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FOREWORD 

This publication has been prepared in accordance with a directive from the Central 
Bureau of the International Association of Geodesy. It will be distributed at the Eleventh 
General Assembly of the International Union of Geodesy and Geophysics at Toronto, Canada, 
September 1957. This report contains information descrihing geodetic operations of various 
agencies in the United States for a 3-yenr period from January 1, 1954, to December 31, 1056. 

The format of this publication differs slightly from the previous publications of this 
series. The material has been arranged in five major sections corresponding to the five 
Sections of the International Association of Geodesy. These sections will be separated and 
compiled in individual reports of the five Sections. These section reports will be distributed 
at a later date by the Central Bureau of the International Geodetic Association. 

Since the date of the previous report Mr. Hugh C. Mitchell passed from this life on 
November 20, 1956. He had made outstamling contrihutions to the geodetic literature of the 
United States. Among those who retired from actiYe duty in the Geodesy Division, Coast 
and Geodetic Survey, are Walter D. Sutcliffe, Chief of the Field Records Branch, on October 
31, 1954; Captain Albert J. Hoskinson, Chief, Geodesy Division, on July 1, 1955; and Captain 
P. C. Doran, Chief, Geodesy Division, on February 1, 1956. Captain Doran had succeeded 
Captain Hosldnson as Chief of the Geodesy Division, and upon Captain Dora.n's retirement, 
Captain Charles Pierce was appointed Chief of the Geodesy Division. 
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GEODETIC OPERATIONS IN THE UNITED STATES .AND 
IN OTHER AREAS THROUGH !INTERNATIONAL 
COOPERATION, JANUARY 1, 1954, TO DECEMBER 
31, 1956 

By CHARLES PIERCE, Chief, Geodesy Dwision, United States OoOJJt and Geodetic Survey 

TRIANGULATION 

United States Coast and Geodetic Survey 

Geodetic control surveys form the basic 
framework for all mapping and charting 
activities of the Nation and are also a ba ic 
requirement in the planninlY and develop
ment of natural resources an'a of large engi
neering projects. The horizontal net~,·or~ of 
the country has been developed and is bemg 
extended by triangulation, traverse, and tri
lateration. · Generally1 the density of {)er
manently marked honzontal control points 
is in direct ratio to land values. In metro
politan areas and along interstate highway 
systems, a spacing of 1- or 2-mile intervals 
may be required, and in rural areas of hi~h 
land values n spacing of 3 to 4 miles may be 
desirable. Although wider spacing 1~ay 
suffice for Federal topogTaph1c mappmg, 
closer spacing may be needed for property 
urveys, highway programs, transmission 

lines, reclamation pro1ects, and numerous 
other engineering activities. The more 
closely spaced stations are so situated that 
they are readily available to local engineers. 

During this 3-year period, the basic frame
work of arcs in Alaska was completed and 
considerable progress was made in the -ni ted 
States toward the filling-in of the area net
works within the loops of the first-order arcs. 
Most of the a.rea, nets, which have been com
pleted, are in regions where large-scale m.ap
ping is being carried on by the Geological 
Survey, or special engineering projects of the 
Bureau of Reclamation. pecial high-pre
cision surveys were made at several m~litary 
installations to be used for control m the 
t~ting of various types of e,quipment. 

A special-purpose triangulation project 
was accomplished along the coast of 

Louisiana in cooperation with several oil 
companies engaged in offshore driJ.!ing op
erations. The purpose of the pro3ect was 
two-fold: First, to replace lost triangulation 
stations u.lon~ the coast and second, to locate 
accuratelv the drilling platfonns off the 
coasL This was of considerable interest to 
the oil companies. as the po93ible. loca~ions 
of their wells are tied up w1th leasmg nghts 
and royalties and represent investmen~s 
totaling millions of dollars. Two large tri
angulation parties were engaged for .tho 
project for about 5 months. Portable Bilby 
steel towers up to 90 feet in height were 
erected on a number of offshore platforms. 
The farthest platform located w~ about 28 
miles rrom shore. 

Most of the work completed in Alaska 
consisted of the extension of arcs across the 
Brooks Range, connecting the arcs in the ii:i
terior of Alaska to the arc along the Arctic 
Coast. This work was accomplished during 
the summers of 1954: and 1955. everal L a
plaee nzimuths are needed within this frame
work, but because of the difficulties of 
transportation and the short season for ob
servin O', several seasons will be needed to 
compl~te this phase ?f the work. . 

