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NOTICE. 

In  an endeavor to  place more readily a t  the dispml of civil engi- 
neers, county engineers, surveyom, and others engaged in making land 
surveys the reeiilts of the field work of this bureau, a digest of the 
publications of the bureau containing data regarding triangulation, 
leveling, and magnetic survcbqs is being prepared for each State i n  the 
Union. These digests afford an index of each county, showing the 
places in the county where surveys have been made. Each digest is 
accompanied by a base Inup of the  State, which crhows graphically 
where survcy~ have been made, and their nature. 

Digests have been compiled for the following Statea. Alabama, 
Arkanma, Colorado, Florida, Idaho, Jllinoie, Indiana, Jowa, Kaosae, 
Kentucky, llinnesota, Missouri, Montana, Nebraska, Nevada, North 
Dakota, Ohio, South Dakota, Utah, West Virginia, and Wyoming. 

tates may be obtained free of cost b y  
addressing the  Direct&, ?I$! d Statetl Coast and Geodetic Survey, 
Washington, I ) .  C. 

"be dig&t for IbBxDk tl R 
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THE WORK OF THE UNITED STATES COAST AND 
GEODETIC SURVEY. 

HISTORY AND ORGANIZATION. 

To all nations whwe tcmtories iouch the sea or who have any 
interests in  the c~nimerce of the sea a full and complete knowledge 
of the con&, its nature and form, the character of the sea bottom near 
it, tho locntions of reufs. shoals, and other dangers to navigation, the 
&e and fall of the tides. the direction and strength of currents, and 
tho character and amount of magnetic disturbance are of the greateat 
practical yalue. 

'I'o supply this knowledge the Governmenta of the principal mari- 
time nations have in modern times made surveys of their coaets by 
the moat exact methode. 

Some idea of the importance to this country of such operations 
may be formed when i t  is remembered that the cowt line of the 
United States and Alaska, memurcd along its general trend, excoeds 
11,:ioo miles in length. To repreaent the actual shore line, which 
includee all the ielands, baye, sounds, and rivers in  the littoral or tidal 
belt, these figures would have to be increased to Y1,ooO miles; and to 
tho foregoing mu& be added the shore line of Porto Rico, Guam, 
Tutuila, the Hawaiian and the Philippino Islands, nnd the Virgin 
Islands of the United States. The length of the general Ahore line of 
thew islands eXCCed6 5,100 m i l a ,  and their detailed coaat line ie in 
excess of 12,000 statuta miles. 

In 1807, during the administration of President Thoruns Jeffereon, 
Congears authorized the efitablishment of a national Coast Survey aa 
a bureau under the Secretary of the Trenaury, and the plan adopted 
for its execution ivaa that submitted by Ferdinand R. Rwler. 
I%ecauue of the external relations of the country, it was impracticable 
to tnke any skps toward putting the plan i n  action until 1811, when 
Hasder wm directed to proceed to Eumpc to mange for the cyII1- 
struction of the n g c e w y  inatrumenta and standards, some of the 
moHt important of these being made after his own deaign. Tho o u b  
break of tho \Ynr of 3812 seriously interfered with his CommiSSions, 
their completion being thereby delayed until  the close of 1815, and in 
consequence actual field work wu not pomible until 1816. The work 
waa suepended i n  1818 and resumed i n  1832. For the purpwe of h- 
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6 U. S. 00AST AND GEODETIC 8ERVEY. 

niShing geographic positions and other data to State surveys, the 
scope of the bureau wna enlarged in  1871. and in  1878 ita designation 
became the Coast and Geodetic Survey. 

On the organiisation of the Departnient of Commerce and Labor in 
1903 the bureau was transferred to it from the Treasury Department, 
and in 1913 to the Department of Commerce. 

The plan upon which i t  ie at present organized is based on the 
broad scientific foundation proposed by  H a l e r  and approved by  
Jefferson; and ita present methods are the perfected results of expe- 
nence gained in  the field and office during more than a century of its 
existence. 

Under the direction of a Director there are two great divisions of its 
work, the field and the office. 

In accordance with the plan of reorganization of 1843, the work on 
shore waa divided between civilian asaktants and officers of the Army, 
and the hydrographic work was placed almost entirely in charge 
of officers of the Navy. 

I n  1861 the officers of the Army and Xavy were detached, and 
since that date no officors of the Army have been assigned to duty on 
the Survey. After the Civil War the assignmcntv of officen of the 
Navy gradually increased in  number. 80 that tho hydrographic work 
waa about equally divided between them and thc civil asrristanb 
during the period which oxtended to 1898, when the officers of the 
Xavy, because of conditions created by the outbreak of the War with 
Spain, were finally relieved, and i n  1900 ('ongresR authorized the estab- 
lkhment of tho Survey on a purely civil bask. 

The Survey operates a fleet of 14 stoamers and 1 motor veeael, of 
which 4 were built for the Survey, 5 were transferred from the Kavy 
Department, and 3 are loaned by the Philippine Government. 

The personnel of the Survey ir, at present divided w follows: 
1. Field force, compoaed of 140 hydrographic and geodetic engineers, 

junipr hydrographic and geodetic engineers. and aids, 11 magnetic 
observers, 17 tide observers, 59 mates, engineers, surgeons, deck 
officers, etc., 550 enlisted men, and an average of 160 additional em- 
ployees who are necessary to imuro the effective work of field parties 
on shore, besides a number of laborers hired for brief periods when 
needed. 

2. Office force, composed of disbursing agent, chi& of division, 
clerks, computers, draftsmen, engravers, instrument makers,  printer^, 
etc., numbering 229. 

The office is that part of the establishment which receives the records, 
original shcwte, etc., representing the results of field work. Theso are 
regbtered and deposited the archives until i n  turu they are taken 
up for examination, computation, and adjustment, prepared for pub- 
lication, and finally published. 111 tho office charta are compiled 
irom original siirveys, by this and other government buredus, and 
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HISTORY -4ND ORGANIZATIOK. 7 
printed, by photo-lithography or by transfer from engraved copper 
plates. 

For the convenience of administratioil the operatioils of the main 
office a t  ~ v ~ h h @ ~ i  are carried on by six divisions, each having some 
specified portion of the general work to perform. 

Thore is a field station a t  Manila, and the oficer in  charge, repre- 
senting the Director, has authority to arrange for the conduct of insular 
field and office operations, to prepare and publish charts and sailing 
directions, and all other information which he decides is necessary or 
desirable for the use of mariners and the public generally. 

There are field stations also at Boston, Kew York, New Orleana, Sa11 
Francbco, and Seattle. 

B e c a w  of the continental extent of the field of operations of the 
survey a systom of main and secondary triangulation, together with the 
determination of geographic positions by means of astronomic and 
geodetic methods, must furnhh the foundations on which ita resulta are 
based. On the Atlantic coast a scheme of primary triangulation 
bogins at the eastern boundary of ,\lahe and stretches to the Gulf of 
Mexico. A second extensive system of trinngulutioli extends acros 
the continent along the thirty-ninth parallel of latitude. connecting the 
surveys of the two comL and furnishing a basis for the surreys of the 
13 States through which it passes. Triangulation systems have been 
extended along the ninety-eighth meridian and along the Pacific coast 
from Canada to Mexico; from the ninety-eighth meridian in Texna 
acro88 New Mexico, Arizona, and California, connecting with the Pacific 
comt t rhgda t ion ;  from the triangulation along the thirty-ninth 
parallel in Colorado northward to the Canadian boundary ; and from the 
triangulation along the Atlantic coast to the Miasissippi River a t  
Memphie, Tenn. 
In connection with these principal systems the triangulation has 

been considerably expanded in the New England States, Kow York, 
and several western States, includiug California, where some exmp- 
tionally large f i g W E  were,intmduced. The longest line on record EO 
far observed is that from Mount Helena to Mount Shasta, which is over 
190 miles in length. 

A tertiary triangulation for topographic a d  hydmgwhic purposes 
has been comploted along the entire Atlantic and Gulf consk and that 
of Porb Rico slid the Virgin Islands of the United States, and prac- 
tically the whole of the Pacific corult except Alwka. Some progrw 
hm been made in the latter Territory, and in the Philippines the main 
triangu~ation baa been practically completed. 

the determination of astronomic povitiona the exact methods Origi- 
n d y  developed in the Survey have been follo\rc?d and perfected, and 
the methods of ruing the zenith telescoIw for latitude nnd the telegra~h 
for longitude liave l.1.3~11 constantly improved. 
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Incidentally the triangulation and the astronomic observations con- 
nected with i t  furnish wduahle data for the determination of tho figure 
of the earth and the variation of densities in  the earth’s crust. 

The t o p o p p h i c  operations have been mostly restricted to a narrow 
margin. rarely more than 3 or 4 miles wide, along the coaat and sur- 
rounding harbors, bays, and rivers to the head of tidewater. 

The hydrographic operations have extended aa far out from the coast 
ae waa necessary for the interests of naligation and have included all 
harbors, channels, bays, etc., as far a8 the work has gone. 

Deep-sea soundings have been made extensively, especially in and 
about the Gulf Stream. 

Much attention haa been given to tides, and continuous aeries of tidal 
records have been obtained a t  important points. 

The results of the operations of the Survey i n  connection with the 
study of terrestrial magnetism are shown on its charts and otherwise 
communicated to the puhlic, i n  the fullest detail, in its numerous pub- 
lications on the subject. In addition to the determination of the mag- 
netic elements a t  many widely distributed points and their frequent 
redetermination a t  selected pointe for secular variation, instruments 
recording photographically are kept in continuous operation a t  five 
baae stations for the purpose of obtaining a record of the ever-present 
fluctuations of the earth’s magnetism. 

The study of the force of gqavity aa a part of the great geodetic prob- 
lem has received attention for many years, and the Survey has do- 
veloped methods and instruments with which the work can be done 
a t  a greatly reduced coRt and with a high standard of accuracy. 

A network of precise levels, covering in a general way the entire 
United States, and connecting the Atlantic Ocean, the Gulf of Mexico, 
the Great Lakes, and the Pacific Ocean, has been run by the Coaat and 
Geodetic Survey, the Corps of Engineers of the United States Army, 
the United States Geological Survey, and by the Pennsylvania and 
Baltimore B: Ohio Railways. Much more leveling needs to he done to 
meet the demands of surveyors and engineers, and tor this purpose the 
Survey has several precise-leveling parties in  the field each year. 

Throughout its history the Survey has constantly been called upon 
to determine boundary lines, both State and national. 

I n  time of war the Survey has always cooperated actively with the 
militnry forces of the United Statea. During the War between the 
States, the Spanid  \\’ar, and the late war i n  Europe practically the 
whole organization of the Survey waa engaged i n  work required by the 
War Department or the Sa\y Department. 

I n  order to make this cooperation more effective, an act waa approved 
Yay 23,1917, empowering the President, in  time of national emergency, 
to transier to the service and jurisdiction of the  War Department and 
the Savy Department such \.essels, equipment, stations, and personnel 
of the Comt and Geodetic Survey aa he may deem for tho best inkrests 
of the country. Provision w s  made by  this act ior the return to the 
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service and jurisdiction of the Department of Vommerce of such ves- 
@IS, equipment, stations, and personnel when in  the opinion of the 
President such emergency had ceased. 

Under the authority thus conferred on the President, five of the 
vessels of the Survey, with their complement oi commissioned and 
other officers and enliated men were transferred to the Kavy Depart- 
ment by  Executive order of September 24, 1917, and a numbnr of coni- 
missioned officers and others were transferred to the Army: others volun- 
teered or were drafted or othemiae entered aome branch of the militsry 
service, and.a total of 272 persona, compriaiug about 30 per cent of the 
total force of the Survey, including its Superintendent (now Director), 
rendered service in the Army or Navy. The commissioned officers 
of the Survev were commieaioned w officers i n  the -4rmy or Navy in 
W d e s  corresponding to the positions held by  them i n  the Survey. A t  
clom of hostilitiea these vessels, officers, and others were returned to the 
Survey. 

The principal publications of the Survey coneist of 659 different 
charta, covering all the coasts of tho United Statm and ita outlying 
insular p o d o n e ;  annual tide tables for all the principal and many of 
the minor porb of the world, the most compxehonsike volumes of this 
claw issued by anj country; Coast Pilota, containing sailing directions 
for all navigable waters dong our coaats; specipl publications which 
give. in a form suitable for URL by survejors and engineers, the geo- 
graphic positions and descriptions of triangulation stationa, the 
elevstiona and descriptions of precise-leveling bench marks, and data for 
the magnetic stations; the annual report of t h c  Director 011 the conduct 
oftho work; and spocial roporta upon the various technical and scientific 
operations of thc aen ico. 

The one hundredth anniversary of the organization ~ 8 8  celebrated h 
the  city of Washington on April 5 and 6, 1916. Addresses were deliv- 
ered by tho representative leaders in the scientific, engineering, civic, 
and military life of t h e  country. These have been collected and pub- 
lished in  a single volume, th ip  furnishing a summary of the \.slue of t h e  
operations and results of the  first century of the Survey’s exbtence. 



TRIANGULATION. 

The main object of a geodetic survey is to furnish the necessary con- 
trol for all other surveys. This control includes the determination of 
the relative positions of some principal points of reference upon which 
to baae the work. It involvea the meaaurement of base lines and the 
measurement of the angles of the triangulation system. In other 
worda, the distances and directions between certain pinta must be 
determined. 

When the area to be surveyed is small or unimportant, the distances 
may be measured directly upon the ground, with chain or tape, and 
the directions may be obtained by the u8e of a compam or surveyor’s 
transit. But when a survey to cover an extensive territory or when 
groat precision is desired, another method must be adopted. -4side 
from the difficulties and delays experienced in making accurate 
linear measurements upon even moderately level ground, the natural 
obatructiona, such aa ba?g, rivers, mountains, and foreeta, frequently 
render direct meaaureruent impracticable. To overcome  the^ diffi- 
culties the method called “triangulation” is employed. It rests upon 
the trigonometric proposition that if one side and the angles of a 
triangle are h o w l ,  the remaining sides can be computed. 

A line, forming a side of one of the triangles and called the baae, is 
meaaured with extreme care. The angles of each triangle are measured 
and the diatancea between the points are then computed, one from 
another, through the successive triangles, proceeding in regular order 
from the measured line or “baae.” 

Triangulations are usually classified aa “primary” or “precjee,” 
“aecondary,” and “tertiary,” according to their accuracy. No longer 
is a triangulation classified according to the GEM of the triangles in- 
volved. Primary triangulation is used in extending the fundamental 
control over the country and in accurnte city surveys, such aa those 
in New York end Cincinnati. 

In the earlier days, when it waa necessary to extend the primary 
triangulation ac rm the country rapidly, very long lines were med 
whenever powible, theae lines, i n  many casea, being over 100 milw 
in length. A t  present the economical length of line for primary work 
is conmdered to be from 25 to 40 miles. The length of line should be, 
88 a rule, such that the total coat of the work of ,reconnokance, building, 
and angle measurement will be a minimum per mile of progress. Pri- 
mary triangulation is ueed aa the framework for all other surveys. The 
s~curacy of this class of triangulation is that represented by an average 
closing error of about 1 second of arc; that is, the Bum of the three 
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12 U. 8. COAST AND GEODETIC SURVEY. 

measured angles of a triangle will, on the average, vary from 180" by 
not more than I//. Of course, ill large trianzles a correction to the 
observed angles must be made on account of the curvature of the 
earth's surface. 

The success of any triangulation depends to a great extent upon the 
reconnoissance, which is the most difficult and exacting task of an 
extensive survey. No two regions call for the same treatment, but 
some general considerations can lie briefly outlined here. 

Fir;. 2.-COMPLETED TRIANGULATION TOWER. 

A reconnoissance may be preliminary to minor triangulation along 
the seacoast, a river, or an estnaiy, where but a moderate degree of 
accuracy is required, and the range of selection of points is limited 
by the purpose for which the triangulation is to be used, namely, t he  
control of a hydrographic or topographic survey along the shore. Or, 
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again, it may have to do with the arrangement of a great triangulation 
to cover a wide region. In  the latter m e ,  careful study will be r e  
quired in order that the resulting project may best Bstisfy all the con- 
ditions. A r e c o n n o h c e  for triangulation of the largest size i~ a 
matter of great complexity and demands great skill, experience, and 
judgment. It includes the collection of all information that will be 
valuable in  the future operations of the building and observing parties, 
suvh a3 the proper selection of stations, location of base lines, and 
.wiirres of supplies for the psrties. Heavily wooded country is the moat 
troublesome and makes i t  necessary to climb the talleat trees, or to 
raise polca taller than the trees, from which the distant horizon can bo 
seon nnd such observations made a~ may be practicable. The most 
favorable country for n scheme of triangulation is a valley of proper 
width, with peaks on either side. It is possible then to select the 
proper atations with little clearing and building. Naturally the most 
elevated pointa will be chosen, provided their location will give the 
beat shaped triangles, for the selection of low pointa might necerasitate 
the building of high towers. A moat important and difficult part-of 
the reconnoiessnce is the determination of the heighta of the towera 
necwsry to make the line joining any two of them clear of all obstruc- 
tions. These heighta will depend on the relative elevation of the 
'ground at the stations and of the intervening region. 

When the reconnahnce  of a region has been completed and the 
Rtations of the triangulation have been selected, the three anglea of 
each triangle are carefully meaaured. Inatrumenta, called theodo- 
lites, of various sizes, and stands or pier8 of different kinds are employed, 
according to the character of tho country, the size of the triangulation, 
and the facilities at hand. These conditions also determine the kind of 
signals or objecta to be used at the &&ant stations. A t  great distances 
the only objects which can be used are heliotrope8 by day and powerful 
lighta by night. The heliotrope is a small mirror BO arranged that it 
reflecta the sunlight toward the obaerver. For mme yeara automobile 
headlighta burning acetylene -,have been used for night signals. 
Recently an electric signal lamp has been deaigned, principally for 
primary triangulation, the lamp being operated by dry-cell batteries. 
It haa been found from experience that these electric fflgnal lampa are 
much more poworful and can be Been when it would be impossible to 
observe the acetylene lamps. 

The theodolites used i n  primary triangulation are instrumente with 
well-graduated circlea 12 inches i n  diameter. The circle ia read to a 
second of arc by each of three micrometer microscopes, the mean of the 
readings constituting one observation of a direction. Were all the condi- 
tions perfect, a single careful obsorvation of each direction would 
be siificient. But the most excellent instrumente have some defocta, 
t,he moat careful observers are liable to some alight error, and, above all, 
the line of sight, p k n g  through miles of atmosphere of variable donsity 
and temperatiire. is subject to iiifluenccs which defy analysis, and 
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which call be neutralized only by making observations under different 
conditions. In order also to eliminate errom due to irregular graduation 
of the hot izontal circle, these successive observations are made on differ- 
ent parta of the circle by shifting it through a d e h i t e  portion of the cir- 
cumference after each set of observations. 

Recently an 8-inch Wanschaff theodolite has been used on mme of the 
primary triangulation. I t  is lighter than the 12-inch instrument and 
greater speed can be obtained with it while still maintaining tho re- 
quired accuracy. 

Triangulation with very long lines is poseible only in regions of high 
mountains, where the curvature of the earth is overcome by the natural 
ele\rations: In lower country, heavily wooded, or where peaks of 
nearly uniform height are closely crowded together, trianjyilation must 
have more rn4eGte dimensions, with lines from 10 to 40 miles long. 
In such country it  ill often be necessary to elevate the instrument 
from 20 to GO feet above the ground, either on some existing building 
or upon a structure built for the purpose. While the practice in the 
Coast and Geodetic Survey is to limj t to about 60 feet the hoight of any 
support especially built for the inetrument, yet the heliotrope and 
lamp support i s  some$mes built as,high aa 125 feet above the ground. 
If the reconnoiaeance ia well done, such heights aa 60 feet for the thoodo- 
lite and 125 feet for the heliotrope and l a m p  need not be exceeded, 
except in regions where tho land is flat and the treos of exceesive height. 

By meah of primary triangulation, the d h c e  between two pointa 
may be obtained with an error of not more than one one-himdred- 
thousandth of the distance. NO miles 
the error will probably be less than 5 feet. 

In secondary and tertiary triangulation the same general principles 
apply as in primary triangulation, but the details of the work will vary 
with the circumstances. Heliotrope and l a m p  are rarely wed, and 
the anglea are nearly always measured with smaller theodolitos and a 
smaller number of measures are made. The accuracy of eocondary 
triangulation is represented by an average closing error of a triangle 
of not more than 3 eeconcla of arc and that of tertiary by not more than 5 
seconds. 
In a tertiary system the object is primarily to furnish pointa for 

topographic and hydrographic surveys, and extreme precision is un- 
necessary because nothing else depends upon them points. Secondary 
triangulation is usually used in connecting the primary work with the 
tertiary. 

After measuring the angles of any class of work the triangle sides are 
computed. The latitudes and longitudes of all etations are also com- 
puted by geodetic formulas, which are adapted to a particular spheroid 
representing the earth’s size and shape. All distances determined by 
triangulation are referred to sea level. 

For instance, i f  the dietance 
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In the survey of a city or  other survey of limited extent. it  is CUE- 

tomary to utw a system of rectniigiilar coordinates bawd upoii plane 
siirvejhg i n  addition to the geographic coordinates-latit~idc sild 
lougitnde. In tho plane system all points are referred to ari arbitrarily 
selected pnir of rectaiigrilnr coortlinntc. axtis iiistcad oi to  the actrial 
meridians nritl parallels. 

