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MAP PROJECTI ONS*

Charles H Deetz
Cartographi c Engi neer, U S.C. &G Survey.

Under the subject, "Thoughts on Map Construction" by Francis
Bacon, we find the follow ng pertinent passage: "A | depends on keep-
ing the eye steadily fixed upon the facts of nature, and so receiving
their images sinply as they are; for CGod forbid that we shoul d give
out a dreamof our own imagination for a pattern of the world."

In viewof the growing interest in maps and charts as brought
about by the interrelation of countries and communities through nore
rapid transportation and various agencies, | shall try to present in
outline sone of the underlying principles of constructive cartography
as supplied by the map projection. The term"map projection" is ap-
plied to that orderly arrangement of reference lines of |atitude and
| ongi tude whi ch constitute the franework of a map. It is inperative
that this franmework should structurally enbody everything that can
in any way assist in bringing the vessel or airplane safely to port,
infacilitating the problens of the engineer, and in depicting accu-
rate information as nearly true to nature as it is possible to make
it.

As a spheroidal surface can not be spread out upon a plane with-
out distortion, any representation of an extensive part of the earth's
surface nust necessarily involve a certain anount of approxination
or conpensation systematically acconplished, or it nust be restricted
to the desired special property that will neet a probl emunder con-
si derati on.

The errors which arise are those of distortion, which inplies
deviation fromright shape in the meridians and parallels, involving
curvature in these reference lines; deformation of angles; changes
of scale, and errors of distances, errors of bearings, and errors
of area.

PRCPERTI ES OF PRQJECTI ONS

The principal properties that govern an orderly arrangenent of
neridians and parallels, and which we aimto obtain w thin reasonabl e
limts at the expense of other properties are:

1. The correct angl es between neridians and parallels and true
shape for restricted areas as found in the conformal projections.
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*A paper read before the Board of Surveys and Maps, March 8, 1932.
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2. Equival ence of area as represented in the equal -area projec-
tions. (If we take a coin, a paper weight, or, if youlike, a snal
irregul ar piece of cardboard and place it upon an equal -area pro-
jection, the sanme piece of paper in any orientation whatever on any
part of the map will always cover the sane anount of area of the
country represent ed).

CQher potential properties of projections are:

1. The representation of the rhunb line as a straight |line, as
in the Mercator projection.

2. The representation of the great circle as a straight line, as
in the Grononi ¢ projection

3. The representation of true azinmuths and di stances froma
given point, as in the azimuthal equidistant projection

O an acconpanying plate is shown an ideal head plotted into a
gl obul ar projection. By plotting the outline of this head into the
correspondi ng graticul es of an orthographi c, stereographic, Mercator,
and a rectangul ar system the properties of the globular projection
are shown in a distorted picture in these other four systens. This
does not inply that the gl obul ar projection has any intrinsic val ue
(in fact it has not), being nothing nore than a geonetrical design
easily constructed. The norrmal head for the Mercator night as well
have been used as a base at the expense of the others. The diagram
nerely illustrates howit is inpossible to hold nore than one or two
desirabl e properties in a given projection

The selection of a projectionis, therefore, the first inportant
step in the conpilation of any map or chart, as the value of the
product to the particular purpose it is designed to serve depends
largely on the projection upon which the chart is constructed.

H STCR CAL

As several projections date back to antiquity, we should at
| east nention H pparchus (ca. B.C. 160-125). MNathenatical carto-
graphy is indebted largely to him He was the founder of scientific
astronony, and he applied astrononic nethods to nark the position of
pl aces upon the earth's surface. He is recorded as having invented
trigononmetry and as havi ng devi sed the stereographic and ot hographic
projections for maps. |In nathenatical cartography he has, therefore,
a direct appeal as being one of the |andnarks of the science and the
one person who gave us the first solution for the devel opnent of the
earth's surface upon a pl ane.

THE MERCATCR PRQIECTI CN

Gerhard Krener, better known by his Latin surname Mercator, was
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born in Flanders in 1512 and was a graduate of the University of
Louvain. Wth an exceptional talent he devoted his life to the bet-
terment of maps, inproving and fornulating new devices in their math-
ematical framework. The first known map bearing his name is a map

of the world in 1538 on an equal -area projection

Anot her world map in 1569, on the projection which is named for
him appeared as an original creation and nade himfanous, trans-
mtting his name to all time. It was the first projection with
straight, equidistant and parallel neridians on which the [atitude
increased proportionally with the longitude. For nautical purposes
this system of projection is now universally enployed and will prob-
ably be so as long as ships fellowthe | oxodrome, i.e., base their
courses on rhunb lines. It may be stated that Mercator's nautica
chart stands alone in map history, isolated fromhis many other
works as a violent departure and inprovenment over methods existing
before his time. In contenporary judgment he was styled as, "In
cosmographi a 1 onge prinus", which translated means: |n cosnography
by far the first. He was the chief of his generation in putting
in order the accumul ating stores of geographic know edge.

It is frequently stated or inplied in treatises on geography
and el sewhere that the Mercator projection is a perspective projec-
tion fromthe center of the spheroid upon a tangent cylinder. It
is not. The Mercator projection demands greater mathematica
respect, and it is better to discard all nmention of its relation to
a cylinder and view it entirely as a conformal projection upon a
pl ane.

It is derived by mat hematical analysis. The distances of the
various parallels depend upon an integral, and the required val ues
are not obtained by any sinple fornula.

MERI TS AND OTHER OBSERVATI ONS ON THE MERCATOR PROJECTI ON

The |oxodrone or rhunb is a line that crosses the successive
meridians at a constant angle. A ship "sailing a rhunb" is, there-
fore, on one course continually following the rhunb line and will,
theoretically at |east, pass all points along that line exactly as
they are charted. The only projection on which such a line is
represented as a straight line is the Mercator. On other projec-
tions a navigator, assunming a straight line as his course, wll not
track the line because he is consciously or unconsciously sailing
a rhunb.

The sinplicity of the projection commends itself -- north and
south are up and down, and a course can be laid off fromstarting
point or fromany meridian along the line, or even fromthe right
or left border except in oblique charts.

Positions are mere readily plotted because the grids are rec-



tangul ar, and a strai ghtedge can be pl aced across the chart between
correspondi ng border divisions. This can not be done with any other
projection in common use. The border scales of the Mercator chart
can be subdivided as mnutely as desirable, leaving the chart free
fromfurther subdivisions which are frequently necessary where one
or both systens of reference |ines are curved.

e of the main differences between the Mercator systemand
that of the polyconic or other conic projections consists in |aying
off courses. In the former systemit is custonary to base the
course upon the neridian of origin; in the other systens, a true
course angle is neasured with the meridi an nearest half way al ong
the course. The two nethods are equal ly good, but they don't begin
the sane way.

The Mercator projection is not intended for geographic studies
but as a conveni ent working base for the navigator to deternmine his
courses. For navigational purposes, particularly ocean navigation
as contrasted wi th coastw se navigation, it has stood the test and
enj oyed the nonentum of success.

Inaddition to its value for nautical charts, it is useful for
showi ng conti nuous comrercial routes around the world, for comuni-
cation charts, and for pilot charts supplying information as to
winds and currents. For the latter purpose it is inportant that
the cardinal directions, north and south, east and west, always
point the sane way respectively, and remain parallel to their cor-
respondi ng borders of the chart. GCharts with cardinal directions
running every way are undesirable, and it can at |east be said, even
for geographi c purposes, that the Mercator projection is free from
di scontinuities, butterflies, and bl ooners, as seen in the framework
of sone world maps.

There is one inportant feature in particul ar, however, in which
the projection does not respond directly, and that is in the plotting
of radio bearings to or froma distant point. As the path of radio
signals is a great circle, it becones necessary to convert true bear-
ings to mercatorial bearings. This nust be acconplished by the use
of conversion tables such as are given in our Coast Pilots. In this
connection, | wishto call attention to a noteworthy publication
whi ch has appeared recently, "Radi obeacons and Radi obeacon Navi ga-
tion," by George R Putnam GComm ssioner of Lighthouses.

The Mercator projection with scale continually increasing, when
ext ended beyond 60° |atitude shows distances and areas seriously
exaggerated and critics invariably cite Geenland and Al aska. The
remark has been nade that it places Al aska too far north. This ob-
servation after all is not so far-fetched when we consider that at
latitude 60°, the scale of the projection is increased 100% and
not only are corresponding areas |arger but distances seemngly in-
creased.



For ordi nary geographi c purposes, the Mercator nautical projec-
tion has no val ue and was not intended to be used as such by the in-
ventor. In the mapping of political divisions and continents, he
held to equal -area representation of his own or his contenporaries.

Let none dare to attribute the shame
C nmisuse of projections to Mercator's nane;
But snother quite, and let infany |ight
Upon those who do ni suse,
Publish or recite.

It is interesting to note that the word "atl as" as used to-day
was borrowed fromthe Geek nythol ogy and introduced by Mercator as
a geographic term

The nost recent and best tables for the construction of a
Mercator projection are issued by the International Hydrographic
Bur eau at Monaco, 1928.

G\NOMON C PRQJECTI ON

Inthis projection the eye of the spectator is supposed to be
situated at the center of the terrestrial sphere, whence, being in
the plane of every great circle, it will see these circles projected
as straight lines upon a plane tangent at a sel ected central point.
It follows then that a straight |ine between any two points on a
gnoroni ¢ chart represents the track line or shortest direct route on
the earth's surface between them

The projection is used chiefly as an adjunct to the Mercator
systemto which the finally selected route can be transferred by cor-
respondi ng graticules of latitude and | ongitude. The great circle
thus transferred becomes a curved line on the Mercator projection
where it may be resolved into convenient sailing chords so that the
port bound for may be reached by the shortest practicable route.

Between a great circle and a rhunb line, the actual difference
is frequently immaterial, being but /4 mle in 500 statute mles
along parallel 40° and dimnishing to zero along the neridian. For
greater lengths the difference increases very rapidly.

The gnononic projection requires a considerabl e amount of com
putation, is difficult to construct, and the scale of distances is
conplicated. |Its chief fault is that localities near the boundary
of the map becorme greatly distorted in distances, areas and shapes.
This is because at 90° fromthe center of the map, the projecting
i ne approaches parallelismto the plane of projection and its inter-
section recedes to infinity. The area which can be mapped on this
projection is less than a heni sphere.

A gnoroni ¢ chart of the United States in a size approxi mating
our Lanbert conformal base map, 26" x 40", would serve as a genera
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control map for nmany purposes and for office use especially. It
woul d be useful in the study of air routes and in the ready sol ution
of problens involving the definite |ocation of the mininmumline be-
tween two distant points on the earth's surface. |In other projec-
tions, the localities through which a great circle passes are a
matter of approxi mati on or conjecture.

Wth future possibilities such as a nore general use of the
gyroscopi ¢ conpass, with radio signals comng fromgreat distances
with clearness and precision so that ships or aircraft may be gui ded
entirely in their voyages by signals emanating fromtheir destina-
tion, with the prospects of a devioneter and other new i nstrunents,
t he gnononi c projection nay cone into nore general use. At the
present time, however, excepting for a small nunber of harbor charts
by the British Admralty, it has hardly been nore than an auxiliary
to the Mercator chart.

PCLYCON C PROJECTI ON

The Pol yconi ¢ projection was devised by Prof. Hassler, the first
Superintendent of the Coast and Geodetic Survey, and possesses great
popul arity on account of mechani cal ease of construction and the
fact that a general table for its use has been cal cul at ed.

In this systemthe reference |ines, excepting the equator and
central meridian, are curved, the parallels being non-concentric
circles. The central nmeridian is truly spaced and the even divi sions
of the parallels are true to scale. The lengths of the arcs of |at-
itude increase as we recede fromthe central neridian, but in the
United States, for a longitudinal extent within 560 statute mles
on either side of a central neridian, the error in scale and areas
does not exceed 1% In latitude, the projection can be carried as
far as may be desired. The use of the projection for extensive
areas should thus be restricted to maps of wide latitudes and narrow
| ongi t udes.

Wthin the linmts described the projection attains an accuracy
that neets all general purposes, by reason of conpronising various
conditions inpossible to be represented on any one map or chart,
and is sufficiently close to other types possessing special proper-
ties to determne its choi ce.

Due to the curvature of its outer neridians, adjoining nmaps
constructed on their own central neridians, wll present curvature
inopposite directions, east and west, thus interfering with a neat
junction when the projection is carried too far.

For a map of the Uhited States with its wide |ongitudinal ex-
tent, the Al bers and Lanbert conformal projections are better suited,
either of themoffering certain additional or special properties of
their own which are only approximated in the pol yconic projection.
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THE NCRTH PAORC REG ONS ON THE MERCATCR AND THE TRANSVERSE PCLYCON C PROJECTI ONS

The rapidly increasing scale of the Mercator projection, reaching 100 per cent increase
in latitude 60° apparentty "puts Alaskatoofar north". In contrast the transverse
polyconic projection shows geographical features more nearly intheir true relative
positions, sizes and shapes.