In this 3-year penod there was an rncreas
ing demand for horizontal control along the 
axis of superhi()'hways. E ven before the 
enactment of th~ Interstate Highway legis
lation some of tho states had requested as
sistance in placing control points al~mg the 
routes of superlugh ways. .Followmg the 
pa sage of the Interstate Highway Bill, sev
eral additional tntes have requested that 
these su1Tevs be made. In some instances, 
these surveys are being made within the area 
networks previously establL hed. but in some 
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cases it is necessary to extend major arcs of 
triangulation between existing arcs. This 
type of work will continue for many years 
inasmuch as there are 40,000 miles of high
ways to be built within this interstate sys
tem, and the specifications for the construc
t1on of the highways are such that surveys 
of geodetic accuracy will be needed. 

The geodimeter was used throughout the 
3-year period for the measurement of base
lines in areas where it was not practical to 
use i1n-ar tapes. A second gcodimeter was 
obtained in 1956 and 1t, too, is being used 
for the same purpose. 'Vlwnernr there is 
an opportunity to compare a geodimetcr 
measurement with a taped measurement, this 
is done. Our experience has shown that the.c:;e 
checks are of the order of 1: 500,000. Late 
in 1956, a Tellurorneter was ordered and it 
will be used for the measurement of baselines 
and traverses. 

The adjustment of horizontal control sur
veys into the Federal net.work l?roceeded 
almost as rapidly as the field work itself was 
completed. The Bureau continued to use 
high-speed computing equipment with most 
of the work beina accomplished on two Type 
604 electronic ca~culators. One of the larg
est adjustments ever undertaken was that 
for the arcs of northern Ala.ska. There were 
over 1,100 points in this net, and b~- the use 
of the method of variation of coordinates 
a nebrnrk of almost 3,400 equations was 
developed. . 

In 1956 an order was placed for a Type . 
650 Magnetic Drum CaJculator. everal 
members o:f the Survev were sent to an IBM 
school for special instruction in the appli
cation of mathematical processes to this mn,
chine and an additional course of instruction 
was given to a larger group of employees 
within the Bureau with special emphasis on 
Bureau problems. A group of programers 
was organized late in 1956 with rnstruct.ions 
to prepare programs for the adjustment of 
triangulation and related problems. 

The Bureau continued its cooperative work 
with the Army Map Service in the adjust
m9nt of surveys in foreign countries. The 
network of triangulation around the eastern 
end of the Mediterranean Sea was adjusted. 
The arcs of triangulation extending south
ward from the United States through .Mexico 
and Central America to South America were 
also adjusted. Assistance was give11 in the 
processing o:f horizontal control data in 
Thailand. This involved the adj ustment of 
the major and minor triangulation networks 
as well as the computation of thou~ands o{ 
miles of traverse. 

United Stoles 

United States Geological Survey 

The Geological Survey, a Bureau of the 
United States Department of the Interior, 
is charged with the responsibility for the 
topographic mapping of the continental 
United States, Alaska, the Hawaiian Islands, 
Puerto Rico, and the Virgin I slands. ' Vl1en 
necessary as a fou~1dation for t~is mappingl 
it conducts geodetic smTeys wluch consist of 
trianfaulation, transit traverse, and leveling. 

Al of these control surveys are tied to 
the basic network of first- and second-order 
control covering the country. The basic net
work is now sufficiently dPilSe that it is sel
dom necessary for the Geological Survey to 
extend surveys of higher than third-order 
accuracy. In addition to providin~ a frame
work of control for the mapping, tl1e control 
surveys of the Geological Sunrey are used 
extensively by other organizations (Federal, 
State, and local ) and by engineers n;nd others 
whe1·ever third-order control satisfies the 
needs of local projects. 

Permanent monuments are established at 
the primary triangulation stations and at 
intervals of from 2 to 3 miles along the lines 
of transit traverse. Positions and elevations 
for these monuments and for other identifi
able intermediate points are published in 
separate lists which cover 15-minute quad
rangles and are available to the public, upon 
request. 

Accomplishments during the period 
coYered by this report include about 5,000 
new third-order triangula,tion stations, about 
100 miles of second-order traverse, and rn,66~ 
miles of third-order transit traverse. 

Resea.rch and development on new ideas 
and techniques, the adoption of improved 
inst rumen ts, and the use of faster transpor
tation have all affected the field operations 
nnd later processina of control surveys. Op
tical-read mg theo~olites were used almost 
exclusively. Helicopters were increasingl~r 
used to transport men and equipment to tl'i
angulation stations in remote areas. This 
greatly expedited progress and, in a few in
stances, enabled triangulators to establish 
stations on j)Oints neYer before visited by 
man. The Tellurometer, an electronic dis
tance-measuring device developed in South 
Africa, is on order and will be tested. High 
hopes are held thaL it will revolutionize con
trol-survey methods and reduce costs. 