Fig. 5.-STANFIELD BASE N E T  

1L is possible, knowing the geographic coordinatcs (if  triaiigulatioii 
stations in a certain area, to obtain by simple formiilas the rectnngiilnr 
coordinates. After an origin has been selected, all the directions nre 
referred to the true meridian passbig through it.  

If tho triangulation is to serve any further piirpose, it is very 
csseihal that the stations be marked in  a permmelit manner. The 
practice i n  this survey is  to have at every station a standard metal 
triangulation mark, which, i f  practicable, is set in  rock or concrete. 
(See fig. 1.) There is also placed an underground mnrk which is sopa- 
rated from the surface mark. In addition there is set a t  least oiie refer- 
ence mark, which is referred to the station by an angle and distance. 
This reference mark is not only important i i i  serving in  place of the 
station mark i f  the latter is dostroyed, but it aids in  tho recovery of tht. 
ststion mark. If the station mark is in bedrock it is surrounded by u 
triangle cut  in  the rock, so that it wil! he possible to recover the dation 
approximately i f  tho metal disk hna bccn removed. 

It is especially important in  the execution of a triangulation schemv 
that careful and accurato deacriptiotm of all stations be made. The. 
description should onable one who is unfamiliar with the locality to 
find the exact point determined and to positively identify the monu- 
menta marking the station. 

Figure 6 (see folded map) shows the progrw of the control triangu- 
lation in the  United States. This trissgulution w a ~  done by the U. S. 
Coast and Geodetic Survey, Corps of EnbfineeiB (V. s. Army), Iriter- 
national Canadian Boundary Commiesioti, and other organizntions. 

Seealso: General Instructions; Appendix 4, Report for 1903; Appen- 
dix 4, 1911; Special Publication No. 19. 
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BASE LINES. 

In a triangulation i t  is neceasnry to determine by direct measure- 
ment the length of one of the Wnes of the scheme from which to start. 
From this line, as a baae, and the observed angles a computation will 
give the lengths of the other lines of the triangulation. It is usual in  
an extensive scheme to h a w  direct measurementa of one or more addi- 
tional triangle sides to strengthen the computed lengths and to guard 
against gross errors. The direct measurement of those sides of the 
triangles uaed as bases has been a difficult problem for surveyom and 
geodesista until recent years. At present the bases can be measured 
with great accuracy by means of tapes or wires made of the alloy of 
nickel and steel called invar. 

Among the earliest forma of measuring apparatus wed were wooden 
bare and glass tubes. These were not satisfactory, and they gave way 
gradually to metal bars, which apparently were first used i n  1788 in 
Italy, and a little later, i n  1798, in  France. 

The bars were usually made of steel or brass, and they maintained 
their lengths most mtisfactorily. hut tho great difficulties involved were 
the determination: (1) Of their exact lengths in  terms of Borne standard 
unit, a t  some given temperature; (2) of the amount of change i n  
length for a given change in  temperature; and (3) of the exact tem- 
perature of the barn during the field measurement. 'The first difficulty 
was overco~ne by standardizing the bars in  a room which could be 
maintained at a constant temperature, and the coefficient of expan- 
sion was determined by standardizing the bars in  the room a t  widely 
different temperatures. I t  was impracticable to obtain the tempera- 
ture of the single-rod bar during field meaauremenb i n  daylight wit11 
a high degree of accuracy. Many methods of insulating and protecting 
the metal rod were employed, but the temperatures read from the mer- 
curial thermometer inserted i n  the case did not correctly indicate the 
actual temperature of the rod. 
I baae measured with single brass or steel rod bars, with a small 

probable accidental error, might have a large actual error. As an 
example, a base measured by a set of thew bam i n  Colorado, with a 
probable accidental error. of only 1 part in  752,000, was, in 1913, 
remeasured with invar tapeH and the difference in  tho two lengths w w  
1 part in 59,000. 

I t  is prohahlc that steel or brass single-rod bara would give more 
accurate rcsulta if used only on cloudy days, or if they were usod at 
might, when the temperature ie ap t  to be more constant, for then the 
temperature given by the thermometers would be more nearly that  

18 
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of the bars. But cloudy days i n  mme regions are not numeroue, and 
to have mcwured a Ime at night would have hcm a difficult and tedious 
undertaking. 

In order to ~ninimize or eliminate the effect of errora i n  ternpera- 
ture, various compound barsjyye deviiaed. One type consisted of two 
parallel rods of different metals, 6uch aa platinum and copper, or steel 
and braas, the two rods of a bar haling very different rates of expansion. 
Theoretically, the average temperature could be obtained by noting 
the difference in  length of the two components, which were m n g e d  
with suitable scales for making the comparison. This prin&ple of 
differential expansion was applied in scveral different mays. Other 
compound bars were dcsigned to giw a constant length by  a com- 
pensating arrangement of the components. 

Excellent results were obtained with the Bache-R’urdemann com- 
pensating bars of the (‘oast and Geodetic Survey, but  it waa found that 
slightly different results were obtained with riaing and with falling 
temperatures. This trouble was minimized by having the bars stand- 
ardized under each condition. The Eimbeck duplex bars of the Sur- 
vey aleo gave a high degree of accuracy in the measurementa, but  they 
were not ueed much, aa the u m  of the tap- was begun shortly after 
they were made. 

In the field meaaurementa the bam were supported by portable 
tripods. The bam were either “line measures” or “end measures.” 
In  the first type the length of the bar is the dirrtance between two very 
line lines engraved on the top of the bar near ib ends. The succeesive 
bar lengths were rcferred to powerful microscopes mounted on posh 
net along the line of the base. I n  the “end measures’’ the length of 
thv bar is the didance between its ends, and the procedure waa to set 
two bars end to end and then move the rear one ahead and bring ita 
rear end into contact with the forward end of the bar left i n  place. 
I n  one of the earliwt methods of memuring, the two bars were brought 
nearly together, and the distance between them wm measured by a 
wedge properly graduated and standardized. The wedge was inseqted 
between them and the poinb of contact of the bar ends on the wedge 
would enable the distance between the bam to be determined accu- 
rately. These small dietances would be added to the whole number 
of bar lengths. The usual and better method of making the contact 
of the two bars waa to haye a sleeve fit over one end of each bar, the 
eleeve being connected with the bar by a spring. The bar was normal 
when a graduation .on the sleeve coincided with a graduation on the 
bar. h slow-motion delice enabled the operator to move the forward 
rod in it8 case until the contact with the rear bar nm perfect and the 
two graduations on the bar and sleeve coincided. This procedure waa 
repeated throughout tho length of the haw. 

The only bar u ~ e d  in the Vnitctl Statcs. and probably i n  the world, 
which \vi11 give entire satisfaction in bo far aa accuracy is concerned 
is a ”line meaaurc” called the “iced-bar apparatus” of the Coast and 
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Geodetic Survey, which waa designed by Dr. R. S. Woodward. Dur- 
ing measurements this bar is placed in a trough which i s  filled with 
cruclhed ice. Thus the bar is kept at a uniform and definits tempera- 
ture, that of melting ice. Of coum, 'measurements can not be made 
when the tempernture of the air is below the freezing point. The 
trough is mounted on a carriage which runs along a portable track. 
The successive bar lengths are refelTed to microscopes placed on posts 
act along the base. The coat of using this bar in the Geld is pro- 
hibitive, and it haa been and is now used pnly for the purpoae of stand- 
ardiisstion of other apparatua, and for this it is unexcelled. 
Steel wirca and tapea were used in general surveying long before 

they were used for the measurement of primary base lines. They 
were apparently firat used succeaafully for baaes by Prof. Jaderin, of 
Sweden, about 1882. Tapes were experimented with at the Holfon 
primary base, Indiana, in 1891, and found to be as accurato when 
used a t  night and much more economical than bars. Tapes were 
used in 1893 and 1897 in measuring the baaes a t  St. Albans, W. Va., 
and a t  Verenilles, Mo. In 2900-1901 steel tapes of 100-meter and 
,%-meter lengths were used in connection with the Eimbeck duplex 
bars in the mwurement of nine primary baaes on the ninety-eighth 
meridian. The result of this campaign proved conclusively that the 
tapes used at night gave an accuracy aa great aa that obtained with 
the beat bars. 

In 1906 the Survey tosted tapes made of tho alloy of nickel and 
eke1 (called invar) by measuring six primary bsses with both steel 
and invnr tapes. The invar tapes gave rosults of even poster accu- 
racy than the steel tapes, although the former were used in  daylight, 
while the latter were used at night. All of the tapes were 50 meters 
in length, this length having been found more satisfactory than 100 
meters during 1900-1901. 

The average coefficient of expansion of the invar t a p  used by 
the Survey is only 0.0000004 per degree Centigrade, or about one- 
twenty-fifth that of stool. Having available a metal with such a 
low coefficient of expansion, the grqat problem in baae meaaurement 
haa been solved. Bars of this metal would no doubt give a moosure- 
ment almoat without error, but invnr tapes give reaulta which have 
actual errom little or-no greater than one part in one million, and, 
aa n baae can bo measured with tapes for 35 per cent or less of the cost 
of bar meaaurements, it is practically certain that no more baae linss 
will be moasured with bars. Tapes have the additional advantage 
that they may be isod over broken ground and steep E~OPCE where 
bars could not be n d .  

Tho data avnilable indicate a remarkable conatancy in the values 
of the lengths of the invar tape8 used in recent years. It may be 
stated also that the invar tapes are not so susceptible to injury during 
field work aa waa supposed to be the caae Boon aftor their introduction. 
&ch of the o m  partiea which iieed the t a p s  under discussion had 



22 U. S. COAST AND OECDETIC SURVEY. 

only two members who were skilled in the u88 and treatment of t a p ,  
the other persons in the party being unskilled men. The members 
of each party were cautioned to uae every care i n  handling the tap, 
but, even so, it aeem remarkable that not one of the tapes hm been 
in jured. 

Invar wires are used in some of the other countries with great suc- 
cas. The advantages of wires over t a p  about equally balance the 
advantagea of the tapea over the wires. Each type of apparatus will 
give results far greater in accuracy than that required. The wire is 
lees affected by the wind. The tape is more 4 y  reeled and unreeled 
than the wire. The wire may become twisted without detection, while 
this seldom happens with the tape. The Wire emma to be more subject 
to kinks than the tape. Owing to the lesser thickness of the tape, a 
smaller diameter may be used for its reel than for the reel of the wire. 

The method of supporting the tape or wire during meaeurements, of 
applying the tension, and of marking successive lengths varies greatly. 
Each method hae ita advocates and special advantages. The method 
employed in the Coast and Geodetic  SUN'^^ is to set stakes firmly 
throughout the length of the base. A t  50-meter intervals (the length 
of the tape) a stake 4 inchee in c r w  section is wed. The intermediate 
supports are nails driven horizontally into stakes set just off the line. 
Usually only one intermediate support is used, and, except in ram 
cams, ita top is in a straight line with the tope of the two end supporb. 
The tape lengths are transferred to copper s t r ip  nailed to the tops of 
the end supports, the atripe being of the =me thicknees aa the sleevea 
of the tape which carry the graduations. The temion is given by a 
epring balance attached to a stretcher. A line of levels is run over 
the base in both directions to get the grades from which corrections to 
give the horizontal distance are computed. The eetting of the stakes 
and the leveling may be done in even strong winds, while the calmest 
days are utilized for measuring with the tapes. 

It is customary to divide the base into sections of about a kilometer 
in length and to measure each eection twice, wing a different tape for 
each measurement. The two results to be acceptable muat have a 
d l e r  discrepancy than 20 millimeters times the square root of the 
distance in kilometers. The mean of the two meaaurementa is taken 
88 the final length. Usually three different tapes are used for each 
base, different combinations of two of the three tapes being uaed on 
different sections in such a way that each of the three tapea is used in 
onethird of the meaaurements. The probable error in the measured 
length of a primary base line ia usually less than 1 part in  l;OOO,OOO. 

The base party usually  cons^ of six persons, and only one needs to 
havo had previous experience i n  the work. In fact, the measurement 
of even a primary base i a  so simple an operation that this work is now 
considered a mere incident of the triangulation and is done by the 
triangulation party. This plan haa two decided advantages: Fbt, 
the lengths of the bases will be known when the triangulation of 8 ~ .  
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arc haa been completed; and. eocond, the baae work can be done a t  
much lower coat than where a party ia especially organized and out- 
fitted for measuremont of bases. 

The average field cost of measuring a base by the triangulation 
party ia about $50 per kilometer. The cost by special partiea may be 
50 per cent greater than thb. "he coat of the mwurementa with base 
bara varies greatly, but the minimum waa eeveral times greater than 
that with the tapes. 

See also the following publications of the Coat and Geodetic Survey: 
Appendix 8, Report for 1592, On the measurement of the Holton base, 
Indiana, and the St. Albans base, West Virginia; Appendix 3,1901, On 
the measurement of nine base lines along the ninety-oighth meridian; 
Appendix 4, 1907, Six primary bases measured with steel and invar 
tapes; Appendix 4, 1910, The primary base linea at Stanton, Tex., and 
Doming, N. Mex. 



PRECISE TRAVERSE. 

%verse is a surveying operation de+ned to furnish the latitudes 
and longitudes of a number of points which form the control or base 
stations for detailed surveying operations. ‘hverse is used in those 
areas which are so flat or so heavily wooded that it would be excessively 
expensive to carry on triangulation (see pp. 10 to 17) owing to the 
necessity of having high signals to elevate the surveying instruments 
above intervening obstructions. The traverse linea nearly alyays 
follow railroads and, therefore, very little mgnal building and clearing 
of lines are necessary. 

Precise traverse, as carried on by the United States Coast and Geodetic 
Survey, consists practically of a series of base linea placed end to end. 
The measurement of each of the lines is made with almost the eame 
accuracy as is uaed on primary base lines. (See p. 22.) The angle 
formed by each two contiguous lines of traverse ia measured in the eame 
may as in primary triangulation, but only about one-half as many 
measurements of the angle are made. The observations are made on 
poles instead of heliotrop and lamp, as the lines between traverse 
stations are shorter than in primary triangulation. The probable error 
of the measurement of an angle ia a l m t  double that of primary triangu- 
lation. 

Traverse was used very little in control surveys by the Coast and 
Geodetic Survey previous to the year 1917. Since that year an elabo- 
rate system of preciae traverse lines hae been established in Georgia, 
Virginia, North Carolina, South Carolina, Florida, and I,ouisiana, for 
the purpoae of furnishing control for military and other m a p  in the 
parta of the country through which the lines run. 
-4 section of a line of traverse ueually c o d  of the distance between 

the intepections of a tangent with the two contiguous tangents of the 
railroad. A tangent ia the technical name of a straight piece of track 
of a railroad. A t  each of the intersections of two contiguous tangents 
is located a station of the traverse, but occasionally when a tangent is 
very long or the profile of the railroad is such that it would be difficult 
to observe between the two ends of a tangent, one or more stations are 
placed to the side of the railroad. Usually the traverse stations are 
not more than 5 m i l a  apart. Whenever a traverse runs through a town 
of considerable size, at least two traverse stations are established cloee 
to it in order that the results may he used by the local engineers and 
surveyors in their work. 

(See pp. 10 to 17.) 
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The length of each of the lines of the traverse is measured with great 
accuracy with a regular base tape 50 meters in length made of nickel- 
steel alloy, commonly called invar (an abbreviation of invariable). 

The advantage of ming this metal is that ita expansion and contrac- 
tion with changes i n  temperature are very small as compared with 
steel and other common metals. There are two marks on the tape, one 
a t  each end, which are almost exactly 50 meters apart under standard 
conditions. The exact difference between the distance from one mark 
to the other and 50 meters is determined a t  the Bureau of Standards. 

The tape is used on the traverse under exactly the eame conditions, 
aa far as practicable, as obtained when the tape waa standardized at 
the Bureau of Standards before being sent to the  field. What is desired 
is the  hOri7,ntal distance between the ends of the tape when it is 
stretched out. In order to have thk it is necearary to know the differ- 
ence between the temperature of the tape when the mwurement  is 
made and the temperature of the tape when it waa standardized. The 
temperature of the tape is obtained from readings of two thermometers 
attached to the tape during the measuremen@. From this it is posaible 
to compute a correction to the measured dbtance. If the temperature 
is higher than the standard temperature the correction must be added, 
while if the temperature is lower than standard the correction muat be 
subtracted. Another correction that is necessary is for the inclination 
of the tape or grade. It is readily seen that if the measurement is made 
on a slope the distance between the ends of the tape will bo greater 
than the corresponding horizontal distance between the ends. It is 
neceseary to apply the mme pull on the tape that waa used during the 
standardization. This pull is usually 15 kilo,mm~ (about 33.1 pouhde), 
and is applied+y a spring balance attached to one of the two especially 
designed stretchers. When this tension has been applied and the 
tape is held on the top of the rail it aasumea practically a straight line 
between its ends. .If the tape is not stretched with this rather high 
temion, it is w i l y  seen.that the small bends in the tape would make 
it impossible to get an accurate mwurement. 

There iS usually a dbtance of ecveral hundred feet from the point a t  
which the curve begins a t  the end of o. tangent to the traverse statim. 
Along this distance there are placed etakes to support the tape during 
the measurement. When measuring over the stakcs the fonvard end 
of tho tape is marked on the stake by  m a s  of n pin or n scratch made 
with a knife or some other sharp-pointed instrument. Occasionally a 
namw strip of copper is nailed to the top of the stake and the end of the 
tape b referred to that  b y  a scratch on the copper. 

W i l e  measuring along the  tops of the raile the rear mark on the tape 
is brought into coincidence with some mark that  has previously been 
made on the rail (see fig. 9), and the mark on the forward end of the 
tape is transferred to the rail by a glaw cutter. 

The accuracy with which a line of traverse i~ measured with the invar 
tape is about one one-hundred-thoussndth of the distance measured. 
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For instance, i f  the diatance is 1 mile, the error in measurement of the 
distance would be only about two-thirds inch. 

The @e or inclination corrections to reduce the measured distance 
to what it would have been if the rail had been horizontal are obtained 
from the raulte of a line of precise levels which is carried along the 
rail. This leveling determines the elevationsof the traverso stations, 
the points of tangency on the mil, the rail opposite any traverse station 
that is not a t  the intersection of two tangents, and any point where the 
grade of the railroad makes a decided change, that is, where there is a 
depression or a hump in the track. 

In addition to other corrections it is necesssry to apply one which 
will reduce the horizontal distance between two stations to what it 
would have been i f  it had been meaaured a t  sea level. It L readily 
wen that in order to have the conbol surveys, extending over a large 
area, accurately fit the earth and not be distorted, all distances must 
be referred to e a  level. All that is neceseary in order to reduce the 
distance to sea level is to know the average elevation of the line, the 
general direction of the line, and the shape and &e of the earth. 

The traverse line usually starts from mme station of the triangulation 
net of the country whose latitude and longitude and the azimuth of one 
of the triangulation lines radiating from it have been determined. 
After the distanca and anglee of the traverse have been measured, 
the geographic positions of each of the stations of the traverse can be 
computed and the azimuths of the linea of the traverse can also be 
obtained by combining the angles measured along the traverse with the 
azimuth of the line of the triangulation from which the traveree b 
started. At frequent intervals along the traverse the azimuth of a 
line must be determined astronomically by observations on Polaris. 

At  the office of the Coast and Geodetic Survey i n  W d k g t o n  an 
adjustment of the traveree line is made to fit it into the general network 
of the tiiangulation and traverse ha of the country in  order that there 
will be no inconsistencies in the work. In the adjustment the astro- 
nomic azimuths that are observed along the Line of traverse are used 
to control the goodetic azimuths whi,eh are carried through the m&ured 
&gla from the preceding azimuth station or from the line of triany- 
lation where the traveree started. 

In all measurements in surveying it ie Wise to have such methods 
88 will make it @ble to discover mistaka in the work. In older to 
guard against mistakes in the measurement of the traverse lines with 
the 60-meter invar tape, a rough measurement is made with a 300-foot 
steel tape. The measurement With the latter rather crude in com- 
parison with the work that is done with the h v a r  tape but it b of suffi- 
cient accuracy to discover any large mistaka, such aa added or dropped 
tape lengths or a setback for set-up, or vice v m .  Set-ups and setr 
backs are distances in tho traverse line which are shorter than a full 
tape length. It irc seen that it would be impossible to make a m h k e  
in each measurement which would have exactly the same value when 
tapes of different lengths nnd different units are used. 
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.is in triangulation, each traverse station is marked by a metal disk, 
Iwnperly inscribed, sot into d i d  rock or esperially constructed blocks 
of tnncrete. (See p. 17  and fig. 1.) 

I t  has been found that the accuracy which can be obtained with 
precise traverse is as great as that obtained by primary triangulation. 
(See p. 1G.) I t  ie reneonably certain that the distance between any 
two p0inf.a of a traverse which has been adjusted for azimuth and loop 
closurea is known within about 1 pax t in 100,OOO. 

The traverse has the advantage over triangulation by having ita 
stations much closer together and in places that are more accessible, 
and therefore can be ueed by the suneyora and engineera to greater 
adwantage. Besides, the traverse lines are run along rnilrond tracks 
where trnnsportation of pnrtiea, instrumente, and equipment is easier 
than ill triangulation. Small motor cars are generally usetl to trnnsport 
the partiea. (See fig. 8.) On the other hand, triangulation haeadvnn- 
tagcs over traverse becauee of the fact that ita stations are usually on 
. high pcinta and thus are h i b l 6  from much larger a r m  than is the case 

with stations of the traverse. Besides, the trianylation stations are 
usually 10 or 15 miles apart, and it can be Been that in carrying on an 
arc of triangulation a belt of country of approximately 10 or 15 miles 
ill vidth is controlled, while with the traveree there is only a single 
line. 