The errors of the pol yconic projection within the limts de-
scribed are reasonably snall but increase approximately as the square
of the distance fromthe central meridian. W observe in proceedi ng
farther out fromthe central neridian that this increase anounts to
as nmuch as 500 per cent in the outer neridian of a map of the world.
W further observe that the outer neridian in approaching the north
pol e seemingly takes a turn to the southward in reaching it. This
remnds one of the statement once nade by an ex-President of the
United States that a certain locality was west of the north pole.

TRANSVERSE PCLYCON C PRQJIECTI ON

The pol yconi c projection can be transversed in a way to neet a
configuration of predom nating east-and-west dinension. A great
circle at right angles to a central neridian at the mddle part of
the map can be nmade to play the part of the central meridian in the
ordinary pol yconic projection, the poles being transferred (in con-
struction only) to the equator.

Qur map No. 3080 features an area adapted to this transverse
arrangenent. n other maps and charts, this inportant section of the
North Pacific QGcean can not readily be visualized on account of ex-
cessive scal e vari ati ons.

The map is not intended for navigational purposes but is of
great interest froma geographic viewpoint as exhibiting in their
true relations, inportant |ocalities covering a wi de expanse. An
acconpanyi ng pl ate showi ng the North Pacific region on both the
Mer cator and transverse pol yconi ¢ projections explains the reason
for the remark "The Mercator projection puts Alaska too far north."

THE LAVBERT CONFCRVAL GON C PROJECTI ON
AND TEE ALBERS EQUAL AREA PRQIECTI ON

These two projections are somewhat sinmlar in appearance but
different in their properties. Points in common are: Both are conic
proj ections and both have two standard parallels of true scale; the
proj ections being conic, their meridians are straight |ines converg-
ing inthe direction of the pole, and the parallels are concentric
circles intersecting the neridians at right angles. n the selected
paral lels, arcs of longitude are represented in their true | engths,
or to exact scale.

Their differences are: In the former projection the intervals
of the parallels depend upon the condition of conforrmality; in the
latter they depend upon the condition of equal-area.

Definition of confornality: |If at any point the scale al ong the
neridian and the parallel is the same (not necessarily correct, but
the same in both directions) and the meridians and parallels are at
right angles to one another, then the shapes of all elenentary figures



LIMITS OF PROJECTION

LAMBERT'S CONFORMAL CONIC PROJECTION

Diagram illustrating the intersection of a cone and sphere
along the two standard parallels.

Di agram showi ng the standard parallels at 33 and 45 and scale variations for a map of
the United States. It wll be noted that between the standard parallels the scale is slightly
too smal | while outside of these linits the scale is slightly too |arge.

C.&6.S5. 242
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on the map are the same as their correspondi ng areas upon the earth.

In the Lanbert projection the scale is too snmall between the
standard parallels and too |arge beyond them in the Al bers projec-
tion the meridional scale between the standard parallels is too
large and the scale along the parallels correspondingly too small,
the reverse condition existing beyond the standard parallels.

The Lanbert projection was used in France for mlitary maps dur-
ing the Wrld War. Qur map No. 3070, North Atlantic CQcean with
Eastern North America, is constructed on this projection, having been
prepared for the Arny War Col | ege and al so used by the Shipping Board
during the Worl d War.

Former maps and charts of this area showed excessive variations
inscale. O a polyconic projection for the sane limts, the scale
error woul d be about 100% on a Mercator projection the scal e varia-
tions woul d be about 180% On our Lanbert map, the scale shows a
nmaxi numincrease of only 11 per cent, and that occurs in |atitude
70° , an uninportant part of the map. The great central portion of
the map, fromlatitude 30° to latitude 60° shows scal e variations
varying fromzero to 2 per cent.

MER TS CF TI E LAMBERT PRQJECTI ON

In anmap of the Uthited States with standard parallels at 33°
and 45° the greatest change of scale is but 25 per cent. As em
pl oyed by the U S. Ceol ogical Survey for state maps, 1-500,000, the
projection is ideal and shoul d neet engineering, mlitary and geo-
graphic requirenents. It is also enployed in the construction of
ai rway maps by the Coast and Geodetic Survey for the Aeronautics
Branch of the Departnent of Comrerce.

The graphic scale of any state map shoul d be based upon the
local or mddl e latitude scale as given in the tables for different
latitudes. This operation will assist in bringing the excess or re-
duced scale of any state still closer to true scale.

For the neasurenent of distances in all directions within the
United States, the Lanbert projection is superior to any other ex-
cepting only the Al bers projection.

However, by use of a scale factor (ordinarily not necessary),
the Lanbert projection provides for exact scale; and if exact scal e
is not obtained, the reasons for it are due to errors of conpila-
tion, nethod of printing, shrinkage or expansi on of paper in oppos-
ite directions.

In errors of azinmuth as conpared with the Pol yconic, Lanbert
Zenithal, and Albers, it is superior to the others here nentioned.
To obtain any azinmuth on a Mercator projection requires a special
conputation or the use of tables.



W find in projections |ike the Polyconic, the Bonne, and the
Mercator that, after proceeding about 25 degrees fromone of the axes,
the scale errors or scale variations becorme so increasingly greater
that these projections totter and can no |onger be utilized for geo-
graphi ¢ purposes. The Mercator projection is at its best from say,
35 north latitude to 25° south latitude, and for the rhunb |ine
property alone, it may be carried to higher latitudes. The United
States is, then, beyond the zone of useful ness of the Mercator pro-
jection except for the property of the rhunb line, but the rhunb is
retained at the expense of the great circle, directions, and scale
vari ati ons.

For a line fromNew York to San Franci sco, we find the great
circle passing through its extrenities has departed fromthe rhunb
181 mles. H gher-up, before reaching the 49th parallel, the dif-
ference ina 2700-mle line is 240 mles. It is evident, in these
hi gher latitudes especially, that the Mercator chart may require an
auxiliary chart or special conputations for neridional crossings of
the great circle. In many instances it nmay necessitate the conver-
sion of true bearings to nmercatorial bearings.

If radio signals following the great circle can be utilized on
the Lanbert projection, it mght seemthat the Lanbert projection
and the Grononic projection are identical. They are not identical,
but numerous tests show that on the Lanbert, by reason of conditions
i nposed by its standard parallels of true scale, a straight |ine nay
followthe great circle closely, it may cross it and recross it,
never receding fromit excessively. It is sufficiently close to the
great circle to becone directly available for radi o beacon signals.

D stance conparisons, New York to San Franci sco:

New York, (Lat. 40° 45", Long. 73° 59'); San Franci sco,
(Lat. 37° 47', Long. 122° 25').

*True distance New York to San Franci sco, by |long dis-
tance foroula . . . . . . . . . . ¢ .« . .-. 2572.3 statute mles.

Approxi nate distance obtained fromC &G S. Chart No.
3060 (Lanbert projection), applying scale factors . . 2574 statute mi .

s W dmm W e v aams W pmn crEe Akr A o ey, wEWR  mom A= Rmam 4 mme  mes et mme e ren mmm e e , ——

*The final test of measured distances fromany map or chart de-
pends upon the systemof projection, the accuracy of conpilation,
nethod of printing, etc. It nmay be advisable in many instances
where | ong distances are involved not to use the map or chart, nor
even the solution froma spherical triangle. For exanple, the dis-
tance fromNew York to San Franci sco by solving the spherical tri-
angl e, using sphere equivalent in area to spheroid, is 2566 statute
mles - or 6 mles less than the actual distance. For the conputa-
tion of |long di stances, see Special Publication No. 138, pp. 207-8.

s e e i - st T e wm s akmm e e awM. e Cam e Tmare fm e WM bam  coaw e M e moRe e S e dmmi e SR m—— ——
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Rhunb 1ine (or straight line on Mercator chart),
conputed « . . . . .« « » + 2609.3 statute mles.
(The rhunb line is Ionger than the true distance 37.0  ® ")

D stance of straight line (New York to San Franci sco)
bel ow the great circle on the Lanbert projection at a
central neridianisonly « « « - « « . . . «. . 095 statute niles.

D stance of rhunb line below the great circle on the
Mercator projection, at a central neridian, is 181 statute m | es.
This is also the actual distance between themon the earth.

If a straight line be drawn on a Mercator chart and a pl ane
sets a course to followthat line, it will pass over the features
t hrough whose charted positions the line passes. However, the fol-
lowing data, taken froma Lanbert projection covering |atitudes 47°
to 49°, showthe snall armount that a plane woul d depart fromcharted
features. This particular chart was chosen as show ng the nost un-
favorable conditions in both the Lanbert and Mercator projections:

In 100 statute mles (Larrbert pr oj ectlon) the departure is only 1/3 m .
In 200 R " " " . ] 1 1/4 n

As the rhunb line woul d pass directly over the charted features, the
above comparison favors the Mercator projection by the snall amounts
i ndi cat ed.

On the other hand, in a radio range, assumng a line 200 mles
I ong, the Lanbert projection straight line departs fromthe great
circle /3 statute mile - an error quite negligible. 1In contrast,
on the Mercator projection, unless the conversion fromtrue to mer-
catorial bearing is applied, the error is 5.6 miles. A 300 nmles
this becones 12.6 niles and at nuch greater distances, unless con-
versions are applied, these errors of the Mercator becone excessive.

Al indications point to an increase in use of radio ranges to
gui de planes. Wile in general, up to this time, the distances used
have been short, there have been cases, as in that of the Norge in its
flight across the north pole, where radio bearings have been taken
to stations hundreds of mles distant. It is apparent therefore that
the utility of the Mercater projection of forner years is being |es-
sened by nodern safety devi ces.

The question of bearings in northern latitudes, unfavorable to
the Mercator chart, wll not be discussed in this paper.

In connection with nautical charts, Admiral Tonta, of the Inter-
nati onal Hydrographi c Bureau, Monaco, says: "W are convinced that
in very many circunstances, the Lanbert projection can, w th appre-
ci abl e advantage, replace Mercator's projection as a basis for
nauti cal charts."
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LAMBERT CR MERCATCR FOR Al RMY NMAPS.

The question arises in aerial maps whether we prefer a projection
like the Mercator which has a certain special property and conven-
iences and which will permt, if necessary, the incorporation of navi-
gational fundanentals froman auxiliary chart, the Gononic; and,
furthernmore, which will follow the style set by nautical charts; or
whet her we prefer a projection |ike the Lanbert which, besides its
own properties, is not too remote in other requirements, but is suffi-
ciently accurate to be used directly for the receipt of radio signals
emanating fromlong distances; a projection which structurally pro-
vides for the best pattern of the United States that can possibly be
attained, and therefore well adapted for pilotage; a projection which
will facilitate the accurate and i medi ate sol ution of problens of
di stance and direction, and in this respect far superior to the
Mercator; a projection with mninmmscale variations (the Mercator
having an increnent of 40%in the United States at its northern bor-
der, necessitating adjustments to these increnents when nmaki ng com
pilations); a projection which will serve for engineering, tactical
or other wider uses.

The better facilities at this day for deternmining | ocation and
direction, as furnished by radi o beacons, lights, promnent objects,
terrain, etc., bring aerial navigation nethods in the United States
nore and nore into the plane of pilotage than they are over the open
oceans where | andrmarks are sel domavailable and the problemis
largely one of celestial navigation.

The Lanbert's chief point of superiority lies in its peculiar
suitability to all radio navigational nethods - a consideration of
primary inportance since it is evident that radio navigation is
destined to assurme an inportant place, and that other methods will
becone | argely suppl ementary thereto.

Airway maps within the United States present a probl em dis-
tinctly of their own. For these maps, the sufficiently cl ose approx-
inmation to the great circle as supplied by the Lanbert projection,
together with pilotage, outweigh the rhunb l[ine. It nmay be well to
renmenber that the Lanbert projection is based upon two standard
parallels of true scale within our own domain. It is not based upon
a distant equatorial line causing increased scale variations, etc.,
as previously stated.

In this summation | have endeavored to present the salient
features of the Mercator and Lanbert projections, and may even have
enphasi zed too strongly Mercator's masterpi ece. This has been done
that you nay feel that | have acted without discrimnation. In this
final analysis, however, the object has been to showin a few sen-
tences the changed conditions fromthe days of the Portol an charts
to the day of the Lanbert projection, conditions as new as the air-
pl ane itself.
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MERI TS O THE ALBERS EQUAL AREA PROJECTI ON

In the newwall map of the United States constructed by the U
S. Ceological Survey on the Alters projection, scale 1:2,500,000 wth
standard parallels at 29° 30" and 45° 30', the greatest scale error
isbut 1% per cent. It may be noted that the forner wall nap of the
United States on the pol yeonic projection had a nmaxi num scal e error
of 7 per cent.

It is in keeping with the practice foll owed by the best European
atlases that political divisions, continents and hem spheres shoul d
be based upon equal -area representati on, a property which best neets
the probl ens of geography. Were the scale is the sanme, direct com
pari sons for area and distribution becone avail abl e.