Plotting of projection corners and control 
points on tho mapping base sheets by co
ordinatograph plotters has become standard 
practice. Since these plotters require the use 
of g1·id coordinates, it has also become 
standard procedure to convert the geographic 



Coost and Geodetic Survey 

positions of the new horizontal control to 
the State plane coordinate systems. ·with 
respect to transit traverse, this innovation 
has been carried a step farther and the for
mer practice of computing geographic posi
tions abandoned entirely).. in favor of com
putation directly on tltti ;:;tate grid systems. 

A ~ailabilitv of a high-speed electronic 
computer has opened the possibility of a 
feasible and reasonably inexpensive means of 
conYerting the enormous volume of older con
trol stations to State plane coordinates and 
the prnblem of programing t.he computa.
tions is well along. :;\lost of the networks 
of transit traverse were adjusted on the Elec
tronic Survey Net.Adjuster with results iden
tical to those yielded by least squares and at 
considerable, savings in time and man-hours. 

United States Army Map Service 

During the period of this report the Army 
.Map Service measured 13 baselines in 
Thailand. Four were measured between 
F ebruary and 1\Iay 1955, and nine between 
December 1955 ancl ~lay 1956. These were 
all measured by geodimeter with a resulting 
average probable error for the 13 bases of 
1 part in 3,000,000. For further details, 
reference is made to the report submitted by 
the Survey Department of Thailand. 

Three links in geodetic surYeying by 
United States agencies (on the 30th Me
ridian, by the Army Map Sen·ice; from 
Crete to Egypt, by the United States .Air 
Force; the Central and outh American arc, 
by the Inter-American Geodetic Sun·ey, 
adjusted to 1927 ~orth American Datum by 
~\rmy Map Service) provided a system of 
astrogeodetic deflections along a 100° me
ridional arc in either hemisphere. This ma
teria 1 was used for a. ten ta.ti ve determination 
of the size of the earth bv the arc method 
in a study n,t the Army ~fap Service (B. 
Chovitz and I. Fischer, A New Determina
tion of the Figure of thE> Earth from Arcs, 
Transactions, American Geophysical Union. 
Yol. 37. No. 5, October 1956). The results 
deri,·ed for the major semiaxis of the el
lipsoid of reYolution best fitting these arcs 

7 

are: 6,378,240+100 m. for free-air, and 
6,378,285+100 m. with isostatic reductions, 

both for a given flattening of 2: 7±
1 

· A 

mean value of 6,378,270 m. with flattening 

2~7 is named the Hough ellipsoid in honor 

of Floyd 1,Y. Hough who is credited with 
the conception and general direction of this 
project. 

United States Air Force 

The United States Air Force continued 
its successful employmen~ of high-precis~on 
Shoran (HIRAN) techmques for carrymg 
geodetic suneys across very great distances. 
During the summer seasons of 1954, 1955, 
and 1956, the tie connecting North America 
with Europe was completed. This trilater
ation network included the Scotland-Nor
way net (completed during the summer of 
1!>53) anJ extended from that network 
through the Faeroes to the east coast of Ice
land, and from the west coast of Iceland 
to Greenland, across the Greenland Icecap, 
::wd terminated on Baffin I sland 'vith ties to 
Canadian geodetic stations. 

In 1954, n IIIRAN trilateration net con
necting Puerto Ricoi the Lesser Antilles, and 
Trinidad was comp eted. This project, tie
ing into and adjusted with the previously 
completed network from Florida to Puerto 
Rico, connects the triangulation of the 
United States Coast and Geodetic Survey 
in Florida with that of the Inter-.\merican 
Geodetic Su1Tey in Trinidad. 

United States Lake Survey 

The geodetic work of the Lake Survey 
for the calendar years 1954-Hl56 consists of 
approximately 12 miles of second-order 
triangulation and three first-order level 
lines. 

In 1954, second-order triangulation was 
carried along the St. Lawrence River from 
Massena Point to I..ouisville Landing, N. Y., 
establishing the geodetic positions of 14 sta
tions on the North .American 1927 datum. 
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10 United States 

PRECISE LEVELING 

United States Coast and Geodetic Survey 

The total length of lines of level ing in the 
geodetic Jevel net of the United Lutes us 
of December 31, 1953, wns 153,000 miles of 
fir t-order and 247,000 miJes of second-order 
leveling. During the period from January 
1, 1954, to December 31, 105G, the Coast and 
Geodetic Survey undertook leveling alonl? 
12 26 miles of first-order and 5,157 miles of 
se~ond-order lines. The total leveling in the 
net as of D ecember 31, 1056, is 166,000 mile. 
of first-order and 252,000 miles of second
order which total 418,000 miles of first- and 
second-order leveling along which 339.000 
benchmarks ha,•e been Je,·eled o"er. 