After the completion of the work in the field and the office, the results 
of the precise traveree, consisting of the geographic positions of the 
stations, the distancea and azimuths of the lines, and the descriptions 
of the stations, are published in pnmphlet form for the w e  of engineera 
and map makers. 

The Const and Geodetic Survey hae not carried on any secondary 
tiwerse, although it has perfected methods to be used in thie c l w  of 

‘work in place of Becondary triangulation wherever the conditions mnke 
i t  more economical to do 80. The aocondary tmverso is almost exactly 
similar in character to the precise traverse, except that the methods 
i t d  are not quite 80 refined. 

Anyone who wishes to study the tmverso work and method8 of the 
United States Coset arid Geodetic Sutvey is referred to Special Publi- 
cation KO. 58 of that organizntion entitled, “General Instructions for 
Preciee and Secondary Traverse.” 



ASTRONOMIC WORK. 

Theunited S t a b  Coast and GeodeticSuqvey has carried on astronomic 
work i n  the Cnited States and its posseRsionR, including the Philip- 
pines and Alaska, for many years. The purpose of this work is to give 
the location of citiea, islands, and other widely separated placea i n  
connection with the surveying and mapping of the coash and interior 
of the country, td locate the stations a t  which magnetic obeervations 
are taken, and to supply certain data needed i n  the adjustment of the 
triangulation net of the country. 

Astronomic work conaista of the detemiination of time, latitude, 
longitude, and azimuth. Thew four c l a w s  of work are described in  
separate sections below. 

TIME. ‘ 

The time observations made by the engineers of the Coast and 
Geodetic Survey are, i n  general, of two classes, depending on the 
accuracy required. For the less accurate work observations are made 
on the sun or stars by means of a sextant or vertical circle. With 
these instruments the angular distance of the Bun or of a ntar from the 
zenith, the point directly overhead a t  the place of thc observations, 
is measured and, at the instant the obeervation is made, the time is 
read on a chronometer or watch. Other data needed i n  the determi- 
nation of local time-that is, the determination of the error of the 
chronometer or watch-are the approximate latitude, and, for observu- 
tions on the sun, the approximate longitude of the station a t  which 
the obeervations are being made. The coordinatfts of the star’s position, 
namely, ita angular distance from the Equator, called declination, and 
its angular distance from the hour circle through the vernal equinox, 
called right ascension, are needed for the computations and may be 
found i n  the American Ephemeris and Nautical Almanac, published 
by the Naval Observatory, Washington, D. C., or in similar books 
published by  other countries. In order that the effecte of refraction 
and instrumental errors may be eliminated from the results to a great 
extent, observations are made on a star to the eastward of the station 
and on another to the westward. The error of the determination of 
time with a sextant or vertical circle is approximntely one-half second. 
In the most refined work of the h t  and Geodetic Survey time is 

determined with an instrument called an astronomic tnmsit. This 
instrument is shown i n  figure 12. Descriptions of i t  may be found in 
Special Publication No. 14 of the Coast and Geodetic Survey or in  any 
textbook on geodetic surveying and astronomy. In its general prin- 
ciples it is  eomewhat similar to the ordinary surveyor’s transit, except 
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Fie. 10.--ZENITH TELESCOPE USED IN LATITUDE DETERMINATIONS. 
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that it is much larger and has no circle for reading horizontal angles. 
It consists of a telescope with a rotation axis rigidly attached at right 
angles to i t  and terminating in pivots which are supported in two wyee 
or standards. The telescope contains wires placed in the focus of the 
objective, eo that the image of a star a t  which the telescope is pointed 
will be in the wme plane 88 the wires. The eyepiece of the instru- 
ment consists of a simple lens or combination of lenses which magnify 
the-wires and the image of the star in order to make them visible to 
the observer. 

When the instrument is in adjustment, the line joining the center 
vertical wire in the telescope and the center of the objective lens 
is a t  right angles to the horizontal axis of the telescope, the hori- 
zontal axis of the telescope is truly horizontal, and the vertical plane 
described by the line of sight as the teleecope is swung on ita horizontal 
axis is coincident with the plane of the meridian. It is impoesible 
to have the adjustment of an instrument absolutely perfect and, there- 
fore, methods of observing are followed which will eliminate, or at 
least greatly minimize, the emre due to the lack of perfect adjustment. 

Twenty year8 or more ago the usual method in  the determination of 
time with the astronomic transit wae to record tho time as shown on 
the chronometer when the star paesed each one of n number of vertical 
wires in the telescope. There were two general methods for making 
the observations, one called the eye-and-ear method and the other 
called the key method. In  the firet method the observer listened to 
and carried the wonds  beat of the chronometer in his mind while 
watching the star crow the Wires in the telescope and thus was able to 
note the time of crossing each Wire. In the second method, each time 
the star crossed a wire the observer pressed n key which broke an 
electric circuit through a chronogaph and thus recorded the time on 
the chronograph sheet. 

The chronograph, aa the name implies, is an inetrument for “mark- 
ing” or recording time. (See fig. 13.) It hae a drum revolving a t  a 
uniform speed on which a pen or pencil traces n line in the form of 
a helix. Theopen is operated by an armature which cauae~ it to make 
n jog in the line whenever the electric circuit is broken. The c b  
nometer is connected i n  this circuit and automatically breaks the cir- 
cuit every second except the fifty-ninth of each minute. The line on 
the chronograph sheet will therefore show a jog or notch for each second 
of the chronometer except the fifty-ninth, and an extra notch for each 
time the circuit is broken by the key. The exact time when the key 
was operated can therefore be scaled directly from the chronograph 
sheet. (See fig. 15.) 

The modern method of noting the times of transit of the stsr acrom 
the field of the telescope ie that of the self-registering micrometer. In 
this micrometer in a movable thread which can,be made to follow the 
star aa it croases the field. By means of a wries of automatic electric 
contacts in  the niicrometer eyepiece a record of the star’s paesage 
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acroaa the meridian is made automatically on the chronograph aa 
described above. 

The great advantage of the automatic method of recording the time 
at which the star paaaes the meridian ia that it eliminatea what k 
called personal equation, which ie preaent in the eye-andear and 
also in the key method. The peraonal equation is a n  error uncon- 
sciously made by  the observer i n  constantly observing either too soon 
or too late the paessge of a star wrom the wiree. The more expert the 
observer, the more nearly constant is his personal equation. 

Since the righ t sscenaion of a star is the local sidereal time of its pas- 
eage acroea the meridian, the error of the chronometer may be e a d y  
computed from the data furniehed by the observations described above. 
The details of the methods employed in making theee computations 
are given i n  Special Publication No. 14, of the United States Coast and 
Geodetic Survey, entitled, “Determination of Time, Longitude, 
Latitude, and Azimuth.” 

A determination of time with an astronomic transit usually consists 
of observations on five or six stsrs which are especially selected to 
form a group. The probable error of a determination of time from such 
a group in usually not greater than about .02 second. This accurate 
timework of the United Stat@ Coast and Geodetic Survey k done 
almost exclusively for the determination of longitude and in connec- 
tion with the determination of the intensity of gravity. (See p. 94.)  

LONG 1Tb DE. 

A s  is well known, the position of a placo on the earth’s surface is 
e s p r d  in terms of latitude, the angular distance north or south of 
the Equator, and Df longitude, the angular distance to the enst or wmt 
of aome adopted initial meridian. The meridian that is in  almost 
u n i v e d  use at the preaent time is the meridian which passes through 
the observatoj at Greenwich, England. A meridian is simply an 
imaginary line formed by  the interaection of a plane with the earth’s 
suffaw or with the celestial sphere. This plane contains the earth’s 
axifi-lkpd is at right angles to the plane of the Equator. 
Th$ determination of the longitude of a place Cornish, therefore, 

in measuring the angular distance between the adopted initial meridian 
plane and the plane of themeridian through the place whoee longitude 
is sought; or i t  may conaiat in the determination of the angular distance 
between the meridian through eome place already referred to the 
initial meridian and the meridian through the new station. 

The angle between any ‘two meridians can be expressed in degrees, 
minutes, and seconds of arc or in hours, minutes, and ecconds of time. 
There is a simple relation between these two measures. An hour is 
equivalent to 15O, a minute of time is equivalent to 26’ of arc, and a 
second of time to 16” of arc. With this known relation between time and 
arc me have a means by  which to detormine the difference of longi- 
tude. This conaists simply in determining the difference between the 
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local timee at the two places, one where the lonfiitltde is knomn, and 
the other where it, is unknown. 

ASTRONO3IlC N'ORK. 

Fig. 12,-LARGE P3RTABLE TRANSIT WITH TRANSIT MICROMETER USED 
I N  T I M E  AND LONGITUDE WORK. 

Before the invention of the electric telegraph i t  was necessary i n  
determining a difference of longitude to  transport a chrononleter set 
to the local time of a place where the longi t~~de is known, as for in- 
stance, Greenwich, New York, Paris, or some other place, and com- 
pare this time with the local time as determined by observations a t  the 
new station. This is the method still iisetl by navigators. 
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Other methods of determining the differences of longitude are t o  
observe the local time that the moon cromes the local meridian, or 
lhat stars are occulted by  the moon, or ‘that the eclipse of a satellite 
of Jupiter occura. While these methods avoid the uncertainty i n  the 
rate of the chronometer when carried from one place to another, the 
resulting differences of longitude are not of a high degree of accuracy 
and the computation of the local time and the Greenwich time at which 
the observations take place is a laborious process. 

Another method that has been used by explorers in  the determina- 
tion of longitude is that of observing flash- of light on mountains. 
Them flaahes are made by mirrors reflecting the light of the sun or by  
explosions of powder. The two observers note their local times a t  
which the flash occurs and later the information is sent by each obmrver 
to the other and the difference i n  time becomes known. 

The most exact method of determining the difference of longitude 
is by m a n s  of the elbbtri; telegraph. In this method arbitrary breaks 
of an electric current in  a wire joining the two places of observation 
are re’corded on chronographs a t  the known and the unknown longitude 
atationa. On each chronograph are recorded the seconds breaks of the 
local chronometer. The exact time of each of theae chronometer 
br‘eaks is known from observations on b e  stars made to determine the 
error of the chronometer. The time of each of the arbitrary breaks 
of the electric current can be scaled off very accurately from the 
chronogaph sheet. Thie is done at each of the stations and tho record 
of each observer is sent to the other. From the data thus obtained the 
difference of time between the two obeervatoriea can be computed 
with great accuracy. 
In order that the t r a m h i o n  time through the electric system due 

to relays, otc., may be eliminated from the results, the breaks of t h e  
electric circuit are made partly at one station and partly at the other. 
When this has been done the mea‘n of the recorded times of the breaks 
will be free from any error due to the trsnemission time. The arbitrary 
breaks of the electric current are made during an interval in the ob- 
servations on the atara. 

usually two determination8 of the‘ 10~431 time are made in connec- 
tion with longitude observations, one by observations on a set of 
five or six stars just before the arbitrary breaks are made and the other 
by Y, similar set just  after the breaks. Theae two determinations furniall 
arnte of the chronometer. -4 statement in regard to the time determina- 
tion is given under the heading “Time.” 

A primary or firat&w determination of a difference of longitude by  
the Coast and Geodetic Survey depends on a t  leaat three nighta of 
successful exchange of signals when time observations have been made 
a t  each end of the line. The probable error of such a determination ia 
iisually not greater than 0.02 eecond of time. 

Yuch investigating has been done with the wireleas telegraph i n  
connection with the determination of longitude, but the proceas a t  
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present is laborious and there is consideral~le uncertainty i n  the  
results, owing to the personal equation. It is possible, however, to 
receive the observations photographically and thue eliminate the per- 
eonal equation of the observer receiving the radio &pal. It is not 
unlikely that the determination of a longitude by radio may be of 
equal accuracy to  that by  wire but  on tl& matter no exact data are yet 
available. 

The longitude determinations by  the Coast and Geodetic Survey 
are now made principally for the purpose of furnishing data b y  w*liich 
the triangulation network of tho country may he adjusted to the proper 
geographical position. A description of the methods used is con- 
tained i n  Special Publication KO. 1 4  of t l h  bureau entitled, “Deter- 
mination of Time, Longitude, Latitude, and Azimuth.” Figure 16 
shows the longitude net of the United Statee and the stations which 
have bccn connected with it. 

LATITUDE. 

Latitude may bo delincd as the angular dietance of an object or place 
north or south of thcEquator. IIencc, thelatitude of a place becomes 
known when this nngilar distance has been tletcrmined. 

The approximate dctcrmination of the lntitude of a place may be 
mnde by  the simple method of observing with a surveyor’s transit or 
a sextant the altitude of the North Star 88 i t  paeses the meridian. The 
Korth Star or Polaris is not exactly coincident with the  extension of 
the ax& of the earth to the celestial sphere. This star makes a circle 
approximately 2t0 in diameter around the  pole. It is readily seen 
that if we know the altitude of Polaris nt the time it croeaes the meridian 
below the  pole, tho latitude of the place is thnt nltitudc plus the polar 
distance of the  star. This polar distance is 90’ minus the declination 
of Polaris. Similarly, i f  we should observe the altitude of Po!aris 
when it is on the meridian above the pole, the latitude of the p l a e  
wo&i 11e the altitude minus the polar distance. The latitude of a 
place may be observed also by  determining the altitude of the sun as 
it crww the  meridian. 

The declinations, or the a n g u h  distancee of stars to the north or 
the south of the celeetial equator, have becn determined by years of 
observations a t  fixed observatories, and the reaulta are contained in 
such pubficntions as the  American Ephemeris nnd Xautical Almanac, 
the noes Catalogue of S.tars, etc. 

The method of determining tho latitude of a place by observations 
on Polaris and on the a i m  is subject to considerable error due to what 
is Cdled refraction or the bending of the rays of light coming to  the 
earth from these bodies. Tho refraction greatest near the horizon 
and gradually decreases to zero at the zenith or the point on the celea- 
tial sphere directly above the observer. I t  varies somewhat from hour 
to hour and day to day but is approximately tlie aame for tlie eame 
a w l e  of elovntion i n  all directions from the o1)servcr. This principle 
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has been made use of in what is called the Talcott method for the 
determination of the latitude of a place. In this method two stars are 
used, one to the south of the zenith and one to the north, that c r w  
the meridian within a few minutes of each other. The zenith dis- 
tances of the two stars selected seldom differ by.aa much aa 20'. "hen  
using this method it is necessary to know within a few minutea the 
latitude of the plare'at which the observationa are to be macle i n  order 
that the proper stars may be selected. This latitude can be scaled 
from a map or can be determined roughly by  an observation on Polaris 
or the sun, ae mentioned above. Knowing the approximate latitude 
of the station and the local time the star, catalogues can be used to find 
a pair of stars that will meet the requirements of the Talcott method, 
that is, that will crow the meridian Within a few minutes of each other 
and with zenith distances nearly the same. 

The instrument used to make the observations irr known as a zenith 
telescope and is shown in figure 10. After the instrument haa been 
thoroughly adjusted in the manner that is common b astronomem 
and surveyors and the line of collimation or line of mght of the tele- 
scope has been placed almost exactly in the meridian, the telescope 
is set to such a position that the angle it makes with the zenith is about 
one-half the sum of the zenith distsnces of the two stars. At the eye 
end of the telescope of the instrument there is a micrometer with which 
is ohaerved the difference in  the zenith diatances of the two stars. In 
the micrometer there is a wire fastened to a frame that m 6 v a  on the 
micrometer screw. This wire is made to bisect the star aa it c:2'088e8 
the meridian. The micrometer screw and head are then read to a small 
fraction of a second of arc. The teleecope is then turned 180° on ite 
vertical axis into pogition for the second atsr and the movable thread 
is made to bisect that star. The difference between the micrometer 
rea ings  on the two stars givca the differencee i n  their zenith distances. 
-4 very senaitive level tube is attached to the  instrument and t h k  
read immediately after the observations on the stars to obtain a value 
for the tilting of the vertical a x h  of the instrument. With the d a b  
obtained from the observations and with the known declinations of 
the stars, obtained from the star catalogues, the latitude of a station 
can be computed. 

So obeervation can be made which ia entirely free from error, but  the 
effect of the  errore of observation, though amall, can be almost entirely 
eliminated b y  observing on agreat number of stars. Aprimar~lat i tude 
of the United S t a h  Coast and Geodetic Survey usually con&te of 
obaervations on at least 12 paira of stars and the error of the resulting 
latitude is usually less than.O.1 second, which correaponds to a &- 
tance of about 10 feet. This means that the aatronomic latitude of a 
place on the earth's surface can bo determined within this amount. 

Deecriptions of the instrumente and their adjustmente, and the 
m e t h d s  of observing and of computing latitudes are siven in Sp&l 
Publication KO. 14 of this Survey entitled, "Determination of Time, 
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Longitude, Latitude, and Azimuth, ” and in “Directions for Magnetic 
Measurements.” I n  the latter public.ation are given methods for ob- 
taining approximate la t i tuda which are used where the latitude detcr- 
mination need not be of high accuracy. 

AZIMUTH. 

In all surveying and mapping operations it is neceseary to know 
the true north or the direction of th6 meridian at vanoils points (*overed 
by the survey or map. 

I n  the work of the Cosst and Geodetic Survey the direction of tlic 
true meridinn must be known in connection with the triangulation 
and magnetic ohservations made by the bureau. Astronomic azimuths 
are used to control the geodetic azimuths carried through triangula- 
tion. Before the astronomic zimuth can be used for this purpase it 
must be corrected for what is called the station error or deflection of 
the vertical a t  the point of observation. In magnetic work the direc- 
tion of the true meridian must be known in order to determine the 
angle between that direction and the direction of tho magnetic meridian 
indicated by the magnetic needle. 

The direction of the true meridian is obtained by observations on 
the sun or on Polaris. Data that  are necessary in  order to compute 
the azimuth from the observations are, the approximate latitude of the 
place and the local time at which the observations arc made and, in 
the cam of the sun, the approximate longitude of the place of observa- 
tion. The sun is changing niaterially i n  declination and right aacen- 
sion from hour t o  hour while a star, on the other hand, changes only by  
an insignificant amount. 

Observations on the sun are usually made with an ordinary sur- 
veyor’s transit or theodolite and consist simply of pointing on the sun 
with the instrument, noting the time a t  which the observation is made 
and then pointing the instrument on some target or mark. The obwr- 
vations are repeated a number of times to eliminate the errors. The 
true bearing of the sun or the angle that the line from the observer to 
the sun makes with the true meridian, a t  the time of the observation, 
can be obtained from the American Ephemeris and Nautical Almanac. 
When the angle between the mark and the sun is combined with this 
true bearing of the sun, the true bearing of the line from the observer 
to the mark is obtained. 

When observations are made on the sun for azimuth, the local time 
is usually obtained from a comparison of the chronometer or watch 
with the noon signal sent from the Naval Observatory over the tele- 
graph wires of the country. -4 knowledge of the approximate local 
longitude is necessary. Where the telegraph ofice is not convenient 
to the point of observation, time is obtained by observations on the 
aun or stara with a vertical circle or a sextant, as is mentioned i n  the 
section of this article under the heading “Time.” 

The error of the rcisult in the determination of azimuth by obegrva- 
tiom on the sun ia usually about 20N to 30/’. 
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Where a rough value only of the azimuth is needed, it is obtained by 
making observations on Polaris a t  the time this star is a t  eastern or 
western elongation. When i t  is in  one of these. positions the local time 
need be known only within a few minutes i n  order to obtain fair results 
in the azimuth. This is because Polaris is not changing rapidly in 
azimuth at that time. 

When the most exact azimuths are required the observations are 
made on Polaris with a large theodolite which is also used in the meas- 
urement of horizontal angles. Before obaervationson Polarisare begun 
it is necessary to determine accuratoly the local sidereal time. For 
this purpose observations are made on several stars to the eastward 
and w-tward of the meridian with a special vertical circle. The 
t h e  mu& be determined again after the completion of the observa- 
tions on Polaris, in order to have a knowledge of the rate of the chro- 
nometer during the azimuth observations. The error of the determi- 
nation of the clock correction is iisnally about one-half second. 

For the azimuth observations, the instrument is first pointed on a 
mark which may be a distant triangulation station from which a signal 
light is shown. The position of the telescope with relation to the 
horizontal circle of the instrument is read with the micrometer micro- 
scopes, then thc instrument is pointed on Polaris, and the time of 
pointing noted. The microscopes are again read, and tho inclination 
of the horizontal axis of the telescope is determined by the reading of 
a very sensitive level. The telescope is then reversed in  its supports 
or wyes, the inclination of the horizontal axis again determined, and a 
second obscrvation on Polaris and another on the mark are made. 
This combination of observations completes a set and gives one deter- 
mination of the azimuth of the mark. From 12 to 10 of them seta arc 
made in  order that it may be poasible to eliminate the errors of obmr- 
vation. 

The computations conekt i n  determining the azimuth or bearing of 
Polaris with relation to the nictidian a t  the tinie the observations 
were made. When this azimuth is combined with the angle between 
Polaris and the mark, there is obtained the bearing of the line between 
the obwrver and tho mark. The error of 
the determination of a fiiBt-giade a z k u t h  i8 about one-third socond. 
This is very small, aa map be realized when we consider that 1 foot at 
a distance of 40 miles subtends an angle of 1”. Therefore, the azimuth 
may be considered aa uncertain to the extent of about 4 inches in a 
distance of 40 milee. 