If the Lanbert projection as used for states were extended to
a general map of the United States, the scale variation woul d indi-
cate an excess in areas of as nuch as 5 per cent along the southern
border. |If the A bers projection were used for the separate states,
a better area representation woul d have been obtai ned at the expense
of conformality which is a desirable property in engineering proj-
ects. W& nust renmenber that in conformal maps, conditions at any
point on the map are better than in equal -area nmaps, where the scal e,
when one per cent too large in one direction, is one per cent too
small in the direction approxinately at right angles to it, so that
at any point or fromany point, conformality better meets engineer-
ing requirenents. Inunits of the size of states these requirenents
have certain rights and the Lanbert projection serves thembetter.
In the larger general map of the United States, 1:2,500,000, the
requirenents are nostly those of geography, in which mninmmscale
error and equal -area representati on govern.

The Albers projection with its tw standard parallels of true
scale has, in addition, at every point on the map two intersecting
lines or curves of true length scale, equally inclined to the meri -
dian and approximately at right angles to each other. These curves
of true scale are terned isoperinetric curves running at oblique
directions through the map. It is believed that these curves are
sufficiently flat to indicate directions of true scale in such a way
that straight lines which lie approximately northeasterly or north-
westerly, or their opposites, along the path of these curves are
practically true to scale. As far as we know, no diagrammatic study
has been made of this interesting feature. Besides its special
equal -area property, there is in the Albers projection a liberality
of true scale not to be found in other systens.

THE AZI MUTHAL EQU DI STANT PRQJECTI O\

This projection takes its name fromthe fact that straight
lines radiating fromthe center of the nap represent great circles
intheir true azinuths fromit, and the distances al ong these |ines
are true to scale. The projection is neither equal -area nor confornal.
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In recent tines several of these projections have appeared, one
by the General H ectric Conpany with center at Schenectady, N Y.,
and two by the Hydrographic O fice, one of these with the center at
Washi ngton and another with its center at San Francisco. Any im
portant city can well afford to have a map constructed on this pro-
jection for general use.

It is doubtful, however, whether for geographic purposes this
proj ecti on should be used for continents, as its center in nost in-
stances would ordinarily be a point of no cartographic interest,
and the true scaling properties fromsuch a point woul d be obtai ned
at the expense of greater scale errors in other parts of the map.
Miuch is lost and not hing gai ned. The Lanbert azi nmuthal equal -area
is, for geographic purposes, nore desirable in having besides its
speci al property a | esser nmaxi numscal e error, than the equidi stant
proj ection.

WRLD MAPS

Inregard to world maps, it night be stated that none have ap-
peared that are entirely free fromcriticism However, we can
avoi d cartographic crines in unbalanced forns or lack of symetry
suggesting reflections froma conic mrror. Projection |lines should
appear at reasonable intervals. They are the control and key which
tell us that the mathenatical structure is sound. They shoul d be
lightly drawn so as not to detract fromthe general picture, and the
name of the projection should appear on the map as an index to the
purpose it may serve.

A few solutions of the nost difficult problem of delineating
the world in one continuous sheet can be observed by reference to the

fol | owi ng maps:

1. The world in a tripartite arrangenent on a S nusoidal or Mer-
cator Equal - Area projection, prepared by W E. Johnson, formerly of
the U S (Qoast and Geodetic Survey. A series of eight sheets on
this projection is published by the Rand McNal |y Conpany. They are
di stribution maps showi ng: Density of popul ation, races, physical
relief, etc.

2. Dagramfor a map on the Lanbert neridional equal -area pro-
jection of the tangent hem spheres, prepared by the U S. Coast and
Geodetic Survey.

3. The Parabolic Equal -Area projection with the Anericas in the
center, prepared by the U S Coast and Geodetic Survey.

4. The Parabolic Equal - Area projection for Pan- Arerica, prepared
at the U S Coast and Geodetic Survey for the Carnegie Institution,
Department of Ceneti cs.

5. Amap of the world within a cylinder on a Ml | wei de honal o-
graphi c projection as used by the New York Ti nes.
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JEFFERSON DAVI S: AN EARLY FR END O THE COAST SURVEY
H S. Shaw, General Radi o Corporation, Canbridge, Mass.

(M. Shawis also a good friend of the Coast and Geodetic Survey
and is much interested in our work. For ei ghteen nonths he nain-
tained, at his own expense, an automatic tide gauge at Prospect
Har bor, Maine, and presented the records to the Bureau.)

Few of the present personnel of the Bureau probably realize that
Jefferson Davis, best known as President of the Confederate States of
Anerica, took a special interest in the Coast Survey, and for many years
followed its work. This interest on the part of a man of such w de
attainments is worth bringing to your attention. And it was while serv-
ing as Senator fromM ssissippi that he had occasion to prevent a re-
duction in the appropriation for carrying on the work of the Survey.

This friendship on M. Davis' part for the Survey and his concern
in keeping the Bureau up to its high state of efficiency came to ny
attention while | was engaged, as a matter of personal interest, in
recovering sone of the old triangul ation stations in Eastern Mai ne.

I n ascendi ng Lead Mountain (al so called Hunpback) | used a trail

leading to the fire | ookout tower. This trail | |learned was |ocally
known as the "Jeff Davis Road,"” and an old man who forrmerly lived in
the vicinity told me, when | inquired as to the reason for the nane,

that Jefferson Davis had been there surveying for mlitary purposes
before the Gvil War.

As this seened highly inprobable, to say the least, | |ooked into
the matter further and found that M. Davis had actually visited the
nmountai n, but as the guest of Professor Al exander Dal | as Bache, Super -
i ntendent of the Coast Survey from1843 to 1867, when the latter was
occupying triangul ati on station Hunpback in 1858.

In a biography of Jefferson Davis, witten by his wife and pub-
lished in 1890, a chapter is devoted to a sumrer outing for his health,
containing al so a detailed account of atrip to Maine. It was on this
trip that Senator Davis conval esced in Professor Bache's canp on the
top of Hunmpback mountain. The following is quoted fromthe biography:

"As the summer advanced we were invited by Professor Bache to
go into tents with himand his party of triangulati on on Mount
Hurmpback. W travelled by rail to Bangor, and then took stages
to Mount Hunpback, spending a night in an ol d-fashioned i nn on
the road, nuch visited by trout fishers. Here was the first nman
mlliner we had net. He was six feet in height, strong in pro-
portion, and an exquisite seanster, as he proved by making a
delicate 'shirred satin bonnet, At supper we had i mrense di shes
of speckled trout caught by the gentlemen angl ers who were spend-
ing a few weeks there.
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"At day dawn we heard a voice disclaiming, in a nost inpres-
sive tone, apparently to a crowded nmeeting. M. Davis arose
and was seized with such spasnodic attacks of |aughter that |
joined himand | ooked into the barnyard. Cn a snmall cart,
whi ch was standing in the yard, arrayed in a long, figured
calico dressing-gow, stood the deft seanster of the night be-
fore, with a pan of shelled com surrounded by a Bl ock of
chi ckens, turkeys, geese, and ducks, each appl audi ng voci fer -
ously while he addressed themw th a certain kind of el oquence
upon all the topics of the day. As he threw one handful of
corn after another out of them he pleaded, 'Consider, weigh,
and accept these argunents, be just to one another, your |iber-
ties, your lives depend uponit.' Wen ho sawM . Davis' [|augh-
ing face at the wi ndow he nmade a deep bow, and said: 'Fellow
citizens, allowme to present one nore able and nore el oquent
than nyself. Hear ye him' After breakfast we proceeded on
our journey, and the oratory of the merry nount ebank has ever
since remained a cheerful remniscence often recall ed.

"V drove nine mles over anost wonderful natural road called
by the country peopl e 'horseback,' elevated over sixty feet and
sl opi ng steeply down on each side to the valley which it inter-
sected, like a levee built by Titans. Interspersed throughout
the rich valley on either side, in the lush green grass, were
the nost enornous bow ders of granite, many of which | ooked |ike
Egyptian tonbs. As there was no stone of the kind underlying
the soil, Professor Bache thought they had been | eft there by
sone great flood. The apex on which we drove was only about
twenty-five feet wide and nearly uniformthroughout its whole
| engt h, whi ch stretched to the foot of Mount Hunpback. There we
found an ox teamin waiting hitched to a sled, and we were driven
up the side of the nountain, which was so steep that the oxen
seened sonetines to be about to fall back upon us. These were the
first oxen | ever saw goaded, and M. Davis renonstrated many
times against it with the driver.

" a plateau near the top were white tents pitched, one for
each of us, an excellent cook, tenderloin steaks fromBangor,
vegetabl es from the neighboring farns, and to all this confort
was added the newest books, and an exquisite and very |large nusi-
cal box which played 'Ah, che la norte,’ and nmany ot her gens of
the then new operas of Verdi. Professor Bache, who coul d not
sing a tune, kept up a pleased rmurnur of unnusical acconpani ment
as an expression of his delight. He read aloud at night, and a
part of the day we watched hi mtaking observations and enjoyed
his clear explanations of his methods. As the sun went down and
shown upon the heliotropes, one fixed star after another gl eaned
out on the distant hill-tops, and our heliotrope answered back
again to the dunb messages sent by scientists on every hill. The
nost noticeable thing to us, who were used to the insect clamor
or our summrer nights, was the silence on the nountain, and we saw
no evidences of insect |life. The fall of aleaf could be plainly
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heard, and it seened to afford relief to M. Davis' exacerbated
nerves, after the noise and bustle of Washington, to stay inthis
secl uded pl ace where he could be a lotus eater for a while.

"Wen not engaged in watching the survey work, we |ooked for
the nurmerous signs of the glacial period, reasoned and wondered
over them picked up 'ghost flowers' and found exquisite nosses,
sonetimes a foot deep, of velvety green. M. Davis took our
little girl withus on his shoulder, and did all the things so
joyful to towns-people on an outing in the country. So health
came back to his wasted form and his sight inproved daily. After
three happy weeks we returned to Portland, bade our good friends
there farewel |, and went down to Boston."

The "Jeff Davis Road" is therefore the trail sone two and one-hal f
mles long which was built by the Coast survey to give access to Sta-
tion Hunpback. This road was built by Thonmas McDonnel |, "Artificer
in the Coast Survey," as he is called in the original description of
the station, who apparently played an inportant part in the establish-
nent of some of the early stations. It is not surprising it was that
worthwhile to build fairly good roads to these stations, some of which
were occupied for weeks at a tine. The primary triangul ati on of Mi ne,
one of the many areas of control survey laid down during that period,
took about thirteen years to conplete. Usually only one or two pri-
mary stations were occupied in a season. This is certainly in nmarked
contrast to the achievenents of recent years. It nust have been a
real problemto transport the cunbersone instrunents which were used
in those days, sonetimes including, as in this case, a 30-inch theod-
olite. A know edge of some of the difficulties which nen |like Prof-
essor Bache and his associates had to overconme nakes one appreciate
all the nore the precise results which they were able to secure. Ac-
cording to the annual report for 1858, 6 primary points, 8 secondary
points and an azi muth mark were observed upon with the 30-inch theodo-
lite, at "Hunpback," 1,200 observations of horizontal angles having
been nade and recorded. There were 150 nmeasures of vertical angles
with a mcrometer on the theodolite and 350 with an 8-inch vertical cir-
cle. There were al so many astronom cal observations for azimuth, |at-
itude and time, as well as magnetic and meteorol ogi cal observati ons.

The depth of M. Davis' friendship for the Survey and Superi nt en-
dent Bache is attested by the following incident taken fromMs. Davis'
bi ogr aphy:

"M. Seward cane daily until the day M. Davis was taken in a
close carriage up to address the Senate on an appropriation for
the coast survey. M. Seward and | both objected earnestly, but
M. Davis said, 'lIt is for the good of the country, and for ny
boyhood' s friend, Dallas Bache, and | nust go if it kills nme."'

He left ne at the door of the waiting-roomw th beef-tea and wi ne
inalittle basket and went in - carried his point, then came al -
nost fainting hone. Fromthat tine he began to slide back into
his accustoned place for an hour or two each day, and conval es-
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cence had its gentle and perfect work."

M. Davis was a graduate of West Point and during his nine years
of Arny life, probably I earned of the need for accurate surveys; and
whil e Secretary of War-under President Pierce, he directed val uabl e
surveys for arailroad to the Pacific Coast.
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I wish to acknow edge ny indebtedness to Captain Paul C. Witney
for his kindness in partially rewiting this article and putting it in-
to proper formfor publication in this bulletin.
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Fromthe Superintendent of Lighthouses
Sixteenth District

Ket chi kan, Al aska,
January 28, 1932.