The instrument employed by the Coa:-;t 
and Geodetic urvey in le"eling of first
ancl second-order accuracy is the Fischer 
Je,·el (known as the Coast urvey Jeyel), 
equipped with a Je,·el Yial which has tt sensi
ti,rity of 2 seconds of a.re per 2 milli.meters 
graduation. The ]e,•elmg rod consists _of 
an invar strip <Yrnduare<l in centimeters with 
a coefficient of expansion of 0.0000005 to 
0.0000025 per degree centigrade. 

The method o f obsel'\'ing consists of direct 
rod readinll's to the near<'st millimeter for 
three crosst°'lmirs on both the backsig-ht un<l 
foresight, for which a mean is computed to 
four decimal places in mC'ter...;. First-order 
1M·cl lines are run in both directions until 
forwnl'd and backward runnings are ob
tained which agree within the limit of ±.0 
mm.-. K. where K is the length of section in 
kilometers. 'roond-order leveling is run 
with the. sa.mo equipment. in only Oil(' <li1~
t ion with loop closures wit..hin the criterion 
8.4 mm. vK, where K is the distanc<' in kilo
meters around the loop. 

Elerntions of benchmarks in the ~eot.letic 
len•l net nr<' bnsed 011 the "Sea Level Datum 
of !!)29." In 1!>2!.l, a simultaneous adjust
ment of the fi rst-order leveling of Canacla 
nn<l thf> United States was undrrtnkm i11 
which menn sea lrvel wn~ held ut zr1·0 at 26 
tide stations nlo~ the ~\tlantic nn<l Paeific 
Oc<'nn. and the uulf of )foxico. 

First-order lin<'s al'e spaced nt approxi
mat<>lv 100-mile intervals with seconcl-order 
lin<'s "at 2:>-mile intervals. W'ithin tht> 2!l
mi1P loops, "area'' leveling- has hel'n <>~tab· 
lished for nbont 15 percent of the U nited 
.States consisting of seeo1ul-order 1 in es spncecl 

from 5 to 10 miles apart. Releveling has 
been undertaken for practically all of the 
first-order lines established prior to 1Vl6 
which is the date the invar rods came into 
use. 

New leveling is n.djusted to the basic net. 
H owever, where extensive releveling or new 
leveling indicates changes in elovation, it is 
often necessary to readjust portions of the 
basic net. 

Descriptions and eleYations in meters and 
feet are published by lines or areas by a 
photo-lithography process. Publication by 
bulletin form has been discontinued. 

Three main partie- have been le\'eling con
tinuously during this period, one on the east 
<'Oa t., 01i<' in the Centrnl State , and one on 
the west coast. Each of the e field parties 
had two units <luring the winter months and 
usuall y three units <luring- the summer 
montJis. One additional 11mt wns assigned 
to leveling on Long I sland, N. Y., and in 
New Jersey for 5 months during 1956 for the 
purpose of connecting tidal lX-nchmarks to 
the geodet ic Jen•] net. For the 3-year pcno<l, 
there wn:-; n. total of 268 unit-months of 
lernling accomplish<'d. 

I n the Galveston-Houston, Tex., nrea re
lcveling was started in 1V53 and continued in 
19.>± to cletC'rmine the magnitude and extent 
of settl<>nwnt. The mnximum settlement 
measur<>cl was 2. 5 feet at Texas City from 
1936 to lfl5 L Releveling of this net of lines 
is scheduled at 5-yenr intervals, therefore the 
next relev<>ling: will be <luring the winter of 
1958-5!1. 

In the, un Joaquin Valley of California, 
a. rele\'eling- of certain portions has be.en 
S<'hecluled at, 2-year intervals. The maxi
mum rnte o r settlement. is 134 feet per yea1· 
and some area s haYe settlPd a total of 16 feet. 
fn planning releveling in the San .Joaquin 
Ynlley, the geology of the r<'g-ion is studit.'d 
to nsce1tnin where bedrork anchors nre avail
abk Lines are extendecl to provide as many 
anchors in grnnite as possible. 

In tho Santa Clara. Valley, the . 'an .Tose. 
C'alif., H<'t was relenled from April to Jnm' 
J!);H. Th(\ maximum settlement is 7.75 fel't 
from 1912 to 1954 at Jx>nchmark P 7 located 
in The Ifall of Records building at San 
,Jose. A composit.e lithographed list was 
published in 1956 showing elevations result
mg from tht> 16 difl'et·<'nt le\•eli ngs in the 
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Coast and Geodelic Survey 

San Jose area. Very good sttibility has been 
shown on bedrock marks set as an anchor in 
jurnssic ultra.basic intrusives south of San 
Jose, Calif. Of course, it is possible that 
tectonic action such as earthquakes could 
change these anchors but so for there is good 
agreement between levelings from tidal 
benchmarks at the Presidio, San Francisco, 
and these rock marks. 