After the true bearing of some line has beeu determiued by aeiniuth 
obmrvations, the exact meridian or true north and south line can be 
laid off on tho ground by simply m t h g  off an angle equal to the bear- 
ing of the obsorved line to the right or left of this line as the cam may be. 

There are dcacriptions of the methods used i n  determining astro- 
nomic azimuth given i n  Special Publication No. 14 and in  Direction8 
for Magnetic Neasuremenb, United States Comt and Geodetic Survey. 

This is the result sought. 



TERRESTRIAL MAGNETISM. 

The magnetic survey of the United States may be said to have had 
ita beginning in 1843, when a plan for the reorganization of the survey 
of the coast was adopted which included a pravkion for making “all 
such magnetic observations as circumatancea and the state of the 
annual appropriations may allow. ” Up to 1877 the work of the Coast 
Survey was confined almost entirely to the coast States and the 
magnetic observations were in most cases made in conjunction with 
some other branch of the Survey work. With the broadening of the 
field of the work of the Bureau aa indicated by the change of title to 
“Coast and Geodetic Survey” (in 1878), observations were extend$ 
to the interior Statm, but up to 1899 the progrw was slow. I n  that 
year an increase of the annual appropriation made it +ble to under- 
take a systematic magnetic survey of the country and led to the 
formation of a eeparate division in the office to take charge of the work. 

The early magnetic work of the Coast and Geodetic Survey developed 
in ’response to the demands of the navigator and the sweyor.  The 
primary object of the SUNOY of the coaat of a country is to supply the 
mariner with all the information needed for the eafe navigation of the 
adjacent waters. When no landmarka or heavenly bodies are vhible. 
he must depend upon the mariner’s compass for hia guide. Unfor- 
tunately the compass needlo does not, in general, point true north, nor 
is it8 direction at any particular placo constant. In the United States, 
for example, the compass needle pointa 2 2 O  west of true north in 
northeaatern Maine, and 25’ east of true north in northwestern \Yaah- 
ington. In Maine it now pointe aa much as 8 O  more to the west than 
it did 150 yeara ago. I t  is evident, therefore, that a knowledge of the 
compase variation (magnetic declination) is indispensable to the 
navigator when uaing hie compaea. 

With iron and steel ship the problem of the navigator is further 
complicated by the effect upon hia compaes of the component parts 
of the ship. The solution of thia part of the problem requirea a know- 
ledge of the dip (inclination) and the intensity of the earth’s magnetic 
field. 

Nearly all of the early land surveys in the United S t a t e  were made 
by compass and the boundaries in the deeda were defined by compaea 
bearings. With the lapee of time and increase of land values, con- 
troversies arm aa tu the location of boundary lines which had not 
been marked or of which the markinga had disappeared. In order to 
retrace the linea of a piece of land surveyed originally by campaw, 
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the surveyor must know the change in the direction of the compsse 
needle, that,is, the change in the magnetic declination, in that parti- 
cular locality between the date of the original survey and the resurvey. 
The Coast and Geodetic Survey has collected a large amount of data 
regarding the secular change of the magnetic declination in this country 
since the date of the earliest observations and haa made a careful 
disclitxion of the collected material. As a result, it ia in a position to 
furnish the best information available for the settlement of such dis- 
putm in regard to boundary lines. 

In  view of the difficulties experienced in retracing old compaea 
surveys, accentuated as they were by inferior +trumente and often 
by careleaanoss or lack of knowledge on the part of the early surveyor, 
it became important to guard againat a Similar condition as to present- 
day compass surveys by determining in detail the distribution of the 
magnetic declination throughout the country, aa well as ita change with 
lapse of time, at the aamc t h e  providing local surveyors with meridian 
linea or other means of teating their cornpasees. 

When the systematic magnetic survey of the country waa under- 
taken in 1899, the following plan was adopted: 

1. The determination of the three magnetic elementsdeclination, 
dip, and horizontal intensity--st placea 30 to 40 miles apart on the 
average, diatributcd over the whole country, followed by a more 
detailed investigation of areaa of local disturbance. 

2. The reoccupation from time to time of a suificient number of 
“repeat” stations to determine the secular change of the magnetic 
elements. 

3. The operation of magnetic observabrim for the control of the 
field observations, for a more detailed record of the variatiom of the 
earth’s magnetism, and for the accumulation of the data needed for 
the study of the nature and cam of the phenomenon. 

Following this general plan, the dhtribution of stations haa been 
baaed largely upon the county subdivision of the Statos and observa- 
tions have been made at all but about 150 of the county seats, thus 
making readily available the data needed by the county surveyors 
to test their compasses. In additiod, a number of areaa of marked 
local disturbance have been examined in mor6 detail. Between 50 
and 75 repeat stationa have been occupied each year, the’ average 
interval between successive occupations being about five yem.  

To supplement the observations on land and extend our knowledge 
of the diatribution of the earth’s magnetism heyond the shore lines, 
aome of the vessels of the Survey have been equipped with suitable 
instruments for determining the magnetic elementa at sea, and valuable 
resuIts have been aecured in connection with the regular survey work 
of those vessels. 

Magnetic observatoriea have been in operation at Cheltenham, Md., 
since 1901; Sitka, Alaska, and near Honolulu, Hawaii, since 1902; 
Vieques, P. R., since 1903; Baldwin, Kana., from 1901 to 1909; Tucson, 
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Ariz., Bince 1909; a t  which continuous photographic records of t h e  
fluctuations of the earth’s magnetism have been eecured. Seismo- 
graphs are also in operation a t  each of these magnetic obeervatories for 
recording the earth tremors produced by earthquakes, thus supplying 
information regarding the condition of the interior of the earth aa it  
affecta the propagation of earthquake waves. 

In addition to the work in  the continental part of the United Statcs, 
magaetic srirveys have been made of Porto Rico, Hawaii, and the 
Philippine Islands, and many obaervations have been made in  Alaska, 
principally along the coaat and the Yukon River. 

It is the policy of the Survey to publish the results of the magnetic 
observation8 ~8 promptly na possible so that they may be available for 
general uee by the public. They are published in  various forms. 

3.  On every coast cbart there are given for one 01‘ more positions the 
value of the compass variation for a specified year and the annual rate 
of change. Similar data for prominent points along the coaet are given 
in  the various Coast pilob. 

2. The results of the field observations, together with brief descrip- 
tions of the stations occupied, are publiahed annually, formerly 86 an 
appendix to the Superintendent’s annual report, but now ae a separate 
publication. 

3. About once in five years an isogonic chart ie kued on which the 
distribution of the magnetic declination for a epecified year is shown 
graphically by means of linea of equal magnetic declination. This 
chart is accompanied by secular-chahge tables showing the change of 
the magnetic declination since the earliest available obaervations at  
one or more places in each State. With the aid of the% tables the 
surveyor can determine the change of declination for which he must 
make allowance when attempting to retrace the lines of an old survey. 

4. About once i n  10 years the accumulated results have been pul)- 
l&ed collectively, together with corresponding reduced values for a 
Rpecified year. Thaw tables are accompanied by maps, on which the 
distribution of the declination, dip, horizontal intensity, vertical 
intensity, and total intensity are .&own graphically by ieomagnetic 
lines. 
5. The obeervatory results are published biennially Bnd include 

values of declination, horizontal intensity, and vertical intensity for 
each hour, maximum and minimum values for each day, daily means 
and hourly means for each month, tables showing the average diurnal 
variation of the magnetic elements and components for each month, 
reproductions of the magnetograms Rhowing the more marked magnetic 
disturbances, and earthquake tabulations. 

6. The publication entitled ‘*Principal Facta of the Earth’s Mag- 
netism” b<ves a summary of the development of oiir knowledge of 
the eubject and contains alao directions for determining the true 
meridian with a simple instrumental outfit, together with tables to 
fscilitae the work. 



SEISMOLOGY. 

In order to determine whether there is any relation between earth- 
quakes and magnetic dieturbances, seismographs have been operated 
at the magnetic observatories of the U. S. Coast and Geodetic 
Survey at Cheltenham, Md., Vieques, P. R., Tuceon, Ariz. ,  Sitka, 
Alaska, and near Honolulu, Hawaii. 
-4 seismograph consists essentially of a m w  of metal of considerable 

inertia, suspended in such a way that movements of the earth’s crust 
are communicated to it in only a very slight degree. A suitable record- 
ing device, fixed rigidly to the ground, regietere any movement of the 
earth at the station relative to the suspended “steady maae.” 

An earthquake seta up vibrations in the earth’s crust which are 
tranamitted through, and along the surface of the earth for great dis- 
tances. sometimes completely round the earth. From the observational 
data obtained from seismographs i t  is possible to determine the origin 
and time of occurrence of tho earthquake and the rate of propagation 
and other characteristics of the resultant vibrations or waves. T& 
information constituba a valuable contribution to the de\.elopment of 
the science of seismology and is useful also to the geophyeicist in the 
eolution of problems such as isostasy whirh involves a knowledge of the 
nature and properties of the crust and interior of tho earth. 

47 



TOPOGRAPHY. 

A topographic map is one on which tho natural and artificial features 
of the country are reprasented in their proper geographic pOeitions by 
conventional ymbols. 

The two most important symbols on maps, where they occur, are the 
“shore line,” or boundary between land and water, and “contour 
lines,” which arc lines of equal elovation abovo a selected plane, euch 
aa the so3 level. A contour is in fact a repreeentation of what the 
shore line would be i f  the level of the wator were to riS0 to the elevation 
indicatod by that particular contour. 

In  order to show the undulations of the ground, contour linen are 
drawn for mme constaut rertical interval-20 feet, for instance. On 
large-sc3lo maps they have superseded the representation of heighta by 
hachurm, or shade lines, which only picture the configuration of the 
country, without furnishing the means, na the contours do. of stating 
in t,onns of wme linear unit the difference of elevation. 

In reading a map ono is able to toll tho nature of the country from 
the various symbok-whether it is high or low, rugged or gently undu- 
lating-by the number and arrangement of tho contours or hachurea, 
and whether i t  is marshy or sandy, wooded or rocky, and 80 on. 

A topographic map is particularly valuable for the study of the 
physical conditions relating to engineering projects in gen~ral, such a8 
the preliminary location of railroads and highways, tho problem8 
relating to water supply, drainage, etc. I t  servc9 as a baaia for direct- 
ing military movements and planning military workR of defeneo. 
Combined with hydrography, it forms a chart on which is shown the 
relation of land to water for purposoe of navigation and tho improve- 
ment of harbors and waterways. 

Charting the comb of the Unitod States ia the chief function of the 
Coaat and Geodetic Survey, and topography is necessarily included 
aa one of tho important featuree of its work. 

A topographic survey has for ita object tho collection of data for the 
construction of a topographic map. The chamcter of the map in 
rcgnrd to accuracy, scale, and fullnese of detail depends on the purposo 
which it is intended to servo. Military topographic sketches are fre- 
quently made by using a pocket compaea, the stride of the obsorvor 
or hie horae serving to estimate the distance. Moro elaborate methods 
are m d  where greater accuracy ia required arid greator detail is desired. 

Different topographic methods require the uao of varioua instru- 
mente and may, for the purposo of description, be classed under four 
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heads, from the fact that each method it, identified with Bome par- 
ticular iiistrument or combinntion of instniments with which the 
principal part of the work is done. 

1. With a chain or steel tape and level, by what inuy be called t h  checker- 
board srJstem.-The whole area iS subdivided into roctanglea by a EYS- 

tem of distancos meaaurod with a chain or stool tape and marked by  
pqg  whose elevations are determined with a level and rod. The 
pitioris and elevations of the p& having been plotted, the contoum 
are drawn on tho plnn with roference to them, and all other details 
are located by measurements from them. Thia method is beat adapted 
for small areaa where work of construction is shortly to follow the survey. 

Tho topography of the ordnance s u r ~ o y  of Great Britnin waa exo- 
cutod by traversing the country with n network of straight linm moas- 
r l r o d  with a chain, the accuracy of the work being controlled by starting 
each line from ono triangulation point and ending at another. OffsetR 
were mwrired from tho line wherover i t  waa necesssry to locnte details. 
The elevations of n number of points on the ground were determined 
by the level, and the contours were sketched with referenco to thme 
after the rest of the details had been plotted. This is the eimplwt of 
all instrumental mathods in  the field, bu t  it is not efficient where thew 
is little detail or where the ground is unsuitablu for chaining. 

2.  With tro& and strcdiu.--T'his method is a development of the 
preceding one. The country is likewke traversed by lines, but instoad 
of chaining the diatancee are rend through tho tolescope of the transit 
on the stadia rod h d d  a t  any desired point. Tho levo1 is also dis- 
pensed with, aa the height of any point can be dotermined by computa- 
tion when im distanco is known and the vertical angle to it ia observed. 
A vertical circle is attached, to the transit for this purpose. All the 
namee of the objects Bightcd,upn, aa well aa the distances and angles 
to them, are cnwred i n  a. notebook;, together with sketchea of the 
locality, to m i s t  the drafteman' to intorpret the n o h .  

3. With the photoyaphic cama. - (a )  Optical axis of camera hori- 
7,0n,kl .-Siirveys wi be made with an ordinary landscape camera, but 
there are'many 'ulv8ntages in having &ne eapecially designed for the 
purpose. 'Tbe eseentjal fkture of this method consisttl in occupying 
a sufficient number of camera statioils to fully cover tho tcmtory to be 
mapped, EO that every topographic detail of importanco may be photo- 
graphed from at leaat two ~ts t iom.  ThiB is one of the moat rapid of all 
instrumental methoda in the field, Bibce a great deal of topographic 

' rpaterial can be -gathered photographically in a short time. It haa the 
Serious drawhack that for areas, abounding in detail the plotting be- 
comes overwhelming. It haa been fourd moet useful in mapping 
rugged mountainous regions with characterktic features which can be 
identified i n  photogmpha taken from two or more different points of 
view. . I  

(b) Optical axis of camera vertical or at known angle.--llirplane 
photographs were used to a very large extent during the W'orld n'ar in 
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locating military features xithin the area occupied by the eliemy. 
The experience then gained is being utilized hi developing methods 
and apparatm for t&graphic surveys. A t  present it is not certain to 
what extent they mill supersede the ueual methods. The most prom- 
isiug field for surveying snd mapping from an airplane is over flat coun- 
try, or country with l o r  relief, and in revieion surveys. The changing 
features are shore linea, woods, roads, and villages, and those featiircs 
can be readily placed on the old map by fitting in the new featurea 
shorn on the photogmph to the unchanged featurea d y w n  both on the 
old map and the photograph. 
By the foregoing methods the map ie constructed in the office; by 

the following method its conrrtruction is coincident with the field work. 
4. !Villi the plane iabb and stadia.-This h the p h 5 p s l  method ueed 

for topographic work by the Coast and Geodetic Survey. For this 
pu” the plane table iS a u n i v d  instrument. All the necessary 
operations for producing a map are exocuted with it in the field,from 
t,he country aa a model. Other instruments may at timw be employed 
88 auxiliaries, but in general it alone fulfills all reqairemente. Owing 
to the rapidity with which reaultrr are obtained by the method of 
graphic triangulation, and the facility the plane table affords the 
topographer for determining hitl poeition at  an unknown point by the 
graphic solution of the three-point problem, and in tho effective uea 
of the stadia, it jB an inetrument peculiarly fittad for delineating coast 
topography, which includes such featmee aa routlying islands and 
ledges, inacccesible rocky bluffs, and large marsh arw intersected by 
numerous streams. (For further detailsw Plane Table Manual, Report 
for 1906, Appendix 7.) 



HYDROGRAPHY. 

The object of the hydrographic surveying here considered is to de- 
termine the depth of the water and to outline the channels, banks, 
and shoals, and to locate all dangers and aids to navigation neceasary 
in the construction of charts. 

Physical hydrography relating to tides and currents is elsewhere 
described. 

To the navigator the results of the hydrographic work are the most 
important features represented on n chart. The first need of the hydrog- 
rapher i n  making his survey is a projection or outline map showing 
the meridians and parallels, the shore line and land features visible 
from the water, prominent objects, spires, houses, artificial signals, 
capes, headlands, and outlying rocks and islands visible from the 
shore. 

The two branches of surveying on which hydrography is most de- 
pendent, and which it is most convenient to have precede it, and on 
which ib accuracy largely depends, are the triangulation and the 
topography. These subjects are described elsewhere in this pamphlet. 
The triangulation fixes the position of the trigonometric points on 
land b y  means of which the location of the soundings is determined. 
The topo,mphy provides the delineation of the shore, locatee tho rocks 
that show above water, and the IimitR of dry shores and banks. It is 
also essential for the navigator to know the charncter of the shorecl 
bordering on the waters which he traverses; their prominent and 
characteristic featura are an important guide in navigating hie vessel. 
These data are placed in their proper relative positions on the outline 
map above mentioned. The scale of this outline map, or projection, 
will depend upon the minutencrrs with which the submerged featurea 
are to be mapped, a n d  this in  turn will largely depend upon the 
character of the area and its importance to navigation or other com- 
mercial purpose. A scale of 1/10,000 (which means that 10,OOO feet 
i n  nature are represented by  1 foot on the projection) is well adapted 
for the survey of most harbore. The poinb detormined by triangulation 
are plotted on the projection i n  their proper geographic positione. 
Theso points consist of prominent objecta, such as church qiret~, 
chimneys, conspicuous rocks or trees, and specially built signals, all 
of which are of a suitable character to olxierve upon from a h a t  or 
vesscl while sounding. 

When a sufficient number of these signals or other objects have been 
located and a tide gauge or tide staff has been erected at mme suihble  
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point in the vicinity of the work, the next stop in the hydrographic 
survey is making the soundings for the depth of water. Power 
launchee and ships,are now more often used than rowboata in running 
sounding lines. The lines of soundings are run in accordance with such 
a scheme aa will beat develop the contour of the bottom and its charac- 
teristic featura; generally a rectanylnr system of lines is used, and 
where the two systems of lines c r m  each other the soundings must 
agree within prescribed limitrr varying with the depth of water. When 
beginning a line of soundings, two observers, with sextant in hand, 
the re‘corder, with a watch or clock and record book, and the leadsman, 
with his lead line, take their respective positions. The officer in 
charge of the sounding party directs the recorder to make a note, my. 
aa follows: “Line begins at angle No. 1, ahout 20 meters from shore, 
south of Flecks Point; compaas course east.” The observers measure 
with their Bextanta the two angles between three shore signale and 
read the angles measured; the leadsman gets a cast of the lead and 
calls out the depth of water in feet or fathoms and feet, and the recorder 
records all these with the time the boat begin8 to move. The boat 
does not stop again until the end of the line ie reached. The position 
of the boat is detormined’by the observation of paim of angles a t  
equal intervals of time (two to four minutes usually), or when there 
is a change in the direction of the line, or a change of speed of the lmat, 
or sudden change in depth of water, and a t  the end of the lino. \$‘hero 
the depths are changing rapidly the soundings are taken by the leade- 
man as frequently aa posoible, and the time of each sounding may be 
noted to seconds; but whero t h e  bottom is comparatively level the 
soundings are preferably taken at equal intervals of time. The paim 
of angles taken for position of the sounding boat are plotted on the 
projection or outline map by means of a three-arm protractor; thue 
each sounding is laid down in its proper position. 

When practicnble the lines of soundings are run on rangee; that ia, 
with the boat in the eame straight line with two fixed objecta on shore. 

While the boat haa been running the lines of soundings, the water 
has not remained a t  the eame level owing to the rise or fall of the tide, 
and, therefore, the tides must be observed by means of a staff or self- 
registering tide gauge while tho sounding is in progress, BO that the 
depths can be reduced to a common plane of reference. Each sounding 
must therefore be corrected for the stage of the tido a t  the time it WBB 
taken. The plane of reference adopted by the Survey for the chaw 
of the Atlantic and Gulf coata is that of “mean low water,” which is, 
roughly speaking, the mean reading of all the low waters observed on 
the ti$e>staff for aa long a period &B practicable, but usually not less 
than one lunar month. The reading of mean low water on the tide 

1 Boceuse of a difference in the type of tidw upon the Paoiflc wmts of tho Unlted 
Statesand Alaska, Hawaii, and the Ph(lippines, all8omdlngs are roduced to  the plane 
ofmean lower low water wlth the following excaption: For Wnangell Stra f t  It is 8 feet 
?+low lower low water. 



d 
I 
rn 
.- 



HYDROQRAPHY. 55 

staff being known, and obeervations of the height of the tide having 
been made at sufficiently frequent intervals while the soundings were 
in progress, it is easy to apply the tidal corrections. In order to pre- 
eerve the plane of reference permanent tidal bench marks are &ab- 
liehed on shore and the plane of reference is referred to them by level- 
ing. Descriptions of these bench marks are preserved in the archives 
of the office. 

In deep-sea Rounding offshore, i t  is not neceaeary to apply the tidal 
reduction to the soundings. 

The successive positions of the sounding boat being plotted, and 
the number and time intervals of the soundings being e h o m  in the 
record, it becomes an easy matter to space the soundings accurately 
between the positions. The result is practically the eame y though 
the boat’s position had been inetrumentally s~certained a t  each 
Bounding. 

iJp to depths of about 20 fathoms the soundings can readily be made 
by the hand line. For soundings between 20 and 35 fathoms n satia- 
factory and often used method is that of dropping the lead near the 
bow and reading the dopth m the lead comes vertical under the Iends- 
man stationed on a platform aft. Various methods are used for 
carrying the lead forward and automatically releasing it. A t  greater 
depths, including deep-sea work, the veaeel is stopped while the 
sounding is made and sounding machine used. 