Captain R S. Patton,
D rector, Coast and Geodetic Survey,
Washi ngton, D. C

Dear Captain Patton:

I have just finished reading fromcover to cover the Decenber
Bul l etin issued by the Association of Field Engineers, U S. QCoast and
CGeodetic Survey. This nunber |ike those which have preceded it is ex-
ceedingly interesting, especially to one who for sone years during the
i npressionabl e period of his life has participated in the fascinating
work of the Coast and Geodetic Survey and in the varied experiences
whi ch are inseparably associated therewith.

The Bulletin is a credit to all who are concerned in its design
and preparation. It is, without doubt, of great value as well as in-
terest to the personnel of the Coast and Geodetic Survey, but besides
serving well this worthy purpose the various issues contribute material
of considerable value to engineering literature.

| appreciate very much the receipt of this and previous nunbers.
Yours very truly,

(Sgd.). W C Dibrell
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CPERATION  OF TWD SHI PS USI NG THE SAME
PAI R CF HYDRCPHONE STATI ONS

W E. Parker, H &G Engineer, US C &G Survey

The 1950 work on the survey of Georges Bank, when only one vesse
was avail able for use as a hydrophone station ship, showed concl usively
that it is desirable to have two RA R station ships for the rigid
control of sounding lines where there are strong and variable currents
over an area requiring cl ose devel opnent, rather than to depend upon
one RA R distance and otherwi se control the |lines by dead reckoni ng
Radi o bearings were tried in conjunction with RA R distances but
proved unsati sfactory where good control is necessary.

For the 1931 work in continuation of that of 1930, two RA R sta-
tion ships were used for the control of all soundings. This, of course,
increased the unit cost of soundings, and to offset this increased cost,
two soundi ng ships were assigned to the project so as to doubl e the
anmount of sounding work that could be acconplished fromthe pair of sta-
tion ships. Heretofore a sounding ship has had the exclusive use of a
pai r of hydrophone stations, except that in a few instances shi ps work-
ing in adjacent areas may have received bonb returns froma hydrophone
station belonging to the other ship. It was therefore not known whet her
two ships could work of f the sane pair of hydrophones without seriously
interfering with each other.

The experinent was begun in an area of considerable depth with
fairly uniformbottomconfiguration so that sounding |ines need not be
very close - the mninmumline spacing required was one mle and the nax-
imumfour mles. It was agreed between the two soundi ng ships that
each shoul d have the exclusive use of the hydrophone stations for alter-
nate periods of fifteen mnutes, one ship taking the first and third
quarters of every hour and the other the second and fourth quarters.

Thi s arrangerment worked out fairly well in this area so |long as
the station ships could be depended upon to receive and transmt a bonb
record whenever required and the current was not so perplexing as to
require a fix nore often than about every fifteen mnutes. It would
not, of course, work when nore frequent fixes were required. Nor was
it satisfactory if a sounding ship was unable to get bonb returns dur-
ing any of its fifteen-mnute intervals, for in that case the ship was
required to wait fifteen mnutes before trying again. The currents
were sufficiently variable throughout nost this area to require fixes
at intervals of not |onger than 30 and usually nearer to 15 mnutes to
mai ntai n the necessary control over the sounding lines. Cne station
ship occasionally failed to receive or to report several bonbs in suc-
cession and at tines both ships failed on one or nore bonbs. At such
times one or both of the sounding ships were urgently in need of a
bonb return and it was difficult to maintain schedule and not interfere

w th each ot her.
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Various plans nere tried to get around these difficulties. The
time intervals were reduced to ten mnutes and even to five mnutes and
once it was agreed that the ships should bonb alternately without re-
gard to tine schedule. By the latter plan one ship woul d detonate a
bonb and then as soon as the "air was free" the other ship woul d have
a turn regardl ess of whether or not the first ship had succeeded in get-
ting returns fromits bomb. The plan worked fairly well, but was likely
to lead to confusion if the radio operators were not very careful to
determne if the "air was free," that is, if the ship which had | ast
bonbed had finished with the receiving ships, had got bonb returns or
word there would be no returns.

In general, two sounding ships can work conveniently off the same
pai r of hydrophone stations, provided the sounding lines are not diffi-
cult to control and bonmb returns do not fail often. Were there are
strong and variable currents and where a cl ose devel oprment is necessary
(l'ines spaced cl oser than one mle) two ships will experience consider-
able difficulty inusing the same set of hydrophones, and especially so
if bonb failures are frequent.

As there were large areas in the 1931 survey of Georges Bank which
requi red a devel opnent such as results froma |line spacing of one hal f
mle and even of one quarter mle, and since in these areas the cur-
rents were strong and extrenely variable, requiring nuch splitting of
lines to get the prescribed devel opnent, it was necessary to devise
sorme ot her method for operating two soundi ng ships simltaneously. The
fol |l owi ng doubl e sounding unit method was tried and proved so success-
ful that it was used thereafter whenever sounding |ines were spaced
cl oser than one mle.

e ship only controlled its course by RA R fixes and, conse-
quently, was at liberty to detonate a bonb and communi cate with the
station ships whenever desired. This ship operated exactly as if there
were no other ship present, except when turning onto a new soundi ng
line, and except for certain instructions, described |ater, which it
nust give to the other fromtime to time. Wth this freedomof action
the ship could drop bonbs as often as desired, limted only by the tine
required for the conpression waves to reach the hydrophones and for the
necessary radio instructions to the station ships, and so coul d detect
any deviation of the sounding lines intime to correct it, at |east as
readily as in any kind of RA R work.

The other ship followed the bonbing ship, keeping alittle abaft
her beamand at the desired distance, i.e., the line interval or such
di stance as night be necessary to effectively fill a gap between ear-
lier sounding lines. D stance was naintai ned by neans of a range
finder.

For plotting her soundings, a fix was obtained whenever the bonb-
ing ship obtained a fix by taking a conpass bearing and a range fi nder
di stance on the bonbing ship at the instant the bonb was dropped. That
i nstant was known by wat ching the bonber when the ships were very cl ose
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or by listening in on the bonbing ship's radio signal to the station
ships. C course, the follow ng ship could not plot her line of sound-
ings at the tinme, but at convenient intervals her bearings and dis-
tances were radioed to the bonbi ng ship on whose boat sheet the track
of the follow ng ship was plotted. A so any unusually shal |l ow sound-
ing was reported by radio to the bonbing shipwith its estinmated dis-
tance fromthe last fix. Inthis way it was possible to determne if
suf ficient devel opment was bei ng obt ai ned.

To assist the followi ng ship in keeping station, all changes in
course were communi cated by means of flags or radio, usually the forner
unl ess the informati on was too conplicated for rapid transm ssion by
flags. Communication between the sounding ships was the | east satis-
factory part in this system the radio was often too busy w th nessages
to and from the station ships to be able to take on much additiona
work and flag signalling is too slow However, it is hoped that radio
t el ephones, on which the operators are working this winter, wll pro-
vi de a conveni ent nmeans of communi cation between these shi ps.

O conpl etion of a pair of sounding lines the ships maneuver as
follows: To take up return lines parallel to the old and to the |eft,
the right hand ship turns sharply 90 degrees to the left and passes
astern of the other ship, which continues on course a distance equal
to the line spacing. The latter ship then turns 90 degrees to the left
and runs the amount of the line spacing and then turns again 90 degrees
to left and steadies on the new course. The first ship continues on
course a distance equal to three times the line spacing and then turns
to the left onto the new course. Wen this maneuver is executed cor-
rectly the ships will be exactly abeamwhen all turns are nade, and by
noting this fact and by nai ntaining di stance by range finder and wat ch-
ing carefully the log it is possible to start the return lines very
close to the desired positions.

To take up return parallel lines to the right, the maneuvers of the
two ships are exactly reversed. These are the maneuvers nost frequently
made and have been designated "standard turns.” They nay be varied
slightly so as to increase or decrease the |ine spacing by increasing
or decreasing the runs nade by both ships during the maneuver. Just be-
fore reaching the ends of the old lines, the following shipwll be
notified by radio that a "standard turn" will be made to the left or
right, as the case nay be, on the next bonb or on a whistle signal. The
maneuvers wll then be executed wi thout further communication between
the ships. They have been executed at sounding speed and with the ships
as close as a quarter nile without any indication of danger of collision

It is sonmetines necessary to turn onto newlines which can not be
reached by the maneuvers described above, but that happens so infre-
quently that it has not seened advisable to devel op a nethod for such
cases. |If the changes are too conplicated or uncertain for easy ex-
pl anation in advance by radio, the follow ng ship is advised that a
change will be made on a designated signal and requested to drop back
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to the quarter or astern of the bonbing ship and hold that position
until the "bonbing ship has worked into position to start the new | i nes.
She then waits until the follow ng ship can take her position.

Sonme of the advantages of this nethod are:

1. Full use of the hydrophones when it is necessary to get fixes
quite frequently.

2. Pairs of lines at |east which are correctly spaced throughout.

3. Sone check on sounding apparatus since alternate pairs of |ines
are surveyed by different apparat us.

4. Qeater facility for filling gaps between sounding |ines and
for placing a line of soundings as desired, for it is possible to so
regul ate the track of the follow ng ship by causing her to open or close
the distance to the bonbi ng ship that she can be placed where it woul d
be very difficult, if not inpossible, to place the bonbing ship without

many attenpts.
The di sadvantages of the method are:

1. It will not work when fog is so dense that the guiding ship
can not be seen.

2. The officer in charge of the follow ng ship can not plot up his
boat sheet at the tine the soundings are taken, nor does he knowif the
requi red devel opment is being achieved; his job is to followinstruc-
tions.

5. More than ordinary care and judgnent are required in nmaking the
turns when the ships travel close together

It is ny belief that three soundi ng ships could operate together
inthis way with little or no nore difficulty than two. This would in-
crease the output fifty per cent with no additional expenses ot her
than the operating cost of the third surveying ship. This is an inpor-
tant matter since the cost of RAR wth tw station ships is consid-
erable. At the cost of operation of five ships, fifty per cent nore
work can be done than at the cost of four ships.

o )

A\

D agram showi ng
(Fig. 1) howtwo
soundi ng shi ps man-
euver onto return
lines and (Fig. 2)
A how this coul d be
acconpl i shed by
three shi ps.

e e
>

v;f.
Fig. 2

|

!

o

m

,,_l
Bombing Ship
Bombing Ship



-22-

LOCAL NAGNETI C DI STURBANCES

E. W Eckelberg, H &G Engineer, US C &G Survey.

"Wile the instructions for declination observations issued to field
parties require observations only at intervals of several nmles, it is
neverthel ess inportant to devel op any indications of abnormal declina-
tion shown by the conpass declinometer. Simlarly with the declinatoire,
where the instructions call for only one magnetic neridian on each topo-
graphic sheet, it is inportant to nake frequent observations wth that
instrunent in order to discover the presence of |ocal magnetic disturb-
ances. These disturbances often exist where there are no particul ar
surface materials to account for them Any disturbance of inportance
found with the declinatoire should be verified by the conpass decli noreter.

D fferences of one degree are common, and yet may be inportant
when consideration is given to the fact that a ship mght deternine com
pass deviations in that locality. In BehmCanal, S.E A aska, at
Wal kers Cove, the passage is two mles wide, and the declination on op-
posite shores differs by 1° 17'. Chesapeake Bay on the Atlantic Coast
is known to have local attraction of that order, one such pl ace being
in the mai n channel near Cape Henry.

Localities of large disturbance have been found in the inside pas-
sages of Alaska. A local magnetic pole with a dip of 90° was found on
Dougl as |sland, near Gastineau Channel. Lynn Canal was found to have
variations of 3° to 20° fromthe normal values. The southern end of
Keku Straits showed differences of 2°in a distance of one-half nile.

In Port Snettishamoff Sentinel Point a 20° difference was found
in mdchannel in a depth of 112 fathons. This disturbance is felt over
an area of 20 square miles. |In this case a very conplete survey was
made and reported on by Captain N H Heck, Ship EXPLORER in 1931. A
simlar investigation will be nmade this year by the party on the Ship
EXPLORER, of an area in Dixon Entrance off Duke Island. This wll sup-
pl ement a previous survey made by Commander Siens in 1924. The disturb-
ance is somewhat snaller, but extends well out into the shipping | anes.

The Chart Division is now printing isogenic lines in red over the
limts of the disturbed area, and for this purpose needs well devel op-
ed magnetic surveys. In addition to frequent conpass declinoneter ob-
servations on | and, there should be a systemof |lines and cross |ines,
simlar to sounding lines (except that conpass can not be used to steer
by), to determne the extent of the disturbance over the nater. The
deviation is then observed at intervals along these lines and fromthe
known devi ation determned in an undisturbed area the | ocal declinations
can be found. A section of the Port Snettishamchart w th isogonic
lines in the disturbed area is shown on an acconpanyi ng pl at e.