Over the years, the type of benchmark most 
frequently establi. hed has been the concrete 
post which is about 4 feet in length, about 
a, foot in diameter, and weighing about 60J 
pounds. Since one of t.he very important 
items in leveling is the establishment of 
marks that will remain stable, it was con
sidered advisable to install at 5-mile in
tervals a basic benchmark which consists of 
copper-coated steel rods driven to consider
ab)e depth. 

During 1955 and 1956, each of the level 
parties was supplied with a ~asoline hammer 
for driving these rods which are 1/z inch in 
diameter and 5 feet long. The 5-foot sec
tions are coupled with a brass coupler and the 
rods driven to refusal. After reachin(J' re
fusal the rods are cut off at the ground 1evel 
and a disk compressed to the rod. sually if 
refusal has not been reached at 50 feet, driv
ing is sufficiently difficult to furnish a stable 
mark; howe,1er, some rods have been driven 
to depths of 80 feet. 

Due to changes that are often necessary 
in the elevations of benchmarks, the practice 
of stamping elevations on benchmark di ks 
has been discontinued. A new benchmark 
disk will be used by our level (>arties when 
the supply of the present disks is exhausted. 
The new disk will be the same as that used for 
tidal benchmarks except it will not have 
the ci rcle a.t the center. 

United States Geological Survey 

During the period covered by this report 
the Geological SurYey ran 40,32-1 miles of 

13 

third-order leveling. Permanent marks 
were established at mtervals of from 2 to 3 
miles along the lines of leveling. Elevations 
for these monuments am published in sep
arate lists which cover 15-minute quad
rangles and are available to the pub lic, upon 
request. 

About a third of the leveling was done 
with automatic, pendulum-type levels which 
give satisfactory third-order results while 
mcreasing the rate of progress. :Most of the 
networks of leveling and rnrtical-anglc ele
vations were adjusted on the Electromc ur
vey Net Adjuster,. giving results i?entical 
to least-squares adJustments at considerable 
savings in time and man-hours. 

United States lake Survey 

The Lake Survey ran level lines m the 
following areas. 

In 1954, first-order levels were run a.long 
the St. Lawrence River in ' ' arious sections 
between Ogdensburg, N. Y., and St. Regis, 
Quebec, Canada. The level lines covered 27 
miles and established elevations for 47 
benclunarks. 

In 1955, first-order levels were carried up 
the St. Marys River from Detour to ault 
Ste. Marie, ~Iich., a total distance of 60 miles 
establishing elevations for G9 benchmarks. 
Also, first-order levels were run in various 
sections of t.he St. L awrence River from 
Ogdensburg to .Massena, N. Y. These level 
lines covered 16 miles and established t>leva
tions for 37 benclunarks. 

In 1956, first-ordt>r levels were carried up 
the St. Marys River from Snult Ste. l\Inrie 
to Point Ir0quois, Mich., on Lake Superior, 
a total di tance of 20 miles e tablishing ele
vations fo1· 31 benchmarks. Also first-order 
levels were carl' ied down th<' St. Clair Uirnr 
from Alg-omte. Mich., to Ifarsens I sland in 
the St. Clair Flats, a total distance of 12 
miles, establishing elevations for 22 bench
mnrks. 
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GEODETIC ASTRONOMY 

United States Coast and Ge odetic Survey 

FIELD OBSERVATION S 

Astronomic latitudes and lon~itudes nre 
employed in converting astronomic azimuths 
to geodetic azimuths and in investigating the 
size and shape of the earth. Es~ially, in 
certain applications the characteristics of the 
earth's gravity field are effectively revealed 
by comparison of astronomic and geodetic 
coordinates at. selected points on the earth 's 
surface. Astronomic azimuths are observed 
at regular intervals to control the orientii
tion of triangulation arcs r.nd for certain 
special purposes such as detection of crustnl 
movement in earthquake regions. 

During the period 1954-56 first-order lati
tudes and longitudes were observed at 21> 
stations. These included 5 stations on the 
Alaska. mainland during the summer of 1955, 
7 stations on the 35th parallel geoid p1·ofile 
between the Atlantic coast and the 85th 
meridian, and 17 stations observed in other 
areas of the United States. Fifteen first
order Laplace stations were obsen·ed in the 
United States and Alaska for control of tri
an~ulation and for earthquake investigations. 

vonventional meridian transits of the 
Bamberg and Wild T-4 types are employed 
in first-order position determination. Lati
tudes are based on 15 to 20 Horrebow
Talcott star pairs. Longitudes are ba!<ed on 
5 to 7 sets of about 6 stars each, with ·wwv 
time signals recorded on drum chronographs 
and compared with chronometers at approxi
mate 1-hour intervals. First-order azimuths 
are usually observed with Wild T- 3 theo
dolites in the United States and wiih the 
Wild T-4 in Alaska. Close circumpolar 
stars at any hour a11gle were used exclusively 
in the azimuth observations. 