The Rounding machine may be briefly described as a reel or drum 
filled with stranded or piano wire, suitably mounted and operated 
either by hand or a small reeling engine, the essential purposo of the 
engine being to reel in  the wire after tho sounding is made. Attached 
to the wire is a heavy sinker, and the depth of water is obtained 
by a measuring reel over which the wire runs in taking the sounding. 

“hen sounding in the deep offshore waters, piano wire is used on 
the drum of the soundirig machine, and a spherical or par-shaped 
shot weighing about GO pounds is used as a sinker and ie attached to 
the wire by s device which automatically detaches it on reaching the 
bottom. The wiro is thon reoled in by means of the reeling engine 
and a new sinker attached for the next sounding. The depth of water 
is messwed by noting the length of d r e  run out, and, as n check, thia 
is again noted in reeling in. In addition to ascertaining the depth of 
the ocean, a mechanical devico is also attached to the end of the sound- 
ing wire which enablca a specimen of the materinls of the ocean bottom 
to bo secured and brought up in deep-sea sounding. Beaides this, 
specially devised thermometers and water bottles are athchod to the 
sounding wire in such manner as to secure the temperature and speci- 
mens of e a  water a t  any dosired distance below the surface of the e a .  

While the veesel remains in  sight of laud the method of determining 
poeition in running the sounding line is similar to thnt explained 
above for sounding boats and lsunchee in inshore and harbor hydmg- 
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nphy, but when out of sight of land the position is obtained by 
astronomic observations and by precise dead reckoning. 

Fig. 20-TYPE OF SIGNAL USED IN OFFSHORE HYDROGRAPHY.  

A method of location of offshore sounding lines by dead reckoning 
more exact than that employed in navigation has been developed and 
employed since 1915. The finally adjusted positions of the sounding 
vessel is so much more exact than ordinarily obtained by dead reckoning 
that this class of hydrographic work may propcdy be termed “precise 
dead-reckoning hydrography.” Locations by this method are used 
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offshore to the 100-fathom cuNe on the Atlantic coast and to the 1,OOO- 
fathom curve on the Pacific coast. For work farther offahore positions 
by astronomic observations with sextant are considered sufficiently 
accurate. 

"be combination of the two clsese~ of work-that is, fixing p i t i o n s  
by observing angle8 on fixed terrestrial objects and by preciee dead 
reckoning-hae been found to be best from a standpoint of economy, 
the inshore work being done during daylight hours when oh'rvatmia 
on signala are necessary and the precise dad-reckoning work a t  night 
over areas just offshore from the daylight,work, and out of sight of 
fixed objects. 

Tell signals, fmm 100 to 125 feet high, are built along the roast about 
5 milesapart. (See figk 20, p. 66.) Thew are accurafely located by tri- 
angulation and plotted on the projection or chart on whkh the eound- 
ing work ia to be plottod. 
Thew signals along our low Atlantic coset line are visible from tho 

bridge of tho Survey steamer for about 8 or 9 milee offshore. About 
3 milea outsicfe thia line of viaibility another line of eignala about So 
feet high are eatabliahed. Theso are floating signals made by building 
a superstructure of a n g l s h n  and wire mosquito-net targets on top 
of a tall-type can buoy. (See fig. 21.) The buoys are located by 
linea of direction with sextanta from the bridge of the S w e y  veesol 
anchored at different positions just within the zone o€ visibility of the 
tall shore signals arid located by-anglee observed upon them. 

While sounding over the area from the shore out to the offshore lines 
of buoys and about 3 miles beyond them the veeeol is located a t  inter- 
vals (two to five minutes) in  a manner similar to that already explained 
for small-boat work, observing on three shore signals until beyond their 
range of viplibility and then employing angles to three of the offshore 
buoy signals. About sundown the Survey v-1 c a m  thia class of 
the work and steams over to one of tho oftahore buoy signale, where she 
anchors to obtain obsemtions of the strength and direction of the wind 
and the set and drift of the current. 
The sounding line is then started, the vessel heading straight off- 

shore on a line laid down in the general syatom of development. A t  the 
end of two hours tho vessel is ngsin anchored and observations made for 
velocity and direction of wind and current. The couw on which the 
v-1 headed for that period of two hours L then correctad by an 
amount equal to the rmultant of the forces of the current and wind 88 
observed a t  the two anchoragm. The line L then continued BB far off- 
shore as dosired and a return made to the line of offshore buoys, stop- 
ping every two hours for current and wind obeervations. The v-1 
anchors within the zone of viaibility of the offshore buoy aignals about 
daybreak and anglee are then obmmd on three of the buoys for an 
absoluto fix. Tho cloeue-that is, the difference between the poeition 
dotormined by t h w  angles and the one brought forward d h g  the 
night by p r e c k  dead feckoning-is adjusted back throughout the 
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line, each leg of the  course (two-hour run) receiving its proportion of 
the closing error. 

The Survey vessel then continues the inshore daywork. 

FIE. 21.-TYPE OF FLOATING SIGNAL USED I N  OFF-SHORE H Y -  
D ROG RA PHY. 

The accuracy attainable by  use of this method may be shown by 
citing an instance of a line run by one of our Survey vessels from the  
Florida coast out to the Gulf Stream and return, a distance of 105 
miles for the round trip. In  addition to the bihourly anchorages, for 
observation of the coastal tidal currents, obfiervntions were made a t  
the 100-fathom curve and a current of 33 knots (sen miles per hour) 
wnsobservcdin the Gulf Stream. Tpon return to the lineof buoy signals 
the position of the vessel asdetermined by  angleson three buoysdiffered 
by  only 900 yards from the position as determined by  this precise dead 
reckoning. IIad the vessel made this run without taking into arcount 
the effect of winds and currents as outlined above Ihe dead-reckoning 
position would have shown the vessel 25 miles down the coast. 

Hydrographic surveys with the lead line while developing the 
slopes of the bottom do not with certainty rcveal all of tho hidden 
dangers to navigation that lie i n  the pathways of ships. I n  regions 
like the coast of Maine and in  Alaslia, where there arc isolatd rocks 
and ledges on the bottom, or in  the tropical rcgions fringed with coral 
reefs and dotted with coral heads, the work must be supplemented b y  
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epecial examinations with special appliancce. Owing to the externion 
of commerce and ita increasing demands, bringing in uso ever larger and 
deepor-draft V W ~ E ,  much special examination is now required. , To 
meet these requirementa and in order to be certain that an area is free 
of all obstruction to navigation to a specified depth tho water aroa 
swept over by an appliance known a wire drag, which is essentially a 
suitable wire of any desired length (up to 15,000 feet long, 80 far yscd), 
supportad at interval8 by specially designed buoys BO arranged that the 
wire can be maintained at any required depth irrespective of the 
changes in the stage of the tide. This apparatus is towed through the 
water by two power boata, and i f  no obstruction is encountored it iE 
certain that no dangers oxkt a t  a less depth of wator than that at which 
the drag waa set. 

Tho use of the wire drag haa now become such a necessity in a finished 
hydrographic survey in areas where there L a posbibility of Ma ted  
rocks that a brief account of ita construction and use b of interest. 
Sweeps or drags were uaed long ago for locating pinnacle rocks or small 
ledges whose positione were approximately known, but the improve- 
ment of such appamtua EO aa to be an economic instrument for general 
application in searching out obstructions to navigation that may exist 
in any area is of recent development and aa now wed it haa reached a 
high degree of efficiency. As described in Coast and Geodetic Survey 
Special Publication No. 56, the drag c0naiat.a of a horizontal member 
known aa the bottom wire, which is composed of a number of sections 
or units of double-galvanized, seven-strand, steel wiro, one-eighth 
inch in diamoter, supported nt intervals by uprighta, mado of flexible 
who cable, with suitable buoys and sinkere, and at intermediate pointa 
by hollow metal floats. A t  oach end of the drag and at each section 
the buoys are large enough 80 a~ to rost on thoir bilge flanges when n t  
rest with the large sinker attached. Tho intermediate buoys are 
smaller and when at rest project About G inches out of the water. Tow 
linos from the power boata are attached to the large buoys and sinkers 
in such a way aa to permit changing the depth of the drag while in use. 

One of the best features of the Wire drag is the rapidity with which 
an area can bo oxamined. The length of drag now commonly used is 
3,000 feet or over, except whon used in channels of less width than thia. 
The average speod of the drag through the wator is about a milo and a 
half per hour, and tho area that can be covored in a day depends largely 
upon local conditions, such aa natural or artificial obstructions. Aa 
many aa 15 shoal spota have boon found in a single day’s work. 

After n shod spot or other obstruction is located by the drag, the 
drag is released and proceeds with ita work, whilo a separate party 
develops the shoal area to ascertain tho extent and character of the area 
and the least depth of water over it. 

For handling tho drag and towing it when in we it has boon found 
that largo launchoe or power bonk are ewntial, boats of 80 horsepower 
and 14 foot beam now being employed. 
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The drag iE removed from the water at the close of each day’s work. 
This operation requires about 25 minutes for a drag 5,000 feet long, and 
the time required for other lengths is proportioxial to this. It requkea 
about the same length of t i n e  to set out the drag ready for work. 
Changes in the depth of the drag, made neceesary by changes in the 
stages of the tide, are made by separate launch partio-9, while the drag is 
going ahead with ita work. 

Great accuracy is required of the hydrographer, even where the water 
is EO deep that there is no poesible danger of the largest ehip afloat 
touching bottom, because the hydrography &own on a mariner’8 chart 
has a twofold object: First, to point out to the navigator the invisible 
dangers which he must avoid; and second, to reveal the configuration 
of the bottom and ale0 ita physical characteristica 80 truly that by the use 
of hie sounding appliancee he may’ fix his position in relation to those 
dangers, or when offahare or the coast line i~ invkible determine hie 
distsnce from land. The resulta of the hydrographic work shown on the 
charta are of prime importance to the navigator. The manner of chart 
publication and h u e  is described in another part of th is pamphlet. 

For d e w s  of the theory and practice of hydrographic sumeying the 
reader is referred to “General I n ~ t r u ~ t i ~ n s  for Field Work of the C!aet 
and Geodetic Survey” and “ W h ~ t o n ’ ~  Hvdrographical Surveying.” 



TIDES AND CURRENTS. 
The sea is never still; even in the calmest weather ib surface is 

subject to the alternate elevation and depression brought about by the 
tides. This alternate rising and falling of the level of the sea, which 
at moat placoa occurs twice daily, remained an upexplained phenom- 
enon until the latter half of the seventeenth century. Newton then 
formulated the law of gravitation, and showed that the tides were one 
of ita necessary consequences, due to the attraction of the sun and 
moon upon the rotating earth. . 

As explained previously under “Hydrography, ” the tides are of 
immediate importance in all hydrographic hrveying. Whenever 
depths are sounded, it is necesesry to know the state of the tide in 
order that the soundings may be reduced to a common plane of refer- 
ence. 

The t i m a  and heights of the tide are considerably influenced by 
terrestrial agencia, such aa river discharge, winds, and variations in 
atmospheric preesure. As a consequence, any plane of reference, such 
aa for instance that of mean low water, which is determined from a short 
aeries of obaervatiorrs at one time, may differ coneiderably from the 
low-water plane determined a t  another time. It is therefore necemry 
to have long aeries of observations a t  a number of important pointa 
which are representative of the tidal conditions of large areas. Short 
seriea of obaervations at any place may then bo corrected by comparison 
with simultaneous observations a t  the above-mentioned repraentative 
pointa. 

Where tidal observations are to cover but a short period of time, a 
simple tide staff is used. This is a plain board, graduated in feet and 
tentha, about 5 inches wide, 1 inch thick, and of a length greater than 
the extreme fluctuation of the water surface in  the locality in which it 
is to be used. It is secured in a vertical position with ita lowest gradua- 
tion below any probable low water, and the observer notes the level 
of the water upon this ataff a t  definiteintervals, usually quarter-hourly, 
half-hourly, or hourly. 

If a long series of tidal observations is deaired, use is  made of the 
self-registering or automatic tide gauge. This i s  a comparatively 
simple apparatus the essential pa* of which corurist of a clock that 
mova a sheet of paper forward uniformly, and a float that rata on the 
Water and rises and falls with the tide. This float, by suitable means, 
is made to move a pencil up and down the paper, so that the combina- 
tion of the motions of the paper and pencil automaticalIy produces a 
curve from which the height of the tide a t  any deeired time map be 
obtained. 
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Long series of tidal observations, beeides f h a h i n g  data necessary 
in the correction 01 a ahort series, have a number of other important 
uses. They are the only meana for securing an accurate determination 
of the important plane of mezn aea level, which is the datum uaed in 
precise leveling and in other engineering and scientific work. They 
also furniah data used in the study of the phenomena w c i a t e d  wk’h 
earthquakes and atorma. They f d a h ,  too, the basic material for the 
study of the complex phenomena of the tides, m ~ n y  elements of which 
require a number of years for their evaluation. 

All along the coast wherever tides are obrved,  the Coast and Geo- 
detic Survey establishes tidal bench marks, the elevations of which, 
with reference to the planes of local high water, mean sea level, and 
low water, are determined. Them bench marks then furniah for local 
use accurate data regarding the various planes of reference mado uae 
of by the engineer in the construction of wharves, docks, and other 
works of harbor improvement and coast protection. 

With the advent of the cieep-draft vessels of modern commerce, 
the tides have become of considerable importance i n  navigation; for 
the state of the tide determines when certain harbors may be en- 
tered, when bars may be safely crmed, and when ahort cuts over 
shoal places may be attempted: To aid the navigator, the Coast and 
Geodetic Survey has for a number of years published i n  advance, 
airnually, tide tables giving for every day of tho year the times and 
heights of high and low water for the moreimportant porta of the world. 
By means of tidal differences given in them tide tables, the mariner 
may also obtain the tides for a large number of other porte in all parts of 
the world, 

The earlier tide tables containtxi only a mall number of ports for 
which full daily predictions were given. This wm due to the fact 
that the computing of the predictions i’nvolved a great deal of laborious 
numerical work. Moreover, the results attdned, while aufEciently 
accurate for practical purposx, were cnly approximately correct. 
Since 1882, however, the predic?.iona have been made by the uae of an 
ingenious machine kiiown as the tide predictor. After this machine 
haa been adjuat~l to make predictions for a particular port, the tunliik 
of a crank moves a system of pointers Over dials which show accurately 
the time and height of high and low water for each a u c c d v e  day of the 
year at  the port for which i t is adjusted. 

The tide-predicting machine first used by this Survey was the h1- 
vention of n5lliam Ferrel, and wm b w d  upon his tidal work in the 
Survey. In l9tO this wm rephced by an improved machine of a dif- 
ferent type desgnotl and constructed in the office ol the Coast and 
Geodetic Survey. This new machine, which combilles tho b a t  
features of the tidopredicting machines invented by Lord Kolvin and 
William Ferrel, ahowe the time and height of bigh and low water, the 
height of the tide at  any time, and also traces a CUNC of the tide. 
(Soe fig. 27.) 
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Due largely to the effidency of the tide-predicting machine, the 
General Tide Tables issued annually i n  advance by the Coast and 
Geodetic Survey now give the predicted times and heights of high and 
low water for every day of the year for 81 of the principal ports of the 
world. They also give tidal differences which enable the mariner to 
obtain the tides for some 3,500 other ports i n  all parts of the world. 

While the tides are due to the disturbing forcea of the Bun and moon, 
they are very greatly modified by terrestrial features. As a conse- 
quence, the tides present h ik ing  differenem not only in time of 
occurrence and in range but also in type. Thus along the Atlantic 
coast of the United Statea the tide is almost wholly semidiurnal; that is, 
there are two high and two low waters each day and the afternoon tides 
are quite aimilar to the morning tides. On the Pacific coast, however, 
the type of tide is largely diurnal; that is, the afternoon tides are quite 
unlike the morning tides and on occasion there is but one high water 
and one low water in a day. 

2 6  q 1, $8  & &  
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Fig. P!i-PORTION OF TIDE-GAUGE RECORD. 

Even with the same type of tido we find great differences in  range. 
In the upper part of the Bay of Fundy the tide rises, i n  the six hours 
from low water to high water, a vertical distance of more than 40 feet. 
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During the aame intervalthe title at  Nantucket Idaiid ahows a range 
of but little more than 1 foot. 

The tides, then, are local phenomena, and in order to predict the 
tide at  any given place it is necessary to have tidal obaervationa mnde 
at  that place. Theee observations, whichmuat extend over a period 
varying from one month to a year or more, are then subjected to the 
mathematical treatment known aa the harmonic analyais. By this 
analysis the tide wave is resolved into o. number of simple wmw, each 
one specified by two numbers called, respectively, tho tunplitude and 
epoch of the wave. The amplitude8 and epochs of all the different 
waves for each port are called the tidal constanta for that port and are 
the elementa entered into the tidepredicting machine for the pur- 
of predicting the tide, for any future time, at  that port. 

rn 

Flg. 26.-SECTIONAL VIEW OF AUTOMATIC TIDE-GAUGE STATION. 

Currents have always been a factor of importance in navigation. In 
thick weather when the navigator is unable to determine the position 
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of his ship by reiergiice to terrestrial or celestial objects, i t  becomes 
highly important that he know the velocity and direction of the cur- 
rents to which his vewl  may he subject. Also. where swift and dan- 
gerous tidal currents exist, the mariner must know the time of occur- 
rence of slack water when such places may be safely crossed. 

While the study of currents is intimately amciated with that of the 
tides, it presents even more complex features. The tide over large 
areaa shows considerable uniformity in  time and i n  range, but the ctir- 
renb within the mma region will present striking differences in  timc, 
in direction, arid in  velocity. The investigation of currents is therefore 
recognized aa an important branch of the work of the SIlrVQY. 

, I n  the observation of currenu, either a ciirrent mcter or a simple 
current pole is used. The meter is of the bucket type with a telephone 
receiver, which permits the niiml)er of revolutions to he  recorded. 
The current pole generally used is 15 feet long, weighted a t  one ?nd 
so a~ to float 1 fodi out of water. The log line attached to the pole 
is graduated so that the velocity of the current may be read off imme- 
diately when rim out for a given interval, usually 28, 30, or 60 seconds. 

For the pur- of aiding the navigator, there is published in the 
tide tablea the predicted times of slack water for every day of t h e  year 
at nine important stations where the velocity oi the crirrcnt is con- 
mderable. Current differences arc given by means of.which the marinor 
may determine the time of the current at more than 200 other places. 
Current diagrams showing the condition of the current with reference 
to the time of tide for seven localities are a h  included. 

The tidal currents found in the inland watem and close inshore along 
the coast are of the reveming type; that is, the  flood during ib entire 
period runs in  one direction, and the ebb, during its period, in the 
opposite direction. Some distance offshore, however, the tidal cur- 
rents become more complex. Instead of flowing i n  the  aame general 
direction dririiig the flood and i n  the opposite direction during the ebb, 
we find the current changing i ts  direction continually. Instead of 
simply reversing i n  direction from flood to ebb. the offshore tidal cur- 
rents are rotary i n  character. 

Because of ita semidiurnal character, we find this change of direction 
in  the offshore tidal currenb of the Atlantic coast to bo a t  tho rate of 
nearly 30' per hour. I n  other words, twice i n  each tidal day the 
direction of the current changes clockR4ea to every point of the com- 
pass. On the Pacific coast the offshore currents change in direction at 
a rate varying bctweon 1 5 O  and 30' per hour. 

Tidal currents, because of their periodic chardctor may, like the 
tides, be predicted years i n  advance. Existing with these tidal currents 
and a t  times completely masking them we find the so-called nontidal 
currents which are due to nver  discharge, prevailing winds, differences 
in density of ma water, and other causes. Offshore theso currents 
are frequently of far greater importance to the  navigator than the tidal 
currents. Like the 'csuses bringing them about, these riontidaI CUT- 
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rents show no periodicity. They do, however. show fluctuations cor- 
responding to the seasonal variations i n  their causes. The Coast and 
Geodetic' Survey has, therefore, undertaken the study of nontidal cw-  
rents with a view to correlating them with the meteorologic conditions. 

Fig 17  -TIDE PREDICTING M A C H I N E  

In rnnriy technical investigations of both theoretic and p r n ~ i  ical 
problems, engineers and scientists find themsulves confronted by 
phenomena involving tides and cmrents. To many of these investi- 
gators the Coast and Geodetic Survey has h e n  able to furnish tidal 
arid current iiiformation of material help i n  the solutioii of their proh- 
lems. 
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The study of the tides dates back to ancient times. Several centuriee 
before the beginning of the Christian era the intimate relation between 
the tides and the moon had been noted. Little progreaa waa made, 
however, until toward the close of the seventeenth century, when New- 
ton formulated the law of gravitation and proved thnt the tides were 
one of ita nece8B81y consequences. Since that time the labors of many 
distinguiehed mathematicians have contributed to tho considerable 
advance made in the siibject. To that advance. the Coast and Geo- 
detic S i w e y  through Ferrel and Harris-the most brilliant of its tidal 
workers-hm made notable contributiom. 



COAST PILOTS. 

Coast Pilota are compiled to ami& mariners i n  the navigation of 
their vessels, and they wrve to supplement the charta issued for that 
purpoae. They contain information which is important to the mariner 
and much of which is of such a haractor that it can not be conveniently 
placed upon a chart. The principal maritime nations of the world 
publish information and diroctions of this character for the UW of 
mariners. 