An interesting point brought out in the report of Port Snettisham
is shown on this chart. The broken line is the path which a vessel
woul d take in attenpting the passage on a single conpass course, i.e.,
in fog or darkness and not naking all owance for the local attraction.
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GECLETI C CONTROL FCR NORTH CARCLI NA H GHWAYS,
I TS ADVANTAGES AND | TS PROBABLE EFFECT ON
ENG NEERI NG PRACTI CE | N THE STATE

(George F. Syne, M Am Soc. C E.
Seni or H ghway Engi neer, State H ghway Commssion, Raleigh, N C

(The follow ng paper by M. George F. Synme was delivered on the
afternoon of Jan. 31, 1932, at the nmeeting in New York Gty of
the Surveyi ng and Mappi ng D vision, Am Soc. CE The paper
deal s at sonme length with the proposed triangul ati on and | evel -
ing which will be executed by the Coast and Geodetic Survey in
North Carolina within the next two years. M. Syne was instru-
mental in having his state governnent set aside funds to as-
sist incarrying on the field work in North Carolina. Already
part of the funds in question have been turned over to the
Coast and Geodetic Survey and the rermainder will be forwarded
to this Bureau on or about July 1, 1932. M. Syne was el ected
a menber of the Executive Commttee, Surveying and Mappi ng
Dvision, Am Soc. CE, for the five-year termbegi nning Jan.
1, 1932. An abstract of this paper appeared in the March,
1932, nunber of G vil Engineering.)

At the January, 1930, convention of the North Carolina Society
of Engineers in Raleigh, a paper was presented by the president of
the society calling attention to the urgent need of geodetic control
for all future surveys nade within the state.

Wthout going into detail here, the paper caused an ent husi as-
tic discussion on the floor, and the society unani nously voted to
present a bill to the General Assenbly, meeting in January, 1931,
asking for an appropriation sufficient to secure the inmredi ate com
pletion of the triangulation of the state by the U S Coast and
CGeodetic Survey.

A commttee was appointed to pilot the neasure al ong, and after
a year's study and preparation, it presented the bill to the 1931
Assenbl y.

The nmeasure passed the House, but was killed in the Senate be-
cause of the financial depression.

e of the ablest nmenbers of the legislature, the Honorable E
B. Jeffress, was an enthusiastic proponent of the bill, and for-
tunately for the state, he was appoi nted Chai rman of the State Hi gh-
way Comm ssion after the | egislative adjournnent.

Havi ng assuned his new duties, he was quick to visualize the
possibilities of geodetic control for state hi ghway surveys, and
on Septenber 3, 1931, he brought the matter before the Commi ssion
whi ch unani nousl y aut hori zed the appropriation of funds sufficient
to secure a conplete triangulation of the state.
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Shortly thereafter a contract between the Conm ssion and the
U S Coast and Geodetic Survey was entered into, therein the latter
agreed to performall of the work and to rush it with all possible
speed to a conclusion, and at the sane tine to bear the maj or por-
tion of the expense. The tine required to performthe work was es-
timated at two years. The survey is now under way.

The state will be cut into areas by first order triangulation
arcs at intervals of about 100 mles and these will be cut by second
order arcs so that there wll be no point in the state nore than
about 25 mles fromone of the triangulation stations. Al arcs
Wil be rigidly tied together and adjusted so as to furnish final
geographic positions of great accuracy. Lines of first and second
order levels will be run. Like the triangulation, these wll be
distributed over the state in such a way that no point will be nore
than 35 mles froma bench nmark.

Each triangul ation station will be nmonunmented with the Survey's
standard rmonunent and an azirmuth mark wll be placed w thin 1200
to 1500 feet fromeach station, ready for use by the | ocal surveyor.
In addition, supplenentary triangulation stations will be estab-
lished close to each main highway and each county line crossed by
the triangul ation arcs.

The Survey's standard bench marks will be set at intervals of
about two mles along the lines of levels, and, in addition, at
| east two bench marks will be established in each incorporated city
or town. A bench mark wll also be placed at each inportant rail-
way and hi ghway crossed al ong the routes.

After the work is conpleted and adjusted, the results will be
publ i shed by the Survey in panphlet formfor public use.

It is the intention of the Hghway Conmission to build up a
suppl enrentary system of monurentation which will be tied to the
triangulation net. As many of its surveys as possible will start
fromor be tied to a geodetic station. Such surveys will be nore
accurately made than heretofore and they will be carefully checked
and nonunented so that other surveys may be tied to and based upon
these monunents, and, in turn, becone a part of the state system

The specifications for these surveys have not yet been witten,
but it is certain that work of less accuracy than 1 in 5,000 will
not be incorporated in the system

Thus, in afewyears, nmonunents available for all surveying
purposes will be conveniently |located everywhere in the state.

At first thought it mght seemthat it would require nany
years to conplete this suppl ementary nonunmentation, but the addi-
tional stations which the Coast and Geodetic Survey will place near
each county line and main highway crossed by its triangulation arcs
wll greatly facilitate the rapid consunmati on of this work.
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In addition, the H ghway Conmm ssion may confidently expect sub-
stantial assistance fromnany sources. Qher state departnents,
counties, nunicipalities, corporations, and individuals will nmake
use of the geodetic and supplenentary stations, and nany of their
surveys will be nonurmented with standard suppl enentary nonunents,
thus extending the system Furthernore, nearly all engineers in the
state are intensely interested in the work and their enthusiastic
cooperation will be a great asset.

It is highly probable that the North Carolina Society of Engi-
neers will next sponsor and work for a conpl ete topographical survey
of the state by the U S GCeological Survey, and if its efforts are
successful, the nmonunents of that Survey will of course becone a
val uabl e part of the general nonunentation schene.

Why does the H ghway Comm ssion desire geodetic control for its
surveys? Wat advantages will it derive fromsuch control ? Wat
pronpted it to take this unprecedented action?

The answers to these questions may be inferred fromthe foll ow
ing description of our past methods of surveying and nappi ng hi gh-
ways, which methods | fear are practiced in nany other states to-day.

In building our state highway systemit was necessary to carry
on the work in short, disconnected sections, or projects, of about
5tol12mles in length and to scatter themas uniformy as pos-
sible throughout the state so that all communities could profit
alike fromthe road program The state systemat present consists
of nearly 10,000 mles of roads, which required 11 or 12 years to
construct.

If the average length of the projects was 8 miles, about 1,250
separate final |ocation surveys were nmade, not to mention numerous
prelimnaries, revisions, abandoned | ocations, hundreds of surveys
for bridge sites, and sone 1,250 sets of detailed plans, each set
consisting of from10 to 100 standard sized sheets.

CGenerally, the procedure was to take the nagnetic bearing of
the first course as a base fromwhich all other bearings of that
particul ar survey were conputed, while the levels were started from
a bench mark whose el evati on was assuned. The bench marks were gen-
erally chopped in the root of a tree, or consisted of a spike driven
in a telegraph pole or in sone other perishabl e object.

It is evident, therefore, when two such project surveys neet
from opposite directions that we obtain the absurdities of two dif-
ferent conputed bearings for the sane tangent approaching the point
of junction and two different elevations at that point. Neither of
these elevations has any neaning with reference to el evati ons on our
ot her hi ghways because each is based upon an assurmed datum Further-
nore, unless the alignment is carefully referenced to permanent non-
unents and the bench marks are on permanent objects, it soon becones
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i npossible to accurately reproduce these otherw se whol |y unsati s-
factory surveys. This condition alone has often caused nuch enbar -

rassment and expense.

Blue-prints and field notes of such surveys serve only for con-
struction purposes and in a few years becone al nost entirely worth-
less. Inagine the frightful economc |loss of 10,000 mles of |oca-
tion costing amllion or nore dollars, which, after construction,
are utterly valueless for future accurate usage! It is |like cast-
ing priceless by-products of a great factory into the sea.

Maps of the hi ghway system based upon such surveys can not be
expected to represent anything other than a crude picture. Like-
vise county lines, towns, streans, railways, etc., are only roughly
sketched, and their true positions are unknown. Such maps are de-
voi d of neani ng when the position of any point in the state with
reference to any other point is desired. The bearing and | ength of
a line between such points can only be deternined by an expensive,
ti me-consum ng survey.

When our future surveys have been subjected to horizontal and
vertical control and nmonunentation, each will becorme a part of the
state system It can be easily and correctly reproduced at any
future date and fromit other surveys may spring and becone a part
of the common system Thus in a short while these surveys wl |
forma conposite structure, each in its true position with reference
to the others, and maps of our highway systemw || have a new and
val uabl e neaning. By a very sinple conputation the exact distance
and azimuth of a line between any two points in the state can then
be determined in a fewmnutes, thus giving infornation which m ght
requi re weeks to secure by our present nethods. Bridges may be
identified or located on the map by coordi nates.

Inthe natter of bridge site surveys, vertical control or nean
sea level datumwill greatly facilitate securing streampl an data
and streamprofiles. In streamstudies where this control is |ack-
ing nuch costly field and office work is necessary to obtain data
whi ch ot herwi se woul d have been avail abl e. Backwater conditions
and high water elevations along a streamare easily and accurately
determ ned where all projects are vertically controlled, but require
much tine and present nmany opportunities for m stakes where each
project is based upon a different assuned datum

In maki ng the appropriation for this survey, the Conm ssion con-
sidered only its justification froma strictly hi ghway standpoint,
although it was, of course, cognizant of the trenendous profit that
woul d accrue to other state departnents, counties, nunicipalities,
corporations, and property owners.

The Commi ssion will make use of the triangulation stations and
bench mar ks as soon as possible after each has been established, and
will carefully check and monument its own surveys, but as yet plans
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have not been perfected for the general utilization of the system
by other parties. Such plans will, however, be devel oped and put
into operation before the triangulation is conpl et ed.

Possi bly sonme sort of general mapping agency, arnmed with the
necessary authority but not connected with the H ghway Conm ssi on,
will be set up at Raleigh which will serve as a clearing house to
wite specifications, to collect and preserve all worthwhile sur-
vey data fromall parties who use the system to check all conputa-
tions of such surveys - discarding those which do not neet the
specifications, to map the correct |ocation of county |ines, corners,
streans, railways, etc., as they may fromtine to tine be determned,
to erect nonunents on satisfactory surveys nade by parties who fail
to nmonunment their work, to control all nonunentation, to furnish the
public with any infornmation desired, to keep an accurate, up-to-date
state map and other records showing the positions of all nonuments,
and to performthe many other duties whichw Il develop as the non-
unentation i s expanded.

Since the geographic position of each control station wll be
known, pl ane coordinates will be used in our future surveying and
nmappi ng operations, for their use is both logical and very sinple.
However, the length of the state of North Carolina in an east and
west direction is so great that it probably will be advisable to
have nore than one plane system each being centered upon a control
stati on.

These plane systens are not limted as to their north and
south extent, but they nust be restricted as to their width, east
and west, according to the degree of accuracy required.

The followi ng tabul ati on derived from Speci al Publication No.
71 of the U S. (oast and Geodetic Survey gives the limting widths
of belts for plane systens which may be used under several require-
nments of accuracy - it being understood that the origin of coordi-
nates is to be at a control station at the md point of an east and
west |ine across the belt.

Wdth of belt Error due to use of
innmles pl ane coor di hat es
37.2 1 part in 100, 000
49. 8 1 part in 50,000
80.0 1 part in 20,000
111.8 1 part in 10,000
159. 0 1 part in 5,000

V& thus see that it would be possible to extend the plane co-
ordi nate systemover the entire state of North Carolina with the use
of four different origins and still maintain an accuracy of 1 part
in 5 000. In each of the large cities of the state, where greater
accuracy is desired, it would be necessary to have a | ocal origin.
In sone cases this local origin may coincide with one of the origins
for the state as a whol e.
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In using the plane system whether one or nore belts are em
pl oyed, records shoul d be made showi ng the rel ati on between pl ane
and geogr aphi cal coordinates of certain control stations so that in
the future there nay never be any doubt of the exact |ocation of any
poi nt or corner.

The conpl etion of our fundanental and suppl enentary control sys-
tens and their use by the State H ghway Comm ssion presages the dawn
of a new day for surveying work in North Carolina, and we confident-
Iy predict a far reaching and beneficial effect upon our engineering
thought and education as wel | .

These predictions are based upon the fact that the engineers in
the state, possibly without exception, as well as the H ghway Com
m ssi on, have denmonstrated their recognition of needed i nprovenents
by their whol e-hearted endorsement of our plans for a horizonta
and vertical control system This clearly shows that the tine is at
hand for a general house cleaning in our surveying practice and it
now seens certain that practically all inportant future surveys in
the state will be controll ed.

There seens to be little doubt but that the subject of survey-
ing, despite the fact that it is one of the largest foundation
stones upon whi ch rests the whol e profession of civil engineering,
has been relegated to a neglected corner in the curricul umof some
(I fear many) of our engineering colleges, and this nay, at |east
in part, account for some of the chaotic conditions which we en-
counter daily in the practice of surveying.

Such terns as geodetic control, geographic positions, first
and second order arcs, triangul ation nets, precise |levels, horizon-
tal and vertical control, spherical coordinates, U S Coast and
Geodetic stations, parallels, longitudes and all the rest seemto
stun the average engi neer who has been accustoned to work only a-
| ong the beaten pat h.