A considerable number of second-order 
latitncles and longitudes have been observed 
during the past 3 years. These incl11<led 
·a2 stations on the isla.nd arc between Puerto 
Rico and Trinidad, and 34 stations on 1he 
35th parallel between the Atlantic coast and 
the 85th meridian, at an 1iverage stiition 
spacing of 18 miles. Wild T- 3 theodolites 
were employed, observing four east-we.st star 
pairs for longitude, and Polaris with a 
matching south star :for latitude. Personal 
equations for the longitude observations were 
evaluated by reocc11pa,tion of firs t-order 
points at approximate 5-station i11te1Tals. A 

new method of timing has been adopted for 
second-order astronomic position determina
tions whei·eby the observer estimates times 
of star pointings directly from the continuous 
WWV 1-second time signal pulses. Experi
mental observations have shown this method 
to be simpler and more accurate than was 
previously obtainable by the use of an inter
mediate chronometer. Average probable er
rors of about 0.4 second of arc in each com
ponent are obtained with the simplified 
second-or<ler procedure. 

VARIATION OF LATITUDE 

Two of the five northern-hemisphere In
ternational Latitude Service observatories 
have been maintained in continuous opera
tion by the Coast and Geodetic Survey. 
These are located at Gaithersburg, Md., and 
Ukiah, Calif. A new and expanded observ
ing program was adopted bv the IUGG in 
September 1954 at Rome. "The new pro
gram, put into effect in J anuary 1955, in
creases from 4 to 6 hours the nightly observ
ing period and increases from 12 to 18 the 
number of star pairs per night. This per
mits more accurate determination of both the 
day-to-day and secular variations of the 
pole. In view of the expanded program an 
assistant observer was assigned to ea.ch of 
the United States observatories early in 1955. 
Observing records from Gaithersburg a.nd 
Ukiah a.re forwarded to the Central Bureau 
of the International Latitude Service at 
Torino, Italy. 

United States Army Mop Se rvice 

Ten stations in Thailand were occupied, 
between December 1955 and March 1956, by 
an Army Map Service Party for observation 
of latitude, longitude, a.nd azimuth. The 
a ,·erage probable c1Tor9 for the ten station 
are: latitude, +0':07; longitude, +0~'08; 
azimuth, ±0'~23. For further details, ref
erence is made to the report submitted by 
the Suney Department of Thailand. 

During the period December 11>5-I: through 
December 1956 the Army Map Servi ce has 
been cooperating with rnrious other army 
and gornrnltlent 1111its in obtaining Pacific 
I sland positions which are independent of 
the deflection of tho vertical. These posi
tions were obt.nined by occnltat.ion survey 
procedures involving the lunar pamllax. 
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As part of a project designed to deter
mine the positions of Saipan, Guam, Ulithi. 
and Palau in relation to one another, the 
position of Palau with respect to the datum 
of the Philippine triangulation was deter
mined in cooperation with the 30th Et1gineer 
Group (Topo Svy), United tates Coast 
Guard, and the Army Map crvice, Far East. 

Partial measurements have been made on 
se,·eral other island connections both by the 
Army Map ervice in cooperation with the 
30th En~neer Group, and the Army Map 
Service, .l4ar Ea t, in cooperation with the 
29th Engineer Group. 

United States Air Force 

ECLIPSE OBSERVATIONS 

During this period two solar eclitlses were 
observed: The June 1954 total ec ipse and 

United Stoles 

the December 1955 annular eclipse. The 
195! ecli_pse extended from North Central 
"Gnited States, eastern Canada, across the 
Yorth Atlantic to Norway and Sweden, 
across eastern Russia, into Iran and Afghan
istan and was observed at sixteen (16) sit~. 
The December 19.35 eclipse was observed at 
eleven (11) sites from Khartoum in Anglo
Egyptian Sudan to Tainan, l<.,ormosa. The 
data obtained from these two eclipses and 
also the eclipses of 1!>4:7, 1948, and 1052 are 
now in the }>l'Ocess of being reduced at 
Georgetown University. This reduction 
process is long and tedious (to obtain the 
required accuracy even the smallest cotTec
tion must be considered). It is planned to 
use high-speed computers in those phases 
of the reduction prnce s where such com
puters are applicable. lt is expected that 
the data. reduction for the 19-1'7, 19.32, and 
1954 eclip:::e~ will he completed by mid-1957. 
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GRAVITY OBSERVATIONS AND REDUCTIONS 

United States Coast and Geodetic Survey 

All gravimetric observations by the Coast 
and Geodetic Survey during the re(>Orting 
period were accomplished with gra\'1ty me
ters. The operations have consisted mainly 
of area sm·\·eys and development of the na
tional gravity control network, as well as 
some contribution to the international net
work now being developed. 