A s  early aa 1796 a volume known aa Tho American Coast Pilot (the 
first Coast Pilot published in America), by Capt. Lawrence Furlong, 
wm published in Newburyport, Maw., by Edmund M. Blunt, and the  
fir& editior. met with so ready a aale that  a second edition of tho aamo 
work was publiahed in 1798. . 

The veasels of tho Coast and Geodetic Survey while engaged in sur- 
veying the comt and harbore of the United States collect much infor- 
mation of importance to mariners which can not be shown on the charta 
or completely given in Notices to  Mariners (a joint publication iseued 
weekly by the Bureau of Lighthouses and Cosat and Geodetic Survey), 
the appropriate agency for ita prwntat ion being the comprehensive 
pages of the Coast Pilota. Similar information can not be collected by 
privata entorprim, except at great cost and with imperfect means, and 
at the prescnt time all tho private publications containing such infor- 
mation relative to tho coast of tho United States aro compilations from 
Government publications and are generally baeed on the work of tho 
Coast and Geodetic Survey. Coast Pilob are publiahed and dis- 
tributed by the Coaat and Geodetic Survey at the cost of tho printing 
and binding. 

I t  i s  manifest that  publications of this character must bo subject to 
numerous corroctions in tho details after the lapse of a few y e m .  To 
maintain the volume in a ueeful form, corrections are issued in the 
weekly Notices to Marinera, insertion aheetq and supplementa; and 
each volume is revised and’paesed to a new edition when .the correc- 
tions have sesumed proportione that  impair ita ueefulneas, or mom 
recent surveys show changes or furnieh additions that  render the old 
volume unaatiefactory. 

The Coast Pilota published by the Coast and Geodetic Survey 
contain- 
1. A description of,the principal lighthouses, light veseele, and fog 

signals; li& of lifegaving stations, storm-warning display stations, and 
seacoast telegraph stations; and information regarding tides, tidal 
currents, variations of the compaq etc. 

2. Nautical descriptions of the coast and harbors and general infor- 
mation concerning the several bodies of water and harbors, including 
notes relativo to pilob, dopth of water, draft of vessela entering tho 
harbors, supplies, facil;ties for making repaim, usual or best anchorage- 
and other mattors of practical value. 
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3. Sailing directions, with references to prominent objects, dangers, 
aids to navigation, etc. The arrangement conforms to the order in 
which these matters would be coneidered in practice and be available 
when wanted promptly. 

4. Appendices, containing regulations relative to pilotage and harbor 
control and information regarding meteorologic conditions. 

5. Views of important points. Theae are inserted in  volumes which 
treat of localities which havo not yet been surveyed or wvhero they 
are necessary as an aid to  navgiation. 

6. An index map showing the limits of the charts covering tho locali- 
ties treated in  the volume. 

Tho Coast Pilot publications of the Coaet and Geodetic Survey 
cover the Atlantic and Gulf coasts of the United States, the coast of 
Porto Rico, the Pacific coast of California, Oregon, and Washington, 
tho coast of Alaska, and the Hawaiian and Philippine Islands. 

The compilation of the Coast Pilots necessitates work in  the office 
and in the field. The office work consists of the collection of the 
latest d a b  from the rcports and survrys of hydrographic and topo- 
graphic parties, from the reports and surveys of the United States 
engineers engaged in  the improvement of harbors and waterways, and 
from correspondence with local authoritics and engineers. Thia infor- 
mation, i n  manuscript, is then put  in the form which experience has 
shown to be convenient for the use of tho mariner. 

For the field work the compilers of the Coast Pilot viait every part of 
the coast which is treated in  the volume; the information collected in  
the ofice is v e d k d  and, if nocessary, corrected on the spot; such addi- 
tional artificial aids and natural landmarks as are of use to the mariner 
are noted, and hydrographic oxaminations of repomd dangers and 
changes are m d e ;  pilota, shipmasters, and local authoritios are inter- 
viewed and tho late& information is iucorporawd, together with such 
notes as can only be obtained by observation and experience in the 
locality. 

On return to tho office from the field the manuecript, corrected 
to datu, b prepared for the printer, and when iwued the volumes 
include, when necessary, a supplement or insertion sheet containing 
the changes which have occurred since the dato of the proparation of 
the volume and whilo the matter waa going through the prem. 

A recent publication of the Coast and Geodetic Survey, entitled 
“Inside Route Pilot New York to Key West,” treata of the shallow 
intracoastal waterways of tho Atlantic cosst south of Cheeapoake Bay 
and the through passage from New York. It k intonded as a guide for 
those who navigate this coast i n  very small veasels and are unable to  
carry complete seta of charta and Cosst Pilots. Similar volumes cover- 
ing tho inside waterways from Key West to New Orleans and the 
inland waterways on tho coast of New Jersey have been published. 
Eventually the entire navigable waters of the coasts will be described 
ati fully aa poseible. 



LEVELING. 

Leveling is the operation of determining differences of elevation 
between any two pointR on the surface of the oarth. There are few 
surveying or civil-en$neering operations in which loveling does not 
occur in mme form. while for many purposes only tho relative eleva- 
tions of points are roquired. i t  is desirabld lor the proper coordination 
and comparison of leveling results that all elevations be referrod to a 
common datum or surface of reference. I n  the network of lcveling 
which covers t h h  country the elevations nre e x p r d  in nietcre and 
fcot above thc mean level of the sea. The mean level of the son is 
aeaumed to be a t  the eame elovatibn on the open coaste of the Atlantic 
and Pacific Oceans and the Gulf of Mexico and it provides a datum 
cmily establishcd and accessible a t  many widely sepamtod poinia. 

Thc two principal methods now i n  use i n  the Coast and Geodetic 
Survoy for the determination of elevations are by pro& a p s t  levcling 
and by  the rnoasuroment of vCrtical angles. The first is the  most accu- 
rato method known and differs from o r d w y l e v e h g  onlyin the ecnm- 
tivoness of tho instruments used, the care with which the observations 
are made, and the refinement of &e computations; ,the second ia of a 
lower degree of accuracy, but suffices for many purposes. 

Tho instrument used in precise leveling conaieta essentially of a telo- 
scope carrying a delicato spirit level mountod in  such a mannor on a 
portable tripod that it may bo quickly and ruadily placed i n  a hori- 
zontal position. Graduatod rods are held at two pointa, the instrumont 
being placed midway-between them. The telescopo is sighted fwt on 
one rod and then on tho other. The difference of the readhge of the 
rods is  the difference of height between the two points. Tho longth of 
sight is  usually short and should not exceed 150 metom. By repoating 
the operation at successive statione tho difference of elevation of widoly 
separated points is determined. 

Various types of iiistrumenta have boon used for precise spirit level- 
ing, some of them being nearly like tho Y level, wed extensively by  
engineers on construction work, and others differing widely from it. 
Tho principal charactoristics which distinguieh tho form of pro& 
love1 now i n  use in the Coast and Geodetic Survey are the irreversi- 
bility of the tolescope and level, the absence of wyes, tho rigid h t o n i n g  
of the level vial to the tolescopo, and ita juxtaposition to the lattor, 
in tho barrel of which i t  is countorsunk; tho use i n  tho construction of 
the telescope and adjacent parte of a nickel-iron alloy having R very 
amall coefficient of expansion; the protection of the level vial and the 
middle part of the toleecope from sudden and unequal changes of tem- 
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perature by  incasing them in an outer tube; and an arrangement b y  
which, without any change of the observer's position, the level bubble 
can be clearly seen by his left eye a t  nearly the same instant i n  which 
the distant rod is observed through the telescope by his right eyr. 

. -  

Fig,29..--BENCH M A R K .  

The rcadings arc made upon a graduated metal strip of an alloy known 
as gamma steel which has a very small change of length as compared 
with other metals for any given change in temperature. The strip 
which is about 1 inch wide fits loosely in a groove of a flat .wooden rod 
about 10 feet long and it is free to move upward for temperature changes, 
being fastened rigidly only a t  the bottom of the rod. The bottom of the 
rod is made of metal and terniinates in a flat base of hardcned steel about 
1 inch square. \%'hen leveling along a railroad, the top of a Rpike, 
which serves to hold the rail in place, is used as the rod support, while 
off the railroad the rod is supported on the top of a spocially designed 
pin driven in the ground. 

Practically all the precise leveling of the Coast and Geodetic Survey 
is  done along the railroads a8 it is more economical and the work is more 
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accessible. Motor-velocipede cars are used for carrying the party to 
and from work and during the actual leveling. The tripod and level are 
mounted on one of the cars while the other car carries the rods and an 
adding machine used to record the results. 

Fig. 30.-MOTOR VELOCIPEDES USED IN PRECISE LEVELING 

A line of precise Icvcfs is always run twice, i n  opposite tlirt~tions, 
and i n  cafx? of disagreement of the results Ixyond prescrihed limits 
between adjacent bench marks one or more additional runnings are 
macle. Permanent points called “1)enck inarks ” are estal~lislicd a t  
short iiitervals for the iifie of surveyors and cnfiineers. For the leveling 
done since 1899 the maximum discrepancy allowed between two meas- 
urements on a section 1.6 kilometers (1 mile) long is 6 millimeters, or 
unofifth of an inch. For sections of other lengtlis tlic diRcrepancy 
allowed is made proportional to the square root of the length. 
h much more severe test of the accuracy of the levelinq is o lh ined  

from the closures of large circuits, 50, 100, or 1,000 miles i n  c,ircumEcr- 
encc. Elevations being canied from one point continuoudy i n  one 
direction around the circuit, the computed elevation for the Ptarting 
point on closing the circuit should a p e  with that assumed for i t  a t  
the start if there are no errors i n  the leveling. 

I n  the network of precim leveling which now covers the United 
States there are over 100 such circuits, varying in circumference from 
100 to 4,700 miles. The lines are so interlaced that carh line usually 
forms a y , r t  of two circuits. The greatest error indicated by the circuit, 
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closures in  any line of the whole system, involving oyer 42,000 ndes  of 
leveling executed by the Coast and Geodetic Survey, the Corps of 

I 

”.** _.-I.I , - . . i / 1  

kilometer, or about one-eighth of an inch per mile, while the average 
error is 0.3  inillinieter per kilometer, or about one-fiitietli of an inch 
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per mile. The leveling done in recent yeam by the Coast and Geo- 
detic Survey haa an average closing error leea than 0.2 millimeter per 
kilometer. 

Since the adoption of the preeent instrument and methods the Coast 
and Geodetic Survey hns completed over 22,000 miles of precise level- 
ing. The average rate of progress of this leveling waa about 75 milee 
per month, each mile being leveled at leaat twice, once in a forward and 
once in a backward direction. During the month in which the m a t  
rapid leveling waa done, 166 miles of the line were completed. The 
coat of this recent leveling has been from $7 to $16.60 per mile of prog- 
r m .  That is a double-leveled mile. 

I t  is intended to extend the p rmnt  network of preciee leveling over 
the United Statee until there will be but a few pointa in the country 
which will not be within 50 milea of a precise-leveling bench mark. 

Leveling by vertical angles, or, aa it is usually called, trigonometric 
leveling, c o d  in measuring at  any station the angle of elevation or 
depression of a distant station, and is camed on in connection with 
triangulation. ‘ The sight in this case may be of very great length, and 
in mountainow regions sometimes exceeds 100 miles. The distance 
to the station dghted being known, the difference of elevation between 
the observer's station and the dietant point is computed. In making 
the computations of heighta from such observations it is nBceBBBry to 
apply large corrections, on account of the refra&on of the ray of light 
coming from the distant point to the observer. This refraction is very 
variable, having different valuea at different hours of the day, on differ- 
en t  days, and in different 8e88on8. Becauae the physical condition 
of the atmosphere can not be known over long linea of sight,the accuracy 
of the trigonometric leveling falls coneiderably below that of precise 
spirit leveling. The plan followed for preventing the accumulation 
of errors and improving the elevations determined by trigonometric 
leveling i~ to connect them measures at various points with precise- 
level bench marb and to adjust the trigonometric levels to fit the pre- 
cise leveling between t h w  pointa. When this haa been done, the 
resulting heighta are of sufficient accuracy for all except very detailed 
topography. Several thousand pointa have been so determined i n  
various parta of the United Statea. The connections with precise- 
leveling work and other testa of the accuracy of the trigonometric 
leveling indicate that it is an even chance that the difference of ele- 
vation of two pointa, determined by trigonometric leveling, is correct 
within 1 or 2 inches to the mile when vertical nngles have been ob- 
m ~ e d  in both directions over the line. 
See ale0 the various leveling publications of the Coaat and Geodetic 

Survey, especially Appendix 8, 1899; Appendix 3, 1903; Precb 
Leveling in the United States. 1903-1907; and Special Publicationa 
Noe. 18, 22, 28, 39, and 41. 

. 





NW"ICAL CHARTS. 

Purpose.-?Tautical chart  are designed primarily for the use of the 
navigator. They also senw i n  other ways the interest of conimerce. 
and are valuable for military defense, planning harbor improvements. 
the study of physical hydrography, and the problems of oceanography. 

Chart-making bureaus of ihe United Slates Goam~nent.-Thoe bureauu 
of the Government are authorized to publish nautical charta, but under 
rwtrictious which define the duties of each and provent duplication: 
The Coast aud Geodetic Survey in  the Department of Commerce: 
the Hydrographic Office in the Navy Department; and the Corps of 
Engineers i n  the War Department. 

The Coast and Goodetic Survey is charged with surveying the coasts 
of the United States and the coasts under ita jurisdiction, with re- 
soarches to determine the origin and courses of the groat ocean currents 
known as the Gulf Stream and the Japan Stream, and to iasue from 
these surveys chrta  suitable for the purposes of navigation, commerce, 
and the public defense. The Hydrographic Office is authorized to 
duplicate charts issued by other ilations, and to publish chart8 based 
on surveys by our Navy of coasts not under the jurisdiction of the 
United States. The Gorp of Engineers surveys the Great Lakes and 
iasues the charta necesenry for their navigation. 

,%tent and character of charts.--l;br purposes of navigation, nautical 
charts may include large a r m  like one of the oceans or a m ,  showing 
the shores and outlying dangem, and perhaps indicstixlg the principal 
currenta and winds. Charta may ale0 embrace much smaller areas, on 
larger scales, permitting gra te r  fullness of detail, and thus presenting 
graphically the channels that can be followed, with the depth of water, 
the poaitiolu of lighb, beacons, and buoys, together With sufficient 
topography to ellaDk? the mariner to identify the locality as he arrives 
in sight of land. The largestscale charts are generally those of har- 
bors, and exhibiting, aa they do, all the important details, including 
topography, are of great valuo to the engineer for tho study of phyaical 
conditions with a view to the improvement and military defense of 
the harbors. 

&&?8 of c]rart8.-To supply the different need8 of the navigator the 
Coast and Geodetic Survey issues various aeries of charta. On the 
Atlantic coaat, for example, there are four distinct wries. In  three 
of these series tlie charts are located 80 that each chart overlaps the 
edges of the adjacent charta i n  the ftame series. l3y thit manner the 
entire c o d  are charted on three different scales. In the first Mriee, 
known aa Sailing charts, the scale is small and each chart embraces a 
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long stretch oi coast. They are intended for the use of the navigator 
in fixing hi8 positioii a3 he approaches the coast from the open ocean, 
or when sailing betmeen distant coast porta. They show the offshore 
soundings, the principal lights and outer buoys, and such natural 
landmarks aa may be viaible from a considerable dktance a t  sea. 

The second series is called “General charts of the coaat.” Their 
wale is three times as large aa that of the Sailing charta, and each chart 
covers a more limited area. They are employed for coastwise naviga- 
tion when the v.essel’s courae would be mostly within sight of land, 
with her poaition fixed by landmarks, lighta, outer buoys, and charac- 
teristic soundings. 

The third aeries, called “Coast charta,” is constructed on a scale 
five times as large as the general charta of the  coast. One inch on 
them charta repreeenta about 1 nautical or 1% atatute milee. Such 
charta are necessarily confined to short stretches of coast and they are 
made for cloae coastwise navigation where a v e ~ ~ e l ’ s  courae would 
carry her inaide of outlying reefs and shoals. They are the ones best 
suited for ontoring bays and the larger harbors and for navigating the 
large inland waterways. 

The fourth series consists of harbor charta on large scalw, intended 
to meet the needs of local navigation. Harbor charb are not laid out 
on a uniform scale and according to a rigid syatem, as is the c a w  i n  the 
first three series. Hence they will be found on several scales, and, 
generally, each chart having no connection with any other one. These 
charta are much fuller iii hydrographic and topographic detail  than 
are the charta of the other three aeries and therefore serve a variety of 
inter&, iii addition to navigation, for which the other charta would- 
not suffice on account of lack of information. 
Chart-nuking mutm‘aZ.-Elmewvliere in tk is  publication have boen 

deacribed the several lines of work of the Coast and Gkle t ic  Survey. 
Ita varioua field activities are carried on to supply the information 
needed to prepare tho charts, and to supplement their use with the 
aid of Coast Pilob, tide tables, etr. All tho field data are sent to  the 
Washington office (or, ill the c88e of the Philippine Islands, to the 
Manila office), where the triangulation and other geodetic and mag- 
netic work and the tidal data are examined by expert computera who 
make. the necessary atljuatmenta to connect them with work already 
done. Hydrographic and w h 4 r a g  surveys are always unfinished 
when received from the field, owiug to the necessity of supplying 
certain informatioii and checks which can be done only in the office. 
Expert hydrographic draftsmen there complete the plotting, inking, 
apd verification of these sheets. 

To one not acquainted with the subject it will be a surprise to learn 
howyyrh original survey material aiid published data enter into the 
preparation of a chart. The following statement shows the material 
uwtl in preparing one of the Alaska rharta, and is well below tho 
ayerage in  the quantity of material required: 
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Material w e d  in wnshueti?Eg a typical Coaat andGeodeticSumy dart. 

! I I I I Orlginelmaterinl. j Compiled material. I i 
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Coast 1 
I'ilots 
I&hi 
Lists, 
etc. 
- 

n i  

Constntction o/ tle chart.-The surveys and other field data having 
been esamined and adjuated, the preparation of the chart may be 
started, the first step being the con8truction of a projection. Thie is 
the term applied to the framework of lines found on nearly all nautical 
charte, and which represent the parallels of latitude and meridians of 
lon~4tude. Sometimes, for the sake of simplicity, only the intcmec- 
tioris of these lines are shown on tho body of the chart. 

Owing to the curvature of the earth's surface, it is not possible to 
represent it upon a plane surface, such aa a sheet of paper, without 
introducing aome distortion and the aacrifice of some desirable quality. 
Many different types of projection have been devised, but, with the 
exception of a few special charta, the Coast and Goedetic Survey em- 
ploys only two kinds, tho Mercator and polyconic, of which brief 
descriptions will bo given. 

Illocrc!or projerfion.-'l'ho Nercator projection iS used for the principal 
charb of the coast and for all oceanic areas. The meridians of longitude 

' are represented by parallel straight lines, and the parallels of latitude 
by stmight lines separated by spaces that increase between succeseive 
parallels when proceeding from the equator towaid the poles. -4 
glance n t  a globe \vi11 show tFt the actual distances between the 
meridians on the earth's surface dim%& one goes towvard tho poles, 
while there is practically no difference on the earth between the 
parallels. It is evident, therefore, that the scale of a Mercator chmt 
becoma larger and larger toward either pole. This variable scale, 
which increasingly exaggerates all details 88 one geta farther from tile 
equator, constitutes the principal drawback to this projection. It 
has, however, certain advantages for the navigator that are not found 
on other projections. 

I'olyconic ivojechn.-The use of- this projection is confind mostly 
tu I?arbor charta and to surveying purposes. I t  pos~eaes tho ad\rantajie 
over the Mercator, and most other plpjections, of showing the directions 
and distances of all poinB in their correct relation to each ofier. pro- 
+ded the projection is not extended over too large an area. 
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Details of chart construction.-With the projection aa a framework 
and guide for their proper location, the details of the land area are 
copied from the topographic field sheets. If the chart is on a large 
scale, such as a harbor chart, where it ia desired to show every detail, 
the copy may be an exact one of the field sheet. If, however, the chart 
is on a small scale, minor details are omitted and others are generalized. 

To show the depths on the water areas of the chart, the aoundinbg 
are copied from the hydrographic field sheets and correctly located, aa 
in the case of the topo,ompliy, with reference to the meridinns and 
parallels. For the sake of clearness, a selection ia made from the closely 
spaced soundings on the field sheet, only tho..e sounding being copied 
which ace necesnry to plainly show the configuration of the aca bottom. 
On large-scale charts the outline of the bottom ia shown in minute 
detail, a~ was done in copying the topography, and likewive the smaller 
the scalo the greater the generalization and the larger the number of 
details omitted. 

In addition to the representation of hydrographic and topographic 
features the charts contain much information in condensed form relative 
to the variation of the magmetic compass, tides, currents, meteorology, 
and descriptive notes concerning channels, dangers to navigation, and 
other related subjects. 

The names are now placed on the drawing, which ia then turned over 
to snotlier cartographer, who verifiea every detail, paying especial 
attention to those features whose omission or *placement might 
result in dieaster to the navigator. 

At thh  stage the chart is known technically 88 a rough drawing or 
compilation; rough, however, only in the seme that p a d  were not 
taken to make the linea smooth or the figurea and letters well-shaped, 
as they will finally appear on the printed chart. The workia the prod- 
uct of the engineer rather than of the artist. 