This is nmerely because he has not had occasion to think in
these terms, or to work with these tools. dven one day's exper-
ience and he will find themas sinple as the terns he has been ac-
custormed to, and that the nethods to be used in connection with them
are sinpler and much nore |ogical than he ever dreaned of. In fact,
about the only najor differences between the two nethods are that
in one case elevations are based upon an assunmed datum conput ed
beari ngs are based upon a magnetic course, and a protractor is gen-
erally used in plotting the work. In the case of controlled sur-
veys, elevations are based upon nean sea | evel datum true azi nuths
or true bearings are obtained at a control station, and in plotting,
pl ane coordinates referred to the control station are used.

However, in the first case, his survey generally serves only
the one purpose for which it was nade and in a fewyears it is often
| ost beyond hope of recovery. |In the second case the survey is in-
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destructible. If the corners are destroyed they can be easily re-
pl aced and the survey can be utilized for many purposes, like the
by-products of a factory.

The | ocal surveyor need no nore concern hinself with the intri-
cate calculations and delicate instrunent work perforned by the U
S. (Qpast and CGeodetic Survey in preparing the systemfor his use
than a nman driving over a bridge need be concerned with the detailed
conput ations of the engi neer who designed the bridge.

The advantages of the state of controlled surveys are too many
and too obvious to further enunerate here. Suffice it to say that
by neans of the appropriation of an inconsequential sumby an in-
tell ectual H ghway Commi ssion, the state expects to mass within a
fewyears data of unlinmted val ue.

The writer cannot close this paper without acknow edgi ng the
spl endi d cooperation and assistance so cheerfully given by the U S
Coast and Geodetic Survey to the engineers in North Carolina in
their effort to secure geodetic control for the state.

Encouraged by the friendly advice of Captain Patton and Dr.
Bowi e, by constant correspondence with the Bureau, and aided by its
various panphlets and other publications, they finally suceeded
after a series of failures.

They found that this renarkabl e organi zation, recognized a-
round the world as the highest authority in its many lines of scien-
tific endeavor, is here to serve and to hel p and that engi neers who
formcontacts with it may be assured of courteous, friendly and nost
val uabl e assistance in the solution of handling of their problens.

Wiile the North Carolina Society of Engineers conceived the
i dea and sponsored the novenent for controlled surveys, credit for

the final acconplishment belongs to the brilliant Chairman of the
H ghway Commi ssion, the Hon. E. B. Jeffress.
R RN

Wrrk thus far acconplished on the North Carolina project includes
observing of the first order Atlantic Coast arc, reconnai ssance for
the arc closely, followng the 78th meridian and the one along the North
Carolina-Virginia boundary. Reconnai ssance work will be continued to
conpl etion of the program First order leveling has been conpl eted a-
long a line paralleling the coast fromthe Virginia boundary to
WIlmngton, N C Second order levels, 50 nmiles further inland, ex-
tend across the state. To control the survey of the Chovan R ver, the
party on the NATQOVA extended second order triangul ation between the
Atlantic Coast arc and the Virginia-North Carolina boundary arc. It
was found practicable on this work to place stations on mai n hi ghways
and at several county seats. A double first order triangulation party
will start work in the state about Novenber.
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ALUM NUM MOUNTED TCPOERAPH C SHEETS

. Roger C. Rowse, Ship EXPLORER

On July 3, 1931, an al um numnounted sheet, 24" x 30", wth plane-
tabl e board designed especially for use in connectionwith it, was re-
cei ved from the Washi ngton of fi ce, acconpanied by a request for a re-
port on the fitness of the sheet for use in the field.

The area including the upper part of Rudyerd Bay, BehmCanal, S
E. Al aska, was chosen for making the test of the sheet in the field.
The projection was made on July 7, 1931, and verified on July 30, 1931,
no distortion of any sort being discovered after this period of 23 days.
The sheet was used in the field by the topographic party fromAugust
4 to Septenber 26, 1931, under varying weat her conditions, and no evi-
dence of any distortion was discovered during this period. This was
evidenced by the fact that all three of the schemes of planetable tri-
angul ati on checked exactly in direction and di stance between stations
at the extrene heads of the Punchbow , the South Armand the North Arm

In order to test the sheet thoroughly, it was tried out during a
light rainwith fair visibility. A though every precaution was taken
to keep it dry, a fewraindrops inevitably found their way to the sur-
face of the sheet, where they made slight blisters which remained in
a pulpy condition until dry. Wen the metal base of the alidade was
pl aced over such spots after wiping with a dry cloth, stains were
pr oduced which could be renoved only by the | aborious use of a hard
ink eraser. Distortion due to the absorption of noisture was not in
any way evi dent.

As regards conveni ence to the topographer, the use of this sheet
elimnated the use of a chart tube for carrying the field sheet, since
it could be attached to the planetable board during the entire period
of the survey. The glazed surface of the sheet made it necessary to
use a very hard pencil and nore than the ordinary amount of pressure
in order to preserve the pencil lines and prevent themfrom being
rubbed of f by ordinary use of the sheet in the field. This in turn
made it necessary to use a rubber pencil eraser when cleaning the
sheet after inking, instead of the usual art gumeraser.

Wien the sheet was inked it was found that the surface gl aze had
been intensified by the use to which the sheet had been put in the
field, making it difficult for the paper to "take" the ink. An appre-
ciabl e anount of pressure on the pen was necessary in order to accom
plish this end, and consequently a crowquill pen was used on this
sheet where a nunber 170 or 303 is ordinarily used on the standard
type of topographic paper. |In drawing the projection lines it was
necessary, in several places on the sheet, to go over themtwo or
three times before the paper "took" the ink properly.

In summary, the witer is of the opinion that for accuracy and
convenience in the field the al um numnounted sheet is ideal, while
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for inking and cleaning it presents slight difficulties not found in
the Wat nan type of paper.

Il. George A. Nel son, Ship D SCOVERER

The area selected for the field trial conprised the eastern por
tion of the Barren Island group. A survey of the "western islands of
that group was al ready under way on the standard type, cloth nounted
What man' s paper .

di stances were laid
to each ot her.
The fol

For conparative purposes, definite and equal
off on the two sheets, two distances on each sheet nor nal
Measurenents of the distances were taken fromtine to tine.
lowing is a tabulation of the results:

Condi ti ons What man' s d ot h Mount ed Sheet Al uni num Mount ed Sheet

under whi ch East- |% of North- % of East - Nor t h-
used Vst change | South change Vst Sout h

Several days

infield 14, 000 10, 000 14, 000 10, 000

sheet dry m m

Foggy 14, 042 .30 10, 050 .50 No change | No change

sheet danp m .. m

d ear 13,947 |-.38 9, 988 .12 " o

sheet dry m m

d ear 13,885 |-.82 10, 003 .03 o "

sheet dry m m

d oudy, sheet 14,010 | .07 10, 025 .25 " "

slightly danp m m

d ear 13,979 |-.15 10, 006 .06 " o

sheet dry m m

d oudy 14,008 | .06 10, 026 . 26 " "

slightly noi st m m

A glance at the results shows that under conditions that made the

unnount ed sheet distort nearly 1% the al um numnounted sheet distorted
not at all. Wile the weather conditions to which the al um num sheet
was subjected were not as severe as woul d have been desirable, yet it
nmay be safely assuned that distortion on the new type of sheet is zero.
e day's field work was done in which the wind attained a velocity of
35 to 40 niles an hour in the gusts. The unbrella man was used to
hold the tripod | egs to keep the table frombl owing away, but the
sheet itself gave no trouble. C course, work on a Watnman's sheet
woul d have been practically inpossible under like conditions. Trans
porting the sheet safely presented sone difficulties, but a section

of fir three-ply veneer, faced with cloth and backed by |ight canvas,
solved the problemsatisfactorily. The veneer was cut the exact size
of the planetable, the cloth face placed agai nst the sheet, and snap
fasteners on the canvas flaps secured it firmy to the pl anetabl e.

The cloth can easily be renewed if it becomes soiled and the veneer
protects the surface of the sheet fromaccidental injury.
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The sheet was exposed to a drizzle for the better part of an hour,
purposely to test its resistance to water. The water apparently had
no del eterious effect, although while danp or wet it was difficult to
slide the alidade the slight amount necessary for an exact pointing
on a signal.

Thi s di sadvantage is not considered serious.

The field trial brought out the follow ng advantages over the
What man' s paper:

(1) No distortion

(2) Not subject to w nd disturbance.

(3) The harder surface permts greater nicety of detail.
(4) Takes ink nore easily.

D sadvant ages:

(1) Snaller sheet area.

Recomrended | npr ovenent s:

The effective working area of the sheet nmay be sensibly enl arg-
ed by adopting a different type fastener. Instead of the screw type
fastener with its attendant countersunk areas, a flange or channel
clip type of fastening, continuous around the entire sheet, could be
devised. In addition, the present countersunk margin could be reduced
to, say, 1/4 or 3/8 of an inch, the clip fastening fitting fairly
snug agai nst the shoul der. This increase of sheet area, slight as
it is, would tend to elimnate the greatest disadvantage of the sheet.

Al so, the fact that the sheet can be used in awnd too strong to
permt the use of a sunshade woul d suggest the advisability of a
creamor light buff tint to reduce eye strain, unless there are photo-
graphic objections to a tinted sheet.

No opportunity was presented for testing the resistance of the
sheet to a prol onged exposure to danpness, such as it woul d be ex-
posed to by a canp party. This, of course, applies particularly to
Al aska, where the noisture content is always high. [|f water-proof
glue is used in the construction of the sheet, the danger of the bond
failing between the several |ayers is probably not great.

I11. Leroy P. Raynor.

Undoubt edly the metal sheets which, | understand, are being tried
out for use with the planetable will prove nore accurate than the
What man' s paper whi ch has been used in the past. However, | believe
that there are nmany advantages in the use of the paper and that with
the proper precautions, it can be nade to give better results than is
usual ly obtained. There are two things which will help to produce
better results, first, the proper pre-treatnent of the paper, and,
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second, the proper procedure after the paper has been treated.

In the treatnent of the paper, each sheet should be careful ly
seasoned in the climate of the locality where it is to be used, and
for as long a tinme as possible before the projectionis laid on the
paper. The practice of keeping the paper in a large pile will not, to
ny mnd, season any but the top sheet. To effectually season the
paper, each sheet should be hung up or laid out separately so that it
will be conpletely exposed to the air. |In order to hasten the season-
ing, the nethod that was used on the PATTERSCN, under the late J. B.
MIller, appears quite satisfactory. The sheets were hung up in one
of the tents used by the shore party, and for several days they were
given a light sponge bath on the face of the sheet. The sheet was
allowed to dry and then given another bath. Usually the sheet was
hung from opposite ends after alternate baths. If ny nmenory serves
ne right, these sheets distorted very little in the field.

The procedure after the sheets were seasoned was also a help in
producing accurate results. Before the projection was laid on the
sheet, a reconnai ssance was nade of the area to be covered by the sheet
and pole or rock cairn signals erected at points where it was thought
subsidiary control was needed. Then as soon as the projection was nade,
and before there was any liklihood of a change in the sheet, one or
nore triangul ation stations were occupied and orientation |ines were
drawn to the subsidiary stations. These subsidiary stations were then
located by intersection fromother triangulation stations or by re-
section, i.e., by planetable triangulation. The orders fromthe com
mandi ng of ficer, which | think were the crux of the matter, were that
all shoreline should be located from set-ups that were on closed trav-
erses between triangul ation stations or subsidiary stations. No three
point fixes were to be used except for the |ocation of points used only
for the sketching of contours. Wile | realize that one of the advan-
tages of the planetable is the fact that a three point fix can be
graphically obtained in the field, |I do not believe that with the
present paper, such a fix gives an accurate enough determnation, while
a closed traverse run between triangul ation stations is rigid test of
the accuracy of the traverse. |If the closing error is snall, the trav-
erse and shoreline can be accurately adjusted, while if the error is
too large, a blunder is indicated and the line will have to be re-run.
The instructions in 1914 did not provide for triangulation stations to
be spaced as closely as at present, so that the planetable triangul ation
was then necessary. Wien the triangul ation stations are spaced in ac-
cordance with the present instructions, very few stations |ocated by
pl anetabl e triangulation will be necessary, and it is believed that a
traverse as indicated will materially reduce the errors now introduced
by the unequal shrinkage or expansion of the paper sheets.

IV. E. W Eckel berg

"The proof of the pudding is in the eating." Sowth the snall
si ze al um nummount ed topographi ¢ sheet. To one who has tried to read
a rod while the wind was puffing up the old sheet or tried to draw a
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line and found a | ong clanp under the alidade, the new sheet is a real
treat. Also | mght say that in making the projection on the new sheet,
viz., the construction lines, | found no difficulty in naking a strai ght
line pass through three points. That is nore than one can al ways say
about the old sheet, which is in the process of distortion or contor-
tion every tine someone opens the chart room door.

