIC EQUIPMENT.

The camera and attachmeots will be similar to those described for 
case 3, with the addition of the Jardinet tubę.

CONTROL.

It will bo assumed that tbe barometric olevations liave been noted 
and that the planes of the negatiyes were approximately yertical. 
The horizon bne supplies tbe angle of inclination (b) of tbe negatiye.

Figurę 21.—Relative positions of photographic stations. (From Saconney’s Mćtrophotographie.)

Two points, A and B, lying in tbe same horizontal piane (shore linę 
or stream course) are found that are common to eacb of tbe nega
tiyes. The linę (on tbe negatiye) connecting the images of those 
two points is prolonged to strike tbe horizon linę at some point c'. 
The linę from the optical center of the lens to the point c' is parallel 
to the linę AB on the ground.

Lay out on a drawing (fig. 21) a linę to represent the distance 
between A and B. From what is now known, namely, that S'o^ = /
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cos b ' ,  that AB is parallel to S 'c /, and that A and B fali upon the 
respective lines S k /  and S '/ / ,  the negatiye may be oriented with 
respect to AB, and by following a similar courso for the second nega- 
tiye on a transparent sheet the relative positions of the two photo- 
graphic stations S' and S "  are ascertained.

In order to determine the scalę of the drawing it is necessary to 
apply the barometric difference in elevation of the two stations in 
the formula

S represents the scalę of the drawing,/ the focal length of the camera, 
b ' and b "  the angles of'inclination of the respective negatives, and 
th'e remaining factors such as are indicated by figurę 22 or implied

the drawing is determined. A change to any desired scalę may then 
be madę before continuing with the work of intersections.

If a third negatiye is to be used, it may be oriented upon the 
drawing in a manner similar to that explained for the second negatiye.

The eleyation of any located point relatiye to the photographic 
stations can be determined with a degree of accuracy commensurate 
with the precision obtained in establishing the difference of eleyation 
of the photographic stations. The formula for this use is

point upon the linę of the optical axis (on the drawing), Y the yertical 
distance (on the negatiye) of the point below the horizon linę, f  the 
focal length of the camera, y  the ordinate of the point (yertical dis-

nation of the negatiye.
R A P ID  E O U T E  R E C O N N A IS S A N C E  F R O M  A IR P L A N E S

In case 5 the camera is empłoyed in a yertical position to obtain 
oyerlapping photographs of the country passed over in flight.

The photographic ecpiipment necessary will depend on the altitude 
at which the flight is to be madę and the scalę desired for the resulting

the focal length of the lens and H the height of the camera above 
ground. Hence, for a lens of 6-inch focus the scalę at an eleyation 
of 5,000 feetwill be 1:10,000; at 10,000 feet, 1:20,000. Furthermore

Difference in eleyation = S

with reference to some point, as A, of the linę AB. In the formula

for the second negatiye. By solying this eąuation for S the scalę of

— y  tan b

in which D is the projection of the distance from the station to the

tance on the negatiye from the point to the horizontal axis passing 
through the optical center of the negatiye), and b  the angle of incli-

(C ASE 5).

ENERAL CONDITIONS.

map. Tlie scalę of the photograph is giyen by the relation j  being



there is to be considered the limit to the size of discernible objects. 
It may be assumed that objects whose images are less tłian 0.01 incli 
can not be easily identified on the photograph. Hence, on the scalę 
of 1:10,000 objects less than 8 or 10 feet in greatest diameter will not 
show clearly, and for a scalę of 1:20,000 this limit will be about 20 feet.

In this use it is essential that the lens have a wide angular rangę 
(60° to 70°), and the manipulation of the camera will be greatly 
simplified if film cartridges can be employed. A camera eąuipped 
with such a wide-angle lens of 6-inch focus would approach the limit 
of size suitable for the employment of roli film. From the foregoing 
considerations it would seem that a lens of about 6-inch focus would 
be the most suitable for the purposo.

PHOTOGRAPHIC EQTTIPMENT.

The photographic eąuipment might therefore consist of a rapid and 
wide-angle lens of 150-millimeter focus mounted in an aluminum box, 
haying a focal-plane sliutter to work as rapidly as 1/600 second. The 
uniyersal level may be attached to indicate approximately the devia- 
tion of the negatiye from the horizontal position. Marks to register 
shadowgraphs in the form of saw teeth will indicate the optical center 
of the negatiye. The camera could be so constructed as to permit 
exposures at dcfinite interyals either automatically or by release and 
to accommodate a film cartridge capable of many exposures. An 
open-sight frame to indicate the field of the camera could be mounted 
on the camera or placed in a conyenient position for sighting. It 
would be of particular valuo in timing the exposures while Crossing 
liilly or mountainous country and as a rough check upon the ratę of 
the flight.

A color screen of Iow factor may be used when its use would not 
reąuire an exposure time greater than 1/50 second.

CONTROL.

The control of photographs obtained in flight over comparatiyely 
fiat country may be obtained with a suflicient degree of accuracy by 
barometer readings at the instants of exposure, checked at the outset 
by a photograph of a measured base. Where practicable, a second 
base included in one of the photographs of the series may be used.

In passing from fiat country, such as a yalley with a large stream, 
to hilly country the control must be maintained by other means. 
This may be accomplished approximately by estimating the distance 
between the photographic stations from the ratę of flight, the pho
tographs being reduced in proportion to thcir elevation above the 
ground. This procedurę is subject to large and irregular errors.

A method which proyides a basis for calculation of the scalę of 
photographs of rough country is to obtain the photographs from
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positions differing considerably in eleyation. The differences of 
eleyation of the aerial stations should be as much as seyeral hundred 
feet, and the photographs should overlap one another by as much as 
one-half their width. From the differences in elevation of the 
camera at the times of two successive exposures, as given by the 
barometric readings, the scalę of each photograph may be determined 
with a degree of precision commensurate with the generał degree of 
precision of this method of making reconnaissances.

Photographs of hilly country may be oriented by points almost 
directly under the camera’s positions. The scalę may be established 
as follows: Draw the linę ab (fig. 22) representing a distance between 
two points, A, B, which are so chosen that they lie as nearly as 
possible directly below the positions of the camera at the instants of

c
F igurę 22.—Determination of scalę of photographs; negatiyes approximately horizontal.

exposure of the respectiye negatiyes. Prolong acL to meet b c2 pro- 
longed at c, the relatiye position of any third point, C. If th e n / 
represents the focal length of the camera, E the barometric difference

of eleyation of the camera at the two positions, and g the scalę of the 
drawing, we haye

from which S may be determined, and then the actual distance 
between A and B as represented by ab scaled.

The maximum inclination allowable in the method just given is 
about 5°. If the angle of inclination exceeds 5° it will be necessary 
to employ the method described for case 1 (fig. 13). For rapid 
reconnaissances, therefore, it is essential that the angle of inclina
tion of the negatiye be kept below 5°.
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Alfred H. Brooks, Geologist in charge of division 
Topography by J. W . Bagley and D. C. Witherspoon

Surveyed in 1910 and 1913
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RECONNAISSANCE MAP OF THE BROAD PASS REGION, ALASKA
SH O W IN G  POSITIONS OF C A M E R A  STATIONS
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Broken contour lines indicate probable topography of unsurveyed areas
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TOPOGRAPHIC MAP OF PORT YALDEZ DISTRICT, ALASKA
SHOWING POSITIONS OF CAMERA STATIONS AND EXTENT OF TRAYERSES
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