From this point .\o work may progress along any one of a number of 
lines. Various methods of printing cham are in use and the method 
determined for each particular chart determines the proceedings from 
tkis point. It ia, therefore, necemary here to state briefly tho methods 
of printing in order that the reader may understand the reason for this 
divergence. 

The following methoda of printing are used in the Coast and Geodetic 
Survey : 

1. Plato printing. 
2. Lithographic printing. 
(a) By transfer from engraved copper plate. 
( b )  Photographic process printing with the aid of photography. 
Formerly it waa the custom of all nautical chart producing organiza- 

tions to print the charta directly from engraved copper plates. Engrav- 
ing has been a familiar art for many yoars, whereaa lithographic print- 
ing ia of comparatively recent dovelopment. Even to-day there is no 
other method available which produces such sharp, clear outlines, and 

- 
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mch legibility of minuts detail, as that obtained in an impression 
from a good copper plate. The method, however, is a slow and la- 
borious one. Nost of the work must be done by hand, with the result 
that two men operating one press can print only from 80 to 100 charta 
a dny. Obviously, therefore, the method is not suited to quantity 
production. The method used also casuses considerable distortion of 
the resulting print which, in a product of this character, it is vey  de- 
sirable to avoid. For these reasons the method of printing direct from 
copper plates is being discarded by  the Coast and Geodetic Survey as 
rapidly as the transition to lithographic printing can be effected. .4 
few charta are still pnnted direct from the copper plates, but  these 
are confined to rharta of remote or unimportant localities for which 
the demand is so limited that only a few need be printed at any one 
time. 
Printing by fransjcr.-Even if the chart is not to be printed from the 

copper plate there are CBB~S where it is derdrable to have the chart 
engraved on copper. The compilation of the chart is a tedioiis and ex- 
pensive undertaking, reqiiirhg months to complete. Once completed, 
however, the compilation of a chart of a well-surveyed region is suitable 
for use for many years, it heing only necessary to correct it for natural 
or artificial changes which occur with the lapse of time. It is, there- 
fore, deairable that the original compilation he presewed on a medium 
which is permanent, not 8uhject to change in  varying atmospheik 
conditions, not e k l y  damaged, and on which old work can be eraeed 
and changes made,+ven a number of times i n  the m e  locality. 

Copper plate8 posseas these qualities to a much greater extent than 
any other materinl upon which the drawing can be made. On the other 
hand, the very qualities inhcrent in the copper which g i ~  it these 
attributes remilt in  certain drawbacke. Because copper is permanent 
and durable it i B  hard to work on. In many cases it takes longer to en- 
grave a chart on copper than it does to draw the eame chart on vellum, 
but  88 drawings deteriorate or are worn out by frequent corrections, and 
have to be entirely redrawn, engraving, in  addition to its clearness, 
may be more economical even where the first cost is greater, except in 
very changeable areas, where rmrveye  are frequent and cover the 
major portion of the chart. 

As so many charta consist of one important harbor frequently re- 
mrveyed, with extensive surrounding areas where resurveys are prac- 
tically unneceseary, the advantage of having charta of this c h m x b r  
on permanent material is apparent. Corrections can be made i n  one 
section for all time without an entire redrawing of the whole chart 
whenever such corrections are needed. Corrections are more difficult 
to make on copper and, if estensive, involve the uee of time-coneu&g 
electrotyping processes. This fact constitutes the most serious objec- 
tion to the uee of copper, as it is important that the navigator should 
be furnished the result8 of new surveys with as little delay 88 possible. 
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A m f u l  weighing of these advantages and disadvantages haa led 
to the conclusion that certain charts should be preserved on copper 
whereas others should be on a less permanent material, the character 
of the region charted being the detemining factor. Thus, a small- 
scale chart of the ineide waters of southeastern Alaska should be on 
copper, for no extensive changes, either natural or artificial, involving 
large corrections to the chart need be anticipated. On the other hand, 
such a chart aa the large scale one of Kew York Harbor is not suited to 
engraving on copper because of the changes which must constantly be 
made over all parts of it, in order that it may be kept up with the de- 
velopments of the port. 

In order then that advantage may be taken of the derJirable qualities 
of the copper plate without being compelled to suffer the disadvantages 
of printing directly from it, a method has been developed by which 
the work engraved on the capper plate can be transferred to an a1um.i; 
num printing plate and printed on the lithographic presses. An im- 
presaion from the copper plate b pulled on a specially prepared t r a d e r  
paper. This impression is then laid down on the aluminum printing 
plate and run through a preea by which means the work is tramferred 
to the printing plate, which is then further treated to fix the work and 
render the plate suitable for printing from it. 

Photographic process printing.-In this method, after the compilation 
of the chart is completed, the rough drawing is covered with tracing 
cloth or vellum through which the detaile are visible and these aro 
traced with pen and india ink, converting rough,linea into smooth 
and ill-shaped letters and figure3 into well-ehaped ones. Corresponding 
care is taken in  the reproduction of tho varioua conventional symbole 
used to delineate the topograpliic and hydrographic features, so that 
the completed tracing is not only accurate aa to location of these features 
but is also of the highest artistic quality. 

This drawing is then photographed in sections, from four to aix noga- 
tives being made, depending upon the size of the chart, which repro- 
duce every detail and are exactly of the scale of the tre5ing. In this 
work the skill of the photographer is taxed to obtain thegreatost posible 
sharpnees and definition and to secure negativea which fit oach other 
exactly, 80 that when laid down side by side each line exactly joine 
itu continuation on the adjacent negative. 

Them nogativea aro then oxposed on a sensitized aluminum plate 
with the result that when developod and properly treated the drawing 
is reproduced as a positive on the printing plate and is ready for uae in  
printing. 

Prior to tho completion of the compilation the method by which the 
chart i s  to be printod has been determined. If it L to be reproduced 
on copper the compilation is Bent to the engraving section. 
Engraving of charts.-The first step in this process is to construct the 

projection on tho copper plate. The compilation is then photographed 
in sections on a tllmaparent~medium, producing what are called ms- 
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tricee. Theso matrices arc then laid down on tho copper plate, a small 
area a t  a time, each aroa being fitted into place by fitting the projec- 
tions seen on tho matrix to the projection on tho plate and the work ia 
transiorred from the matrix to the coppor, affording the engmvew nn 
oxact copy of the chart froni which to work. 

The work is then engravod upon tho plate, each detail boing repro- 
duced exactly in the position which it occupied in the compilation. 
In  this engraving the artistic quality, which, aa we have already seen, 
waa lacking in the compilation, is added. When tho old mothod of 
printing direct from plates was in we the plate waa engraved negatively, 
BO that the print from i t  would be poeitivo. With the adoption of the 
newer method of printing on an offset pross from a transfer made from 
an engravod plate, tho method of engraving wa8 changed to positive. 
This results in a negative on the transfer paper which ngain becomes a 
poaitive on the printing plate. 

)lost of tho work of tho engraver is done by hand, and this part ie 
necessarily slow and laborious. Some parts, however, such as the 
soundings and certain conventional Bymbole, are cut by mechanical 
appliances, Thus, a chart upon which hydrography predominates can 
be engraved in about tho time required to make tho tracing on vellum. 

I n  engraving the chart the eamo care that waa used in paking the 
compilation is exorcised by tho engraver to insure absolute accuracy. 
JVhon the engraving b finiehod an h p r w i o n  is pulled from the plate, 
venfiod by the engraver, and m y  necesesry corrections made. Another 
impreeaion is then pullled, which receives a final verification by the 
draftsman. 

When the plate iS finished and found to bo correct in evory dotail, 
it ie turned over to tho eloctrotypor who produces an “alto,” which ie 
stored for future use. This is nocoseary becaueo, durablo aa tho copper 
is, it evontually bocomoe (JO worn that good impreasions can no longer 
be obtained. When the plate approaches that condition a new crbaeso” 
h made by oloctrotyping, thus producing in a few days‘ t h e  a new 
plato the oqual of the former a t  ita best. 

F iml  dehib.--The final step in preparing the cW, irreepective of 
the method by which it is to be printed, is the drawing of the symbols 
of the lighthouses and buoys whero thoy belong, and a h  tho cornpassee 
whore they will be most convonient for the uee of the navigator. The 
application of this information is delayed until the chart &I ready to go 
to p r w  for the r o w n  that changes in thoso aids to the navigator n e w -  
earily aro mado with conaidorable frequency, and it is ewential that all 
thoso dotails bo correct on tho date whorl tho chart is issued. 

Printing.-Ovor 94 per cent of Coast and Goodetic Survey charta a 9  
now printed by lithography, and of theso over 93 p r  cent are printed 
offset; that b, the papor doos not come in contact with the aluminum 
printing plate, but instoad the impremion is made on a rubber blanket 
from which it is offset to tho chart papor. This process gives sharp and 
unbroken lines. The offset process i s  wad for the black only. ~ h i c h  
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L, in fact, the chart. Colors are used to accentuate certain features 
such as the red buoys and on small charts, the lights. The land is 
covered by a tint, and on eome charta shoal waters are tinted blue. 
The object is. of come,  to improve legibility. Both rotary and flat-bed 
preases are used. 

New edilions ofchnrls.--Tn most caws but a short time elapses after a 
new chart has been printed before it needs revimon to keep it up to date. 
This will be understood when it is stated that there are over 16,000 
lighthouses, beacons, and buoysmaintained along our coasts, and among 
these there were over 1.300 changes within a year. Thon the river and 
harbor improvements, under the Corps of Engineers, result in deeper 
and wider channels, or new broakwaters, which muat be noted on the 
charta. The chart must also keep pace with the changes in the wator 
fronts of harbors and the growth of citioa and towns along the coast, LV) 

that the navigator will be able to identify hie position on the chart by 
reference to these objects. 

Besides these changes due to the works of man, tho great natural 
agencia are also constantly a t  work altering the features shown on the 
charta. The action of currents and waves is continually cutting away 
or building up the shore, particularly on sandy coaata exposed to storms, 
and whilo these visible effecta on land are boing produced, others even 
more important are going on beneath the surface of the watar; channels 
and shoals shifting, new ones coming into existence or old ones disap- 
pearing. All these changes from the varioia sources indicated give 
an idea of the problem of keeping a chart up to date and why it is neces- 
eary to print small editions and revise the cham frequently. 

The publications of the Coast and Geodetic Survey are sold to the 
public a t  a price which is estimated to cover only the cost of paper and 
printing. The main purpose in selling the charts a t  this low rate is to 
encourage the use of the latest editions aa the employment by mariners 
of an old chart, instead of the latest edition, is highly hazardom. A 
number of vessels have been lost due solely to the use of old charta. 
At present 658 different charta of the waters under the jurisdiction of the 
United States are being published, and the number of copies hued 
during the fiscal year ended Juno 90, 1919, waa 290,537. 

Reading charls.-A n a u t i d  chart ia essentially a diagram for prac  
tical me by navigators. All omamontation and unnecessary details 
me studiously avoided. The symbols employed to represent the vari- 
ous features are the result of many years of experience. To aid in 
interpreting the hydrography and to make plain the shoals and pas- 
sages, depth curves are given on tho charts. The shoaler aroaa are 
made conspicuous by the me of fine dots (mding) and frequently a 
blue tint is used for the m e  purpose. 
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The primary interest of tho Coast and Geodetic Survey in ocean- 
ography is well defined w being solely connected with the physical 
characteristics of the ocean aa distinguished from the life of the ocean. 

These phyHical characteristics have been divided by some ocean- 
ographers under two general headings: First, static qeanography, in- 
cluding the temperature, density, and chemical properties of water, 
depth and character of bottom, etc.; mcond, dynamic oceanography, 
including such phenomena m tides, currcnta, land formations, waves, 
etc. 

Tho first oceanographer in the United States waa Benjamin Franklin. 
This is evidenced by an excellent map of the Gulf Stream published 
in 1770 from information received from American whalem and mer- 
chant ship captains. 

The first Oceanographer of the Coast and Geodetic Survey w a ~  Lieut. 
George hi. Bache, who waa a direct descendant of Franklin. Lieut. 
Bache, while engaged on deep-sea exploration in the Gulf Stream off 
the coast of Virginia, wm washod overboard from the United States 
Coast Survey brig Vashington, and lost with 10 members of his crew on 
September 8, 1846. 

Our present knowledge of oceanic depths adjacent to and along the 
steamer tracks between our Atlantic and Pacific coast ports, including 
the approaches to the Panama Canal, has, since the termination of 
the World War, been amplified to a large extent by the Coaat and 
Goodetic Survey’s vessels returning to their stationa on the Pacific 
coast. 

Deptha of the ocean.--It so happens that tho greatest known depths of 
both the Atlantic Ocean and $he Pacific Ocean are located in watem 
adjacent to islands belonging to the United States. I n  the Atlantic, 
north of Porto Rico, a aounding of 4,662 fathom (27,972 feet) has been 
obtained, and in the Pacific, off the east coast of the Philippines, the 
grea-t known depth of all the oceans waa measured by the German 
ship Planet. Here the bottom is below the level of the sea a distance 
of 5,348 fathom, m 32,089 feet, which iS the equivalent of more than 
6 land mileu, a depth greater by 3,087 feet than the greatest known 
height of tho IIimalayas. 

To obtain measura of the great oceanic depths several succwful 
sounding machines have been perfected, notably the one doeiped by 
Sigsbee, with which the United States Comt and Geodetic Survey 
ehips are equipped. 

81 
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All deep-sea sounding machinen are dependent on the use of a very 
fine steel measuring wire with a heavy detachable Hhot as a sinker. 
The amount of wire passing over a recording measuring wheel gives 
the depth in fathoms or metora as may be desired. This sinker and 
wire are domed to run out from a revolving drum with all freedom 
possible, but even under the best conditions it takes, for example, a 
full half hour for the shot to reach bottom at 3,OOO fathoms; and in 
greater depths the time of falling of the shot and wire is rapidly in- 
creased by the friction of the longer wire. 

Nothing is so impressive of the magnitude of the depths of the ocean 
aa the watching, second after second, minute artcr minute, for a half 
hour or more, the rnpidly revolving drum from which tho sounding 
wire is unfolded in its downward fall. And when the bottom is struck 
and the shot is automatically detached, as indicated by tho slight 
slackening and tremor of the wire conveyed to the surface, there 
comes a sudden realization of the 3 or 4 miles of elevation of the observer 
above the hottom of the ocean. 

Temp~alures.-Oceanogmphic temperature observations are mado 
on a larger and stronger wire than that wed for soundings, a series of 
specially devised self-registering capsizing thermometera being socured 
to thewire a t  different points m it is lowered. When tho lower end of ‘ 
the Wire is a t  the desired depth, a weight, called a memonger, is star ted 
down which not only capsizes the first thermomoter, but also releasee 
a second mesmnger which is attached to  it. The second messenger 
then continues its journey to tho second thermometer which it both 
capsizes and causes to release a third messenger, and 80 on for a period 
of B half hour or more until the last thermometer of the series has 
registered ita temperature by capsizing. 

Cwrenta.-A statement of oceanography as connected with the work 
of United Statea Coast and Geodetic Survey would be incomplete with- 
out some mention of the work of that Service in the study and investiga- 
tion of the great ocean river known aa the Gulf Stream. To this prob- 
lem, under upecial authorization by Congreae, much time and energy has 
been devoted, as is shown by the many publications giving the rosulta 
and discmion of the work of such oceanographera as Bache, Pourtales, 
Mitchell, Sigabee, Pillsbury, and others. The work of tho United Statea 
Coast and Geodetic Survey ship Blake under the command of Sigsbee 
and Bartlett, L particularly well known through the two volumes of 
Agassiz issued under the title “Three Cruises of the Blde .”  

To measure ocean currenta a t  tho surface where the depths are not 
too great to anchor a ship by ordinary meana is a comparatively simple 
undertaking. At greater depths i t  is a problem that has not heen 
Rstiafactorily solved, although Pillsbury, i n  h b  famous investigations 
of the Gulf Stream, while in command of the United Statcs Coast and 
Geodetic Survey ship Blake, nuccceded by the une df spochlly designed 
machinery in anchoring the Blake at the very wonderful depth of 2,100 
fathoms (12,600 feet). 
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The measure of the motion of a suitalde floating object in direction 
nntl velocity in reference to a fixed point sufficiently indicates the 
work that is necessary in the meamrernent of surface current. But 
underwater meauurcmenb involve not only the regkter of a revolving 
wheel representing the velocity of the movement of the water, but 
also the register of the direction of the movement m measured by sonic 
form of a compase. Several very ingenious current meters have been 
devised that will accomplish this purpose, but are too complicated for 
an adequate. description in thi8 pamphlet. 
Ocean tidcs.-The subject of t i de ,  aa connected with the work of the 

United States Coast and Geodetic Survey, haa been described in a 
separate chapter under that heading, but i t  has one phase which iA 
so clearly one of oceanography that it will be briefly mentioned. It 
relates to the question of the origin or came of the dominant tides a~ 
developed in the Stationary Wave Theory of Tides, by Dr. Rollin A. 
Harris, of the Survey. 

From the viewpoint of the ordinary student, the problem of the 
tidoe b ono that waa se t t ld  in its main features aa long ago aa the die- 
covory of the laws of gravitation by Newton. As a matter of fact, i t  
is only in recent times that anything like a satisfactory explanation 
of tho dominant ocean tides hae been developed in a practical form. 
The r e m n  m n e d  for thh is that “definite or applicable theorie~ 
concerning the causw of existing tides were impossible before the 
depths of the oceans had become generally known.” 

Knowing the depths and tho shape of the ocean basins, knowing the 
laws of the oscillating movementa of water in such basine, and knowing 
the laws of the action of the oceans of the tide-producing forcos of the 
moon and sun, it is theoretically possible to calculate the charaoter 
and extent of certain great stationary waves, extending from continent 
to continent, or otherwine aa the &ape of the ocean baRins may demand, 
w-how period of oscillation shall corrospond to and be maintained by 
the periodic action of the tideproducing forcea. 

That such oscillating oceanic waves do exkt had been eurmbed for 
some time, but it waa left to “ r i e  by hi6 development of the Cotiddl 
lines of the oceans and the dynamic laws of the fundamental move- 
ments of ocean watsrs to demomtrate that the Stationary Wave Theory 
of Tidm is in accordance ~ t h  the actual observations of the phenomena 
of the I-~BO and fall of the tidee. 

Ofher physical phemmena.-Other physical phenomena of ocean- 
ography within the province of the Coat and Geodetic Survey, such 
a.q the salinity, donaity, and cornpition of ma wator, etc., are many 
and constantly increasing aa the subject of oceanography ie enlarged 
on ita many sides. . 

Apparently there is no sphere of both scientific and pr&ti& en- 
deavor which is a t  the same time so v a t  and eo little exploited as that 
of oceanography. In  fact, the great depths of the oceam with their 
unknown physical and biological features are perhaps the only remain- 
ing portiom of tho world that can be juetly said to be still unexplored. 



GRAVITY. 

Gravity observations are an important and w n t i a l  part of a geodc.tic 
siirvey. 

While operations for the measurement of the size of the earth by 
extended and connected systems of triangulation are of necessity con- 
fined to the land-that k, t o  one-third of the earth’s surface-gravity 
observations can be made a t  disconnected points anywhere on the 
earth’s surface, on ialands, in  the ocean, and, with less accuracy, even 
on ships. From such obwrvations the earth’s compreeaion-that is, 
its shape, can be deduced by mathematical processes with a high 
degree of accuracy. 

A knowledge of the intensity of gravity ia also eesential in meteorology 
and for the determination of‘many physical conatanb, such as, for 
instance, the mechanical equivalent of heat. By means of gravity 
determinations an extensive research hae been made by the Coaat 
and Geodetic Survey to determine variations from the normal densities 
of the materials in tho outer portion of the earth. (See article on 
Geodesy on p. 97.) 

Gravity is the term used for the tendency of bodies to fall toward 
the earth. It is the resultant of two opposing forces-gmvitation or 
the attractive force of the oarth and the centrifugal or repelling force 
due to the earth’s rotation. 

The variation of the force of gravity at difterent places on the earth’s 
surface was firat discovered by Richer in 1672. He found that a clock 
which kept accurato time a t  Park, France, lost two minutes daily 
when transported t o  the\island of Cayenne, South America, though there 
had been no chango in the length of the pendulum. Later it was 
found that grsvity varies with the latitude, with the elevation, and with 
the character of thc topography of the surrounding country. Thus, a 
m w  weighing 200 pounds a t  aea level a t  the Equator will weigh 
approximately 201 pounds at aea level a t  either pole; a ma88 weighing 
400 pounds a t  aea level will weigh approximately 399 pounde a t  an 
elevation of 5 miles in the aame latitude; and a given maea will weigh 
more at the top of a sharp mountain peak than i f  it were a t  the center of 
an extensive plateau of the aame elevation as the peak, providing the 
latitude is the aame in both cases. I t  ia understood that these weigh* 
are recorded on a spring balance and not on beam scala. 

The pendulum forma the most p r e c h  88 well 88 the most convenient 
way for measuring gravity. The early forms of gravity pendulum 
were made about 1 meter in length and had a period doee to one 
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second. Thew pendulums were difficult to  handle and transport on 
account of their large size, and as they were swung in the open air they 
did not give very accurate resulta. Some forms were reversible for 
measuring the absolute value of gravity whilo others were swung in  
only oiic position and could be used only for measuring uifferences 
of gmvity. 