The utility of the snall sheet can readily be seen when given an
area to survey where the hydrography progresses with greater speed than
the topography due to deep water with little necessary devel opnent.
Wrking froma single base a second topographer can be added to the
work, instead of waiting for one man to finish a very lengthy sheet, or
proceedi ng wi t h hydrography in advance of topography, which is not al-
ways satisfactory. By having two topographers the topographic work is
not forced and results are bound to be better, besides enabling the
hydrographic party to work nore efficiently.

Most of the objection in the old sheet is that it is too |long and
has to be rolled and unroll ed too nuch besi des becom ng creased over
the edge of the table, and, if this is done in rainy or even danp
weat her as in Al aska, these creases al nost take a pernanent set.

| believe the new sheet, with its depressed edges and snooth
clear surface, with no obstructions for the alidade to strike, presents
a marked inprovenent and conveni ence over the old type of sheet and
wll result in work of high order of accuracy.

(M - F. S Borden

Three point fixes which, theoretically speaking, mght be entirely
satisfactory are often weakened by the distortion in cloth nmounted
sheets. The nmetal nounted sheet will strengthen all three point fixes,
particularly those inclined to be weak.

When three or nore cuts taken to a hydrographic signal or to sone
definite object fail to intersect in a point on the metal nounted sheet
there can be no "passing the buck" to distortion. Triangles of error
will practically cease to exist. |If they occur the topographer, by
taking an additional cut, can readily locate the trouble; this can not
be said of cloth nounted sheets where so often additional cuts only
add to the conf usion.

A so there can be no alibis for a poor projection. Cftentines
errors of discouraging nagnitude are found in projections when checked
inthe office. Presumably these result fromdistortion. Metal nount-
ed sheets will furnish the incentive for taking nmore care in |aying
down proj ecti ons.

The position of topographic and hydrographi c signals can be scal ed
froma nmetal nounted sheet at any time in the future with exactly the
sane accuracy with which they were plotted. The survey can al ways be
reproduced with the accuracy with which it was made; this is far from
being true when it is nade on a non-rigid sheet.
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THE TRANSFER OF ALASKA TO THE UNI TED STATES

(Copy of aletter dated March 23, 1916, wittento Dr. WIlliam
Bowi e, Chief, Division of Geodesy, by the late Stehnman Forney,
Assistant in the Survey. The letter gives sone of the details
of the transfer of Al aska fromthe Russian Governnent's Conm s-
sioner to Gen. Rousseau, U S Arny, in 1867. Capt. Forney was
then a nenber of the party of the |ate Assistant George Davi dson,
who acconpani ed Gen. Rosseau.)

After a lapse of 49 years, | amremnded of sone interesting events
that transpired on the cruise of the Revenue Cutter "Lincoln" that |
made as an aid in the Coast and Geodetic Survey, when attached to the
party of Professor George Davidson, on the coast of A aska in 1867.

The party was conposed of Assistant George Davi dson, Chief of
Party; Assistant A° T. Mosnman, Astrononer; Aid Stehnan Forney, aid to
Assi stant Mosman; Dr. Kellogg, Botanist; Dr. Harford, Conchol ogi st;
Captain WIliamHoward, senior officer, U S Revenue Cutter Service;
Captain Wite, U S Revenue Qutter Service, commanding the "Lincoln";

a geologist, and a full conplenent of deck officers and steam engi neers.

W sailed fromSan Francisco early in June, 1867, and proceeded
to Sitka, Al aska, by the inside passages, renmaining at Sitka until
after the official transfer of the territory was conpl et ed.

The transfer was nade by Al exa Pestchourof, Russian Conm ssi oner,
to General L. H Rousseau, U S A, who received the new possessi ons on
the part of the United States. The cerenoni es acconpanyi ng the trans-
fer took place in the throne roomof the pal ace or Governor's mansi on
and were historical and interesting. Fromthe throne roomwe adjourn-
ed to the porch of the pal ace, where the cerenony of hauling down the
Russian flag and replacing it with dd Qory occurred. Then General
Rousseau pl aced Brigadi er General Jefferson Davis, U S A, in command
of the Departnent of Al aska.

Sitka at that tine was surrounded by a heavy wooden stockade
twenty feet high, wth a strong heavy gate, |ocked and barred fromthe
inside. Qutside the stockade were encanped about 1500 Chilcat Indians
and ot her tribes who had congregated there fromdifferent parts of the
territory to see and find out what was going on at the Prince' s man-
si on.

After the transfer of the national flags, General Davis happened
to look down in the direction of the Indian village, and saw that the
Russian flag was still flying at their flag pole. He turned to his
chief of staff and said, "Mjor, send a comm ssioned officer with a
guard and the American flag to that canp, haul down the Russian flag
and hoi st the Arerican ensign.”" Qur official interpreter, a Russian
Jew, interrupted and said, "General Davis, excuse ne, but | wishto
say that such a move will be unwi se and dangerous and may cause the
loss of nany lives in the future. May | suggest that you send several
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comm ssioned officers with a guard, have themtake fifty bl ankets and
about five pounds of tobacco, go down there and have an Indian ' pot-
latch' present the chiefs with the "blankets and snoke the pipe of
peace. Then, with your approval, | will go to the canp and give them
a talk and explain the situation to them"

This nethod, after some discussion, was approved by the Depart -
nmental commander and the mlitary party started for the encanprent.
In the mean time, the Indian chiefs had sent word to General Rousseau
that if the Boston nman (the Indian name for American) would treat them
the sane way he had treated the Russian Prince, they would treat with
hi m

Fromour position on the porch of the Governnent house we coul d
| ook over the stockade into the Indian canp. Watching the proceedi ngs
we saw the Indi ans gat her abound the American soldiers and the inter-
preter, sawthe latter gesticulating to themas he spoke. Then we
saw the Russian flag come down and the Arerican flag go up inits
pl ace, amd cheers fromour party on the hill and the Indians in the
canp belowus. Ve also sawthe distribution of arny blankets and the
snoki ng of the pipe of peace by the Anerican officers and the Indian
chi ef s.

This wise treatnent of the Indians no doubt prevented an out break
anong them whi ch woul d have caused the | oss of nmany Anerican |ives.

FromSitka we cruised along the coast of A aska as far north as
Bering Strait, but we could not reach Point Barrow on account of the
ice pack. Fromthere we cruised along the S berian coast, and then
around the Aleutian Islands and back to San Francisco where we ar-
rived in Qctober, 1867. n our cruise we established geographi c pos-
itions of headl ands and prom nent objects on the coast, as well as
nmaki ng a reconnai ssance and exanination of the approaches to the coast.

N A B G B B B B A A N O )
i A T L S T Y N o F #

The following is a copy of a |letter addressed to:

"U S COoast and Coedetic Survey,
21st and Constitution Ave.
Washi ngton, D. C

"Kindly send copy of talk, 'The Qulf Streami by H A Marner over
the air at 3.45 P.M to-day. Ws very much interested but did not get
entire speech. | try to absorb some know edge fromthe radi o each day
and then pass on to ny husband at night. He's so snmart, | have to
work hard and concentrate to keep up with him"

Needl ess to say, copy was pronptly forwarded.
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THECRETI CAL VELOO TY GF SOUND | N SEA WATER
AND I TS PRACTI CAL USE IN R A R HYDROGRAPHY

T. B. Reed, H &G Engineer, US. C &G Survey.

The devel oprent of radi o acoustic ranging for control of hydro-
graphic surveys on the Atlantic Coast brought new problens in deter-
mning the velocity of sound to be used in conputing radi o acoustic
distances. In RAR work on the Pacific Coast acconplished during
the past several years, experinmental velocity determnations were
possible in the imrediate vicinity of the areas surveyed so that re-
sort to theoretical velocity was unnecessary; hence the snall armount
of study that had been done on this subject until it was desired to
use RAR control in areas such as Georges Bank where sinilar ex-
perimental velocity determnations are not possible.

The following article is a resume of conditions encountered and
nmet hods enpl oyed for conputing the velocity of sound by the party
on the US. C. &GS S COCEANCGRAPHER on the survey of Georges Bank,
season of 1931:

Tests made during this season and by previous parties, and data
gathered into a conprehensive report by M. A L. Shalowitz of the
Washi ngton office, were considered to show that the THECRETI CAL
BOTTOM VELQO TY based on tenperature, salinity and pressure woul d
furni sh the best value of the velocity of sound through the water
area surveyed. The acconpanyi ng graphs were conpiled fromthe ob-
servations nmade for such data during the season of 1931. Fromthese
were obt ai ned val ues of velocities used in conputing di stances be-
tween stations in the RAR triangulation schene as well as the
di stance between hydrophone stations and bonbi ng positions when
plotti ng the soundi ngs on the hydrographic sheets of the HYDROGRAPHER
and OCEANCGRAPHER

TEMPERATURE AND SALI NI TY GBSERVATIONS:  For the purpose of estab-
lishing the theoretical bottomvelocity for the various RAR |ines
during the season, all tenperature and salinity observations nmade
by all four ships working on this project were conbined for study.
These consisted of 300 sets of observations of tenperature and salin-
ity taken during the period fromMy 32 to Septenber 21, 1931. The
positions of these tenperature and salinity stations were then
plotted on a sketch of the area, show ng the date of each observa-
tion alongside the station. The stations were found to be well dis-
tributed and of sufficient nunber over the Bank proper to give a
conpr ehensi ve know edge of conditions but were too few in the deeper
water both to the southward and northward of the Bank. The study

of the above data was made with particular reference to the seasonal
change of tenperature in this area.

In order to determne whether tenperature conditions varied in
different sections of the Bank and whet her mean curves drawn through
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all observations of the same depth would be correct for all areas,
four small areas located in various sections of the Bank were sel-
ected for study. Conparison between tenperatures obtained in
these areas and the nmean tenperature of the entire Bank was nmade
by graphs and fromthese conparisons it was determned that the en-
tire area, shoaler than 30 fathons, with the exception of the area
on the extrene north side of the Bank, could be considered as a
whol e and nean curves drawn for both tenperature and velocity. The
water in the area on the north side of the bank, in close proximty
to the deep water of the Gulf of Maine, was found to be considerably
colder in depths of 20 fathons or deeper than over the renmai nder of
t he Bank.

The seasonal change in water tenperature during the period
fromMay 22, 1931, to Septenber 21, 1931, is shown on an acconpany-
ing plate. The graph includes all observations taken and the curves
are the nean of all observations except the | ow tenperatures pre-
viously nentioned on the north side of the Bank. In drawing the
curves it was assumed that the tenperature change was constant over
the remainder of the Bank. It is believed that the m xing of sur-
face and bottomwater caused by the strong currents keeps the tem
perature fairly constant between surface and 20 fathons in this
area. Al observations upon which the 30 and 40 fathomtenperature
curves are based were obtai ned on the south side of the Bank, as
there were insufficient observations in these depths on the north,
or Qulf of Maine, side. It is believed that the effect of the dir-
ection of the current upon subsurface tenperature variation is nmuch
greater on the north slope than in other sections in which hydro-
graphy was done.

It was found that an unusual condition existed in the deep
wat er area extending to the southward - the water in a depth of 40
fathons just south of the Bank being considerably col der than that
in depths of 50 to 200 fathons further south. This warmer water
undoubt edly defines the northern edge of the Qulf Stream

SEASCNAL CHANCGE IN VELOO TY G- SOUND:  Bottomvelocity in neters per
second was conputed for each tenperature and salinity observation
during the season and is shown by curves on an acconpanyi ng graph.
British Admralty Tables, HD. 282, were used for obtaining all
theoretical velocities. This graph al so shows the seasonal change
in surface velocity. This value does not enter into the conputa-
tions but was conputed as a matter of conparison. In general, the
20-fathomcurve is fairly well defined throughout the season. There
is sone question, however, at some places on the 25 and 30-fat hom
curves due to scarcity of, or scattered, observations. The section
of 40-fathomcurve in June is quite well defined. These values are
checked by a bottomvelocity of 1472.5 obtained in 40 fathons off
buoy LOVE on June 25, while naking a velocity test by wire.

The 25, 30 and 40-fathom tenperature curves shown on this graph
are considered as a good average for their respective depths for all
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sections of the Bank except on the north side where, as previously
stated, deep water fromthe Qlf of M ne approaches close to the
Bank. The water bel ow 30 fathons on the north side is considerably
col der, as is shown by the scattered | ow val ues on this graph, which
were all observed in this area.

Possible effect of the direction of the strong current upon tem
peratures was studied with the idea that it mght be the cause of
high or low tenperatures. This was done, after noting conparatively
large variations in observations taken the sane day, to deternine
if the direction of the current mght have sone effect on the tenper-
ature at various tines of the day. It was thought that col der water
m ght be brought down fromthe northward with a northerly current.
However, since there appeared to be no consistency between direction
of the current and high or low tenperature, this effect was consid-
ered to be negligible or of too conplicated a nature to permt of
conputation fromthe data at hand.