The recent area surveys have been ex
tended east and north of existing continuou · 
covern"e in the south-central United States 
so as t~ increase the amount of data suitable 
for ~eodetic tudies. These arens included 
the major portion of the State of Georgia, 
and several additional elements centered on 
Iowa and ~1i1mesota. ;\rea surveys are nor
mally based on an average station spacing 
of 6 miles. Using all data now available 
the present continuous coverage provides 
bands several degrees in width extending 
from Mexico nearly to the Canadian bound
ary and from New Mexico eastward to the 
Atlantic coast. 

Free-air and simple Boucruer anomalies 
are determined for area coverage stations, 
employing IBM equipment for computing 
and Ji sting. Isostatic n.nomaJies according to 
the Hayford-Bowie hypothesis are deter
mined for a11 pendulum stations and forcer
tain graYity-meter and sen stations where 
applicable. Tb.rough the cooperation of the 
Heiskanen group at Ohio State University, 
Pratt-Hayford isostatic anomalies for the 
1.200 United States pendulum stations have 
been converted to the Airy-Ueiskanen (30 
km) system. 

I sostatic anomn lies associated with the 
Puerto Rico trench and the adjacent island 
arc arc illustrated in a contour map recently 
compiled. The anomalies were reduced on 
the Prntt-Havford svstem (D=ll3.7 km) 
and are contoured at' a 25-milligal interval. 

Accurncv of the United States gravity con
trol network is grnrlually being improved 
by reoccupation of pendu1um stations estab
lished prior to 1951. Grnvity meter caJibra
tion standards are derived from the ~ravity 
traverse extending from southern Texas to 
the Canadian boundary. The tnn·e1'Se is 
controlled by precise pendulum observations 
at six primary stations. Grnvity at these 

tations has been measured by the Const and 
Geodetic Survey (Brown invar apparatus), 
Dominion Observatory of Canada. (Ca,m
bridge invar apparatus) and the Un1vers1ty 
of Wisconsin (Gulf-'\Vooll:ird quartz ap
parntu ) . The calibration base has been 
effecti \"ely transferred to ~he east coast re
g ion by air-transpo~-t granty-meter connec
tions between '\Vashrngton, D. C., and Grand 
Island Nebr., and between Orlando, Fin., 

l r ~ and Houston, l ex. 
~\s a contribution to the international pro

"rnm for comparison of gravit:f calibra
tion ba es, the Coast and Geodetic Survey 
cooperated with the Geophysical Observa
tory of Trieste, Italy, 111 measuring the 
O'ravity difference between New York and 
Rome by means of three round-trip ship
ment~ of four ' Vorden meters. ·with addi
tion of similar connections later completed 
between Montreal and Genern, and between 
Paris and Gander, oy the Dominion Observa
tory of Canada and the Geophysical Observa
tor~·, n hicrh]y preci~e network is now a vai~
able for comparison of European and Amer1-
ran mines on>/r wide gra\'ity differ~nce_s. 
Following the New York-Rome connect10n rn 
l!);)J, one of the 'Worden meters of the Geo
physica 1 Observatory of Trieste was oper
atPd over the midcontinent gravity base to 
provide n direct comparison between Euro
pean and American standards. Both the 
aboYe modes of calibration comparison indi
C'ate that the European and American bases 
are in substantin l ag:reement. A precise 
O'ravity-meter traverse between the national 
;eferei1ce stations at 'V nshington, D. C., and 
Ottawa, Canada, ha been measured jointly 
with the Dominion Observatory of Canada 
in order to improve this connection and to 
rompnre calihrntion standards of thf' two 
ronntries. 

United States Air Force Field Gravity Program 

In addition to the Eclipse Program and 
the Gravity Reduction Program, the Air 
Force also sponsors a Field Gravity Prog-.ram. 
Thi ;:; Program is directed toward th.e calibra
tion and expanded use of new improved 
"eodetic "ravity meters, and to effect the im
proveme1~t of the operation and standardiza
tion of pendulum gravity measurements. The 
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net result will be the establishment of a 
standard gravity base for the world gravjty 
systems. 

To this goal, a pendulum gravity baseline 
was completed from Alaska to Mexico City 
and a series of circumequatorial pendulum 
gravity bases were established. A baseline 
along the 30th Meridian Triangulation Net
work in Africa was also established. l\Iany 
gravimeter ties bt>tween pendulum bases and 
local gravity surveys were made concurrently. 

In the United "States, only the area, be
tween the Rocky Mountains and the Pacific 
Coast remains before a reference framework 
of gravity control bases will have been 
completed. 