It is a difficult mattcr to determine accuratdy the absolute forro of 
gravity for a stntion, even with tho greatest care and a large number of 
observations. On the other hand, i t  is comparatively easy to deter- 
mine with great accuracy the difforence of gravity between two places 
with the invariable pendulum. All observations for obtaining the 
values of gravity in  the United States are made by  the relative method. 
The bnee station for the United States is a brick pier in the bnecmcnt of 
the Coast and Geodetic Survey office in Washington. The value of 
gravity at that pier wm obtained by  the relative method from Potadam, 
Germany, where the absolute value of gravity was obtained from many 
o h r v a t i a n s  throughout a long period of years. All values of gravity 
in the United States, therefore, are referred to the absolutc measurc- 
me ‘ta at Potadam. 

‘&e form of pendulum now used by the Coast and Geodetic Survey 
diffbrs very materially from the early forms and was designed and 
constructed bp ambers. of the Survey in 1890. Like the pendulum 
designed by Dr.’&Zdn qtemeck in Austria several years previous to 
this time, it ia only one-quarter of a meter long and has a period of 
oarillation of about one-half second. 

The gravity apparatus i n  plroeent. u80 in’the Survey consista of the 
follbwing eseendal parts: Three pendulums, an air-tight brass caw 
in which the,pendulums are swung, a telescope for obeerving the 
millation of the pendulums, two chronometers, several thermometers, 
a mhnometer for measuring the air prcssuro within the caae, nnd nn 
interferometer for measuring the movement of the cam caused by  
the swinging of tho pendulum. The pendulum is a simple stem and 
bob’of solid bronze and differs from an ordinary clock penduhim in 
having a small agate plane attached to its head which r a t a  on an 

‘ ags& - m e e d g e  in the case and in having no machinery to drive i t  
or count ita oecillations. During the experiment the pressure of the 
air ~yit&in the pendulum CBBO iE reduced to  less than one-tenth of one 
atmosphGre: The reaistance of the rarefied air and the friction between 
the agate h i f e e d g e  and the plane are so emall that  a pendulum \ h i l l  
swing continuouslyfor more F a n  12 hours, even though ita initial arc 
is only about one-fifth Of an inch. 

Tho period of oecillation of the pendulum b observed and compared 
with the beat of the chronometers at the beginning and end of ench 
lz-hour swing, and from these comparisons the average period of 
millation is computed. The pendulum is made of such a length 
that jb period is nearly, bu t  not quite, equal to  a half second, and 
(luring a period of from three to six minutes it makes one less oecilla- 
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tion than the number of half seconds registered by the chronometer. 
By an ingenious mechanical device a beam of light is thrown into the 
pendulum case at each beat of the chronometer and it there falh upon 
two small mirrors. One of the mirrors is attached to  the head of the 
pendulum and swings with it, while the other is permanently fixed 
to the support and just to  the side of the pendulum. When the pen- 
dulum is a t  reat, the two slits of light 08 reflected from these two mirrors 
appear aa a Bingle horizontal line, but in any other position of the 
pendulum the line of light a8 reflected from ita mirror will appear 
above or below the line from the other mirror. Observing a coin- 
cidence con& in noting the time when the two slita of light appear 
in the aame horizontal line and the observing of two or more consecu- 
tive coincidences enables one to  deduce the period of oscillation of 
tho pendulum in terms of the chronometer time. 

The measurement of the force of gravity a t  a atation, to  be acceptable, 
must not have a probable error greater than 1 part in 200,000. An 
actual error of 1 part in 200,000 corresponds to an error of only one 
one-millionth of a aecond in  the period of oscillation of the pendulum. 
Such accukcy is not e a d y  conceivable, but it is attained with no 
great &culty by an experienced obaerver. Care is taken to keep 
tho pendulum apparatus n t  aa nearly a constant temperature aa 
p d b l e  and all variations are carefully observed. 

One of the corrections which must be applied to the observed time 
of oscillation of the pendulum is due to tho movement of the caw 
resulting from the swinging of the pendulum. The cam is a rectangular 
brass box about 10 inches square a t  the base and 11 inches high (inaide 
dimenaions), weighing 100 pounds. I t  is either placed on a solid 
concrete floor or an especially prepared brick or concrete pier. In  
spite of them precautions, the swinging of the pendulum thiough its 
very small arc cams  a rocking of the cam, and this in turn affects the 
period of the pendulum. This small movement of the cam is me= 
ured by the interferometer, a very delicate instrument which depends 
in principle upon the interference of light waves. Distances aa small 
aa one ten-millionth of an inch, one-twentieth of a wave longth of 
eodium light, can be measured with it. Vibrations of the ground 
due to the paeaing of a team a city.block away or a train a mile away 
am e a d y  detected. During such diaturbances observations with the 
interferometer to deternhine the flexure of the pier and pendulum cam 
can not be made. Some idea of the delicacy of this measurement 
may be obtained i f  it is noted that the correction to the pariod of the 
pendulum for floxure usually amounta to about one one-millionth of a 
second. 
In order to eliminate from the gravity observations errors dua to 

the rats of the chronometr it is necessary to determine ita error within 
a few hundredth of a second of time both a t  the beginning and end 
of a seriea of obaervations with the pendulum. This was formerly 
done by making time observations on the stars with an astronomic 
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Fig. 35.-VARIOUS TYPES O F  PENDULUM. 

At the left tho Peirre invarlnhle seconds pend~llum, at tho right the Katcr invnriahle 
second? pcndi~lum, end at tho ccnwc the orlimn1 I~nll-srcond pendulum of the Coast and 
Crodctic Survey. 

400G0-20-7 



96 U. S. COAST A N D  GEODETIC SURVEY. 

transit. During the last few years satisfactory reaulta have been ob. 
tained b y  the use of the noon signal sent out from the Naval Observatory 
over the commercial telegraph lines. This method has decreased the 
time and cost of occupying a station very considerably without lower- 
ing the accuracy of the work. The gravity determinations can now 
be made at any time without regard to the weather and one observer 
can do the work alone. A second observer neceesary when time 
observations were made at each station. 

Apparatus is now being assembled and tested for receiving in  the 
field wirelcss time signals sent out by  the Naval Observatory from the 
iinnapolis wireless station. This apparatus will make it poesible tc' 
locate gravity stations i n  out-of-the-way places not reached by tele- 
graph linea without the neceeaity of making time observations with 
the astronomic transit. 

Two new sets of pendulum have recently been constructed i n  th41 
instrument division of this Bureau. The only difference between 
these new pendulums and the old ones is the material of which they 
are made. The new pendulums are made of nickel eteo1 or invar and 
have a temperature coefficient which is only about one-fifteenth that 
of bronze, the material used for the old pendulums. 

Temperature control has been a very serious problem with the 
bronze.pendulum, an error of temperature of 1' causing an error in  
the result four times the maximum allowable error. A constan& 
temperature room a t  each station lins been a necessity. With the 
invar pendulum it wiIl be posaihle to have stations out i n  the open 
countj. or on mountain peaks using only a tent for protection. 

There are now 275 gravity stations in  the United States. They are 
distributed quite uniformly over the whole country except in a few 
critical arew where they llave been placed close together to make 
W b l e  some special scientific inveRtigations i n  connection with 
geology or isostney. 

See also Special Publication No. 40 of the United States Coast and 
Gmdetic Survey, which contains the resulta of 317 gmvity Stations in 
the United States. 



GEODESY OR MEASUREMENT OF THE EARTH. 

It is natural that from the earliest timea man should have inquired 
and speculated about mattem concerning the earth upon which he 
walks and on which he epends hin life, but his first crudo ideas about ita 
ahape and magnitude \+ere not developed up to the point of a fair 
resemblance to the facts until the civilization of the race had already 
grown old. 

Geodeay is a natural development of the simpler operations of land 
eurveyhg, but, unlike the latter, takes into account the sphericity of 
the earth. Land surveying waa practiced from a very ancient date. 
Thus, in a papyrus of a date earlier than 1700 B. C. the author stated 
that his work was a compilation h m  older manuscripta. The notion 
that the earth’s surface could not be a plane, but muat be w e d  like 
the surfaceof an immense ball, should have been apparent to dwellers 
.upon the d o r e ;  yet the fact that the earth is, roughly epeaking, 
spherical waa not appreciated for many centuria afim c idi7~t ipn had 
developed to such an extent that land surveying waa practiced. The 
btep from plane to spherical surveying was an important one, and when 
it was made geodesy, allied to practical astronomy, became an inde- 
pendent branch of science. 

It ie the glory -of the famoue School of Alexandria to have produced, 
shortly before the beginning of the second century before Christ, the 
fmt measure. and a little later a eecond measure, of the earth’s curva- 
ture-that is, of the radius of the sphere. It is also remarkable that 
the principle then employed has been used ever since. Ibenthdly, 
it involves the determination of the distance between two remote points 
north and south or’ each other and of the meridian altitudes of the sun 
or of some star as seen from the two ends of the measured line. The 
difference of the measured altitudes gives the curvature of .this arc of 
the great earth-sphere expressed, say, in degrees. This being known, 
as well aa the length of the arc, the circumference or the radius of the 
sphere can be computed. After these f i t  mwuree by the School of 
Alexandria a thoueand years passed before a similar attempt was 
made-this time by the Arabs in Mesopotamia, about 825. T h s  in 
turn was follon-erl, after another long lapse of-eight centuries extend- 
ing through the Middle Aga,  by several measure8 executed by different 
nations. The principle of triangulation which is used in the refined 
modern measures of distances waa introduced in 1017. 

Modem geodesy, aa it now exists, began with the discovery of the 
law of gravitation by Newton, late in the seventeenth contury, when he 
proved that the earth, BE a revolvhg and not wholly rigid body, subject. 
to ita own attraction, must take the form of a dightly flattened uphere. 
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The form thus indicated by theory was apparently contradicted by the 
measure of an arc in France between 1683 and 1710. which indicated 
the earth to be an elongated sphere. To settle the matter, two memo- 
rable expeditions were eent out-one to the equatorial region of Peru 
(1735-1741) and the other to the polar region of Lapland (1736-1737). 
Their work proved Newton’s theory to be correct. since they found the 
length of one degree to be greater, or in other words. the arc flatter, 
near the pole than near the equator. Since then. in theory and in  
practice, geodesy has advanced on sure ground and with ever-increasing 
precieion in ita results. 

Though the early measures of the earth’s curvature were made along 
meridians only, the modern methods of measures and computations are 
such that all the triangulation in a connected network may be utilized 
in the determination of the size and shape of the earth. 

The eame imtruments and methods of observing are employed in a 
triangulation designed primarily as a I)aais for accurate map making as 
are used in measuring an arc for the purpoee of determining the earth’s 
size and shape. Nearly all geodetic arm have been obtained incident- 
ally during the progrem of extended national surveys. 

Since the revival and spread of science many surveys of countries, 
made primarily for mapping purposes and yielding, incidentally, geo- 
detic arcs, have been camed out in different parte of the world. In 
making these measures France, Great Britain, Germany, Rueeia, and 
the United States have taken leading parts. Among the more recent 
measurca there may be mentioned the Anglo-French arc, extending 
from the northern part of the British Isles aouthward into Africa; the 
great Russian arc. extending from the Arctic Ocean to the northern 
boundary of Turkey; the great Indian arc, extending from the southern 
point of India to the Himalayas; the European arc of a parallel, extend 
ing from southern Ireland eastward to central Russia. In the United 
States we have the transcontinental arc, extending along the thirty-ninth 
parallel from the Atlantic to the Pacific Oceans; the enstern olilique arc, 
extending parallel to the Atlantic coast from Maine to Louisiana: the 
ninetyeighth meridian arc, extending from Canada along the ninety- 
eighth meridian to Mexico, and thence through Mexico to the Pacific 
Ocean; the western arc, extending from Canada to Mexico along the 
Pacific coast; the Texas-California arc. extending from central Texas 
to the Pacific coast; the one hundred and fourth meridian arc, extend- 
ing from central Colorado northward to Canada; the Utah-Oregon arc, 
extending from northern Utah, northwestward to Oregon, and thence 
down the Columbia River to the vicinity of Portland; the Alabama- 
Oklahoma arc, extending fr6m Huntsville, Ala.. westward through 
Memphis and Little Rock; the Texas-Louisiana arc, extending from 
the vicinity of Waco. Tex., eastward to the Miashippi River; the ltio 
Grande arc, extending along the Rio Grande from the Gulf of Mexico 
to a connection with the Texas-California arc; and the Great Lakea arc. 
The total length of the arce of primary triangulation in the United 
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Equatorialradlusa .................. 1 0 377 397 
Bemipolaraxkb ..................... 6:3%'079 
Dlfforencead ....................... 21:318 

a d  Compression -- ..................... 1, 

States is about 14,000 miles, more than one-half of the circumferenc! 
of tlie earth. 

The form of earth aa given by the modern precise meaaurementa itj 
found to be such that with considerable exactness any section of i t  
parallel to the Equator is a circle, and any section p k n g  through both 
poles is an ellipse. The dimemiom and form of this spheroid, or 
ellipsoid of revolution, aa it may be called more accurately, are usually 
stated by giving its equatorial and polar radii or semidiameters. The 
most notable computations of the dimensions of the ellipsoid are those 
made by Beaael i n  1841, by Clarke in 1866, and by the Survey in 1909. 
B e l ' s  and Clarke's values were derived from a combination of all the 
arc meseures in different parts of the world. The Coast and Geodetic 
Survey value depends only on the triangulation done i n  the United 
States, but, on account of the application of the theory of isoetaay, aa 
explained below, the dimemiom deduced .by Hayford, of the Comt and 
Geodetic Survey, are considered the most accurato. 

The Clarke ellipsoid has been used in the United States for many 
years for surveying and geographic pu-, and is the basia for all 
the charta of this Survey and for the maps of many other Government 
organizations. The Clarke ellipsoid is suficiently accurate to be re- 
tained for those purposes. Ita retention is q e c i a l l y  desirable i n  order 
to avoid the immeme amount of computation which would 1w involved 
in the  adoption of a now ellipsoid of reference. 

The dimensions of the earth ne given by these different computations 
are aa follows: 
--... . . .  _. . __ _ _  . - - . ..... ._______ -__. . - . 

0 378 206 6 378 388 3 903.3 
6:3f16'584 0:358'808 3:W.O 

21:O"Z 21:J79 13.35 
1 1 

%7:0 . 

Hayford I I3esqol I CI: 1 Hayford 1 (E Ush 
(motors). (meters). (meters). staxte 

milca).l 

I 1 statuto inilo--5,280 foot, 1,600.347 meters. 

Yayford took into conaideration the theory of i a o s b y  when making 
his determinations of the shape and size of the earth. The theory of 
isosta~y postulates that at and beneath a certain depth below sea level, 
found by investigation to be about 122 kilometera (76 miles), the 
earth's materials are in  equilibrium OS if they were fluid. Therefore, 
in  each column of the fame &OSS ~ection which extends from the depth 
of compensation to the actual surface of the earth, whether land or 
water, there will be the m e  maas or amount of material. I n  other 
words, the materiala i n  any column would weigh as much as the mate- 
nab in any other column, if the weighing were done a t  tho same place. 
(See Gravity.) It b, therefore, mum& that elevated region8 are 
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held up owing to 
columns of which 
the ocean bottoms 

the lesser density of the materials composing the 
they form partrs and conversely the depression of 
is due to an exceea of density i n  the material under 

them. 
The above paragraph atates what the condition would be with 

perfect kcetaq. It is, of coum,  impwaible to have complete bo- 
static adjustment i n  the earth’s material because of mme rigidity and 
viscosity but  the investigations of the Coast and Geodetic S w e y  
funiah conclkve  proof that the imta t ic  condition in  the United 
States approachea very closely to the ideal one. 

The Shape of the earth, but  not ita dimensions, has been determined 
by  the Coast and Geodetic Survey in  recent years from obaervntions 
of the intemity of gravity. In 1912 the flattening of the  earth or ita 
compresaion was determined from 114 gravity stations i n  the Vnited 
States. The value of the flattening wa8 found to be 1/298.4. In  191G 
a second determination of the flattening of the earth was made which 
gave a value of 11297.4. In this determination there were used 348 
gravity Rtations in the United States, Canada, several countries of 
Europe, and India. It is believed that the accuracy of this value 
1/297.4 for the flattening or compression of the earth ia the moat reli- 
able one i n  exiatence. 

I n  the determination of this value of theflattcning, the gravity 
stations were reduced for the effect of the elevation of the station 
above Ben level, the attraction of the earth’s mass above wa level, 
and the deficiency of the denaity i n  the ocean baains. There was 
also taken into account the attractive effect of the deficiency of the 
matter under the continents and the exc& of material under the 
oq?nns. In other words, iaoatmy ww considered i n  making the 
reductions. 

To appreciate correctly the m a l l  amount of flattening a t  the polect 
indicated by the above figures, it should be noted that i f  a globe ap- 
proximately 5 feet i n  diameter were constructed to scale to  represent 
the earth, its equatorial diameter would Le but  one-fifth of a n  inch 
longer than its polar diameter. To the eye unaided by the ub of cali- 

‘pera or other measuring instruments thh globe would appear to be a 
perfect sphere. 

The following brief atatament gives 8ome of the moat important facta 
in regard to one of the arc8 already completed in the United States rind 
for which the  final reports have appeared. This arc crows the coun- 
try along the thirty-ninth parallel from Cape May, h’. J., to Point 
Arena, Calif., and b 2,G25 statuto miles (4,225 kilometers) long. The 10 
baae linea i n  t h b  triangulation have an aggregate length of 534 miles, 
one of them being nearly 11 milee in  length. Many of the trianfile 
sides in the Rocky Mountain region are over 100 miles long, and there 
ie one line 183 miles, over which observations were made i n  both direc- 
tions. Some of the triangulation statiom were more than 14,000 feet 
(4,300 meters) above the sea. Many astronomic observatione were 
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necessary to fix the position of this arc upon the earth and to determine 
the true direction of the linee of the triangulation. The latitude waa 
determined accurately at 109 stations, the longitude at 29, and the a d -  
inrith or true direction a t  73. 

A powerful stimulus to progress i n  geodesy wm given many years 
ago by  the formation of a Geodetic Association i n  Europe, which was 
founded in lsGl and waa made international i n  character in 188G. 
The United S t a h  became a member of this association in 1889. 
Previous to the Great War nearly all the progressive nations were 
members of the aesooiation. General meetings mere held a t  leaat 
once in  three years a t  which geodetic problems were d i e c u d  and 
reports wore made in regard to geodetic operations of the various 
countriee. 

In July, 1919, there waa organized at Brussels, Belgium, by a num- 
ber of the nations which had been at war with the Central Powera 
what is called the International Reearch Council. Under thb 
Council have been created several uNona, one of them being the 
International Geodetic and Geophyeical Union. 01ie of the sectionti 
of this union deab with the subject of g e o d e q  and it will probably 
take over all of the functions of the old International Geodetic A m -  
ciation. 

See ale0 the following publicationa of the U. S. Coast and Geodetic 
Survey: Figure of the Earth and Isostney from Memuremente in the 
United States; supplement to that report; Special Publications Nos. 
10 nnd 12, each of which is entitled, Effect of Topography and Isoetatic 
Compensation ou the Intensity of Gravity; and Special Publication 
No. 40, entitled, Inveetigationa of Gravity and Isostasy. 



ARCHIVES. 

The attention of the technical professions and the public in general 
is called to the large accumulation of original data and information in  
the archivea of the Coast and Geodetic Survey. 

The earliest records on file date back to 1816; while the topographic 
and hydrographic surveys bear the date 1834, magnetic observations 
were made in  the previous year, and tidal work began in 1832. For 
oyer a centriry careful observers have obtained information bearing 
upon the physical conditiop of that portion of the earth conatituting 
the United States and adjacent waters within 20 leaguea of the coast 
and also extending over the Gulf Stream and Gulf of Mexico. This 
area has been extended from time to time and the original data now 
cover Porto Kico, Hawaii, the  Canal Zone, and large portions of Alaska, 
the Philippine Islands, and the Virgin Islands of the United States. 
The records of observations and surveys are systematically arranged 
and carefully preserved and constitute, i n  many cases, the only authen- 
tic record from which natural or artificial changes can be  deduced. 

The information required for general use has been or will be  pub- 
lished in the regular and special publications of the Bureau. These 
are enumerated i n  the Catalogue of Charts, Coast Pilob, and Tide 
TableR, i n  the Lht  of Publicationkof the Department of Commerce 
Available for Distribution, and in the Lb t  and Catalogue of Publications 
of the United States Coast and Geodetic Survey. The last named con- 
tains a complete list of all the publications which the  Bureau has 
issued, most of which are no longer in print, bu t  can be  consulted in 
many of the large libraries. These catalogues will be sent free upon 
request. Much of the information, i n  ib original form, L available 
for special uee and copica of it can be obtained freo or at a nominal coat. 

In connection with other work, surveys of some State and national 
boundaries have been made and the  resulting original records are also 
on file. Many thoueand specimens of the  sea bottom have been col- 
lected aa the  result of deep-sea sounding and are preserved. The 
information on file can be used in  making special studies of changca 
along the coast due to erosion or the improvement of rivers and harbors. 

Besidea publications containing records of observation8 and surveys 
the Bureau has iesued a number of pamphlets of illetructions and tablea 
for use i n  the practical work of surveying and map making, and others 
for popular information concerning the work of the Bureau and ib 
connection with national progreas. The titles are given in the I.ist of 
Publications above referred to. 

In connection with tho archives a working library is maintained 
which contains a very complete collection of reports and publications 
(incluaing foreign publications) on surveying, hydrography, tides and 
currents, navigation, terrestrial magnetism, and geodesy and kindred 
su b jecte. 

A large number of charts and maps form a part of the collection, all 
of which is available for public use. 
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