*METHOD OF GBTAIN NG VELOO TY FORR A R TR ANGULATI CN LI NES:  Be-
fore assigning a velocity to RAR triangulation lines, the date,
average depth, time of bonbing and pl ace of tenperature observations
inthe same area were carefully studied to obtain the nost probable
value for each line. Wen observations were nade at both ends of the
line near the time of bonbing, the mean of these val ues was used.
Most velocity rates for conputing the lines were taken directly from
the "Seasonal Change in BottomVel ocity" curves, using the date and
average depth along the line. Average depths were considered as

the nean of the depth taken every mle along the |ines as shown on
the boat sheet.

THE DETERM NATI ON OF AVERAGE DEPTH BETWEEN STATI ON SH P AND SOUNDI NG
VESSEL ON HYDROGZRAPH C LINES: The nethod of conputing a bonb vel -
ocity for the average depth traversed by the sound wave was used on
al | hydrographic positions in the sane manner as it was used in com
puting velocities foo RAR triangulation. The average depth, in
fathoms, fromthe station ship to each bonb position was witten in
the bonb records in the velocity of sound col utm above the theoret-
ical bottomvelocity. These average depths are the strai ght nean of
depths taken every mle along the line fromthe bonb position to sta-
tion ship.

The followi ng sinplified nethod was used in obtaining average
depths to all bonb positions: A sheet of tracing paper was |aid
over each boat sheet and on it in different colors corresponding to
the various station buoys were drawn in "Qurves of average depth"

—— e Sams  amm ok ot o e e m——— et b Ce aai e e oA mew b i e ey miim v amw wam il eem  cee gmre e

etc., for all RAR triangulation on Georges Bank is given in
Associ ation of Field Engineers Bulletin, Decenber, 1931.
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fromeach buoy used as a station, covering all the area in which

the buoy was used as RA R control. These "curves of average depth"
can be quickly drawn by using a conbination of slide rule and an

addi ng machine with a subtotal key. A scale of mles to the scal e of
the boat sheet was laid off on the edge of a long strip of adding
machi ne paper and this laid on the traci ng paper with the zero on
the station buoy fromwhich it was desired to draw average depth
curves. ne officer then read off soundings each mle to anot her
operating the addi ng nmachi ne, obtaining frequent subtotals and divid-
ing with a slide rule by the nunber of soundings to obtain "average
depths."” Fromthese depths, points on "average depth" curves at
intervals of 10 fathons or less were interpol ated and marked on the
tracing paper. The mle scale was then rotated about the station
buoy and, in a simlar nmanner, other points were determned through-
out the area so that curves of average depth could be drawn in for
the entire area in which the station buoy was used. It was then a
sinple matter to go over the boat sheet and, by interpolating be-
tween the curves of average depth on the tracing paper, to note in
the bonb record the average depth of each RA R line.

THE DETERM NATI ON CF VELQO TY TO BE USED ON HYDROGRAPH C PCHI Tl ONS:
Velocities for RAR positions, having an average depth of |ess
than thirty or, in sone cases, 35 fathons, were taken directly from
the Seasonal Change in BottomVel ocity Qurves. This includes all
hydr ogr aphi ¢ positions on the Bank out to about the 35-fathom curve.

Due to the unusual tenperature condition existing to the south-
ward of the Bank, a different nmethod was enpl oyed in determning
velocity for the deeper lines to the southward than that for the
deeper lines to the northward.

The met hod of determning velocity for the deeper area to the
southward is shown by the graph and tabl es on an acconpanying pl ate.
Velocities in the tables on this graph were used for reducing all
bonb positions for hydrography in the deeper water to the sout hward.

Due to the snall nunber of tenperature observations taken bel ow
40 fathons and the rather wide variation in those taken, consider-
abl e approxi mati on was necessary in constructing the graphs beyond
40 fathons. It is certain, however, fromthe observations that both
surface and bottomwater are considerably warmer to the sout hward
of the 40-fathomcurve. This is probably due to warmer water al ong
the northern edge of the Qulf Stream

The depth curve on the graph is a general profile of the depth
fromthe line of the station buoys at DOG 2, HAVE and LOVE to the
1200- fat hom curve at the south edge of the sheet. Points on the
tenperature curve and velocity curve are plotted relative to dis-
tances and depths on the depth profile. The velocity curve from 29
to 40 fathons was transferred fromthe Seasonal Change Qurve and a
nmean val ue between June 6 and June 25 (the tine of sounding in this
area) taken to avoid nmaking the conputations too conplicated. The
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velocity curve shows actual and not nean velocity values at all
poi nt s.

The velocity curve bel ow 40 fathons is derived fromthe tem
perature curve at the bottomof the page, using a nmean salinity of
53.5. This bottomtenperature curve is somewhat approxinate, due
to considerable variation in the small anount of data available
and to the fact that nost of the curve bel ow 100 fathons depends
upon one serial tenperature taken by the HYDROGRAPHER in 1090 fat hons
and the serial tenperatures carried back to their respective depths
for constructing the bottomtenperature curve. The sharp upturn
of the velocity curve at about 300 fathons is due to the increasing
plus correction for pressure overcomng the mnus correction for
t enper at ur e.

Poi nts of average depth shown on the bottomvelocity curve
were obtained fromthe "average depth curves" drawn on the tracing
paper over the boat sheet. These points were obtained froma gen-
eral profile extending offshore normal to the line of station buoys.
Wiile not at the sane distance fromthe stations in all directions,
it is believed that the error caused by sone variation of these dis-
tances will be small. This is evidenced by the table of velocities
to Buoys 10G 2, HAVE and LOVE, in which there is a maxi numvari ation
of only 5 nmeters per second.

Mean bottomvelocity tables on this graph are a mean of bottom
velocity values taken every nile along the bottomvelocity curve
fromthe station ships to the correspondi ng average depth point.

For instance, the value of 1477.8 mp.s. fromthe table for an
average depth of 70 fathons is the nean of 46 val ues scal ed each
mle along the curve fromO to 45 mles. The maxi mumaverage depth
conputed was 240 fathons. It is realized that a strai ght average
of a variable quantity such as a velocity, in this manner, is not
mat hermatically correct. However, the error introduced by a straight
average in this case is negligible.

It was at first intended to select sonme arbitrary point such
as the 500-fathom curve to discontinue using bottomvelocity. How
ever, in the absence of rmuch data on this subject and in view of
the fact that the difference in actual distance would be very snall,
regardl ess of which nmethod was used, it was decided for consistency
to carry the bottomvelocity to the end of the |ines.

A simlar velocity graph was made fromdata observed in the
deep water area surveyed on the north side of Georges Bank. This
graph was drawn up to be used in the sane nanner as the graph for
the area south of the Banks.

OONCLUSI ON The wi de range of velocity of sound experienced on
Georges Bank during the past season shows very definitely the im
portance of conprehensive observations of tenperature and salinity
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during the entire season and covering the entire area in which
hydr ography is acconplished. Upon such observations depend prac-
tically the entire accuracy of work such as was done by this ves-
sel during the past season.

The theoretical bottomvelocity change in 108 days on Georges
Bank was 30 nmeters per second, or about eight neters per second per
month. This was due to the rising tenperature during the summer
nmont hs reaching a maxi mumthe first week in Septenber.

Since the length of the buoy schene during the past season de-
pending for control on the velocity of sound was about 70 mil es,
it can easily be seen how a large error mght accumul ate if insuf-
ficient data to establish the correct velocity were not known. In
this connection, | nmght nmention the follow ng, which shows concl us-
ively the need for sufficient tenperature and salinity data:

Referring to the mai n buoy schene between buoys ABLE and CAST
(about 70 mles apart) located by RA R triangulation during the
past season. This chain of RA R triangulation was acconplished
during the latter week in May and the first week in June. The
average velocity of sound used in its conputation was about 1480
nmeters per second, fromtenperature and salinity val ues taken at
that tinme. The distance fromABLE to CAST was rebonbed in two sec-
tions on Septenber 16 and 18, and reconputed using the theoretical
velocity of 1507 neters per second fromtenperature and salinity
observations at that tinme. This distance fromABLE to CAST checked
the forner determnation by about 50 neters, whereas if the same
velocity had been used for these different periods, there would have
been a di screpancy of over 3000 neters in this distance.

The following suggestions are made with regard to the inprove-
ment in accuracy of future work of this kind:

1. Tenperature and salinity observations (bottomat |east) at
both ends of each RA R triangulation |ine should be neasured at,
or near the tine of bonbing. Take the mean of these observati ons,
wi th consideration of course to the average depth over the line, as
the velocity of computing the RAR triangulation |ine. The com
paratively wi de range of tenperatures in the same depth and on the
sane day during the past season has shown this to be necessary.

2. Sufficient observations of tenperature and salinity in deep
wat er areas surveyed should be obtained to allow a conprehensive
know edge of actual conditions without resort to approximation in
conputing velocity for bonb positions. The results of these obser-
vations should be worked up while the field work is in progress to
determne if sufficient data are at hand both for reducing RAR
positions and for reduction of soundings. It is felt that inprove-
nment can be nmade during the next field season in the method of re-
cording and worki ng up these dat a.
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3. More experimental data to determne the path of the sound
wave; while sone factors during the past season checked very cl ose
to the "theorectical bottomvelocity theory", others seemed to in-
dicate a higher velocity. |If possible to establish recoverable sta-
tions, velocity tests between themshould be nade at |east at the
begi nning and end of the season. It is thought that the "piano wre
base test" is capable of greater possibilities for offshore areas,
especially if executed under varying tenperature and depth condi-
tions. The piano wire base test could probably be successfully nade
in deep water by buoying the wire up at short intervals by snall
floats. It is felt that current conditions on Georges Bank present
difficulties which may prevent collection of correct data.

It is ny opinion that a nore definite know edge of the velocity
of sound is the nost inportant problemrenaining to be solved for
RAR work on the Atlantic Coast.

THECRETI CAL VELOO TY GF SOUND DI AGRAMS

O the two followi ng plates are shown diagrans convenient for
determning theoretical velocity of sound in sea water. The first
di agram covers tenperatures fromO to 15° Centigrade; the second
from15° to 30°. The first diagramincludes instructions for their
use.

The diagrans were constructed fromtheoretical velocity val ues
conputed by the use of British Admrality Tables, H D. 282, using a
depth unit of fathons instead of neters. A wvelocity in fathons table
was al so added for use in reducing soundi ngs.

Due to the srmall scale of the diagram snall differences may be
found between val ues fromthe diagramand tables. This should be
negligible, however, if care is used in interpolating between the
curves.

It is thought that these diagrans will prove nore advant ageous
for use in obtaining velocities than the tables in use heretofore.

¥ ok ok ok ok Kk ok X K

Comments on this article by M. A L. Shalowitz, Senior Carto-
graphi ¢ Engi neer, appear elsewhere in this issue of the bulletin.
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A PCSS| BLE CAUSE CF SUBSURFACE EARTHQUAKES

WIliamBowi e, Chief, Dvision of Geodesy
U S. Coast and Geodetic Survey

(This article appeared, under the title "Sur une cause possible
des trenbl enents de terre ne se manifestant pas a |l a surface du
gl obe", inthe February, 1932, issue of the Conptes Rendus of the
Acadeny of Sciences of France)

Since earthquakes are due to the sudden breaking and shifting of
rock, it seens probable that the shrinkage of crustal matter under an
area base | evel ed by erosion may cause earthquakes which | eave no evi-
dence at the surface of their occurrence. There are many earthquakes
whi ch cause no surface novenents that are visible to the eye. No frac-
tures of the surface are noticeable. Such earthquakes, no doubt, occur
at various depths, but whether they occur bel ow the lower limt of the
crust is still an undeci ded question. The isostasist is inclined to the
vi ew that earthquakes do not occur below the crust for the subcrusta
matter must have a | ow degree of viscosity. |If it were otherw se we
could not have the al nost perfect isostatic equilibriumwhich exists.

In any event, the balance is naintained during erosion and there-
fore the segnent of the crust bel ow noves upward as a result of the in-
flux of subcrustal matter to crustal space. Eventually an area becones
base | evel ed. Perhaps as nuch as five mles of erosion may have occur -
red and the crust will have noved upward about four mles. Sometine
after the base leveling the erosion area nay sink as a result of the con-
traction fromloss of heat. The crust having been raised four niles,
the tenperature will be about 200° C higher than the normal. Wth
loss of heat and shrinking the uplifted matter should tend to pull away
fromthe unaffected sides. The contraction tends to be cubical, and,
therefore, there should be subsurface fissures running parallel and
also at angles to the axis of the affected zone.

It is probable that the tenperature of the surface woul d be cl ose
to nornmal because of its exposure to the atnosphere, but any part of
the lower natter will surely have a higher tenperature than what is nor-
mal for the depth. The shrinking will be nmostly cubical with the form
ation of fissures, and with the fissuring there will be earthquakes.

If this process is actually in operation the