United States Geological Survey 

Regional gravity surveys in parts of the 
western states have been conducted by the 
Geological Survey in co1mection with O'eo
logic investigations. Various areas totaling 
aoout 50,000 square miles have been wholly 
or partly completed in northern Utah, west
er:r:i ' Vashington, southern California, and 
the Colorado Plateau. In this work gravity 
stations were observed at intenals of 1 to 
3 miles alonf roads. and additional detai I 
was obt.ainec to outline significant ~·avity 
anomalies. These data were used pr1marily 
to locate and trace geologic structures and 
obtain information on major structural units. 

Detailed gravity surveys were made in 
Camaguey Province, Cuba, as part of a sys
tematic exploration program conducted by 
the Geological Survey to locate deposits of 
refractory-grade chromite. Approximately 
41,920 gravity stations were established oYer 
20 x 40 and 30 x 60 meter grids in nine areas, 
embracing about 12 square miles in the 
Camaguey chromite district. Gravity meter 
with low scale constants were used in making 
measurements sufficiently accurate to delimit 
anomalies as small as 0.05 milligal. The re-
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sults were used to gnide exploratory dril l in~ 
which found five deposits containing a total 
of about 250,000 long tons of chromite. 

Other Organizations 

Gravity traverses a long level lines 
throughout the United States have been 
established by parties working under Dr. 
G. P. Woollard of the University of Wis
consin. These data are processed to include 
free-air and simple Bouguer anomalies. 
i\fost of the data are now being computed on 
l ll:M punchcards. As a contribution to the 
gravity control, "\i\Toollard has established 
about 150 stations at principal airports dis
tributed around the United Stntes. The 
Woollnrd group has also made some progress 
in regional gravity surveys in Alaska. 

A regional gravity survey of the State of 
Ohio was completed in 1956 by the Ohio 
State University group under Dr. W. A. 
Heiskanen. The survey comprises about 
2,000 evenly spaced gravity stations and is 
contoured at a 5-milligal interval. Free-air, 
Bouguer, and Airy-Heiskanen (T=30 km) 
anomalies have been computed. 

A gravity survey of Puerto Rico has been 
carried out by the Lamont Geological Ob
servatory, Columbia Univer ity. This sur
vey comprise,s 600 stations and is displayed by 
modified Bouguer anomaly contours at a 5-
mill i~al interval. Progress of the submarine 
gravity program of the Lamont Geological 
Observatory was outlined in two recent re
ports (Trans. Amer. Geophys. Union, vol. 
36, No. 2, pp. 326-338, 1955) . This group 
observed a total of 2,057 stations during the 
1947-53 period. Free-air and Bouguer 
anomalies for several of the cruises have been 
compiled. Gravity measurements in the 
Pacific Ocean have also been carried out with 
the Vening-M:einesz apparatus by tht~ group 
under Professor LoUJs Schlieter of the 
University of Cali fornia at Los _\.n geles. 
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GEOID INVESTIGATIONS 

United States Coast and Geodetic Survey 

In cooperation with the United States Air 
Force a study was made of relative geoidal 
undttlations m a rectangular area of about 
200 x 1,100 miles between Cape Canaveral, 
Fla.1 and Puerto Rico. Deflections of the 
vertical were calculated directly by the 
Stokes formula at several hundred points on 
a regular mesh in the area. Probable error 
of the calculated deflections was approxi
mately 3.0 seconds of arc in each component, 
as determined from 78 astrogeodetic test sta
tions. The computed deflections were inte
grated and the geoid height differences ad
JUSted by least squares to produce a geoid 
contour map with a 1-meter interval. An 
interesting feature of this map is the drop 
of about 35 metci·s in the geoid between Cape 
Canaveral and a point about 100 miles north 
of Puerto Rico. Major geoicl height differ
ences are associated with the Puerto Rico 
trench. 

Durina 1956 work was begun on an astro
geodetic profile of the geoid on the 35th par
allel across the United States. tations are 
observed at an average inten-al of 18 miles. 
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By the end of 1956 this chain had progressed 
as far west as Chattanooga, Tenn., a dis
tance of about 600 miles. 

United States Air Force 

During the period 195-1-56, effor ts were 
directed toward the collection and cataloging 
of ~ravity data from sources all over the 
world. Studies of gravity reduction methods 
were made, and the use of high-speed com
puters for gravity calculations was inYesti
gated. Theoretical studies of the earth's 
gravitational field were also made. Tem
plates were designed for convenient compu
tations of the undulations of th~ geoid and 
deflection of the vertical components for dif
ferent Jatitucles at intervals of 5 degree . 

The tangible results of much of the abo,·e 
work has been incorporated in two maps 
which were just recently completed. One 
of these maps shows the free-air gravity 
anomalies in 5° x 5° squares for the entire 
world where gravity daht are available ; the 
other is the corresponding map showing the 
w1dulations of the geoid for the Korthem 
H emisphere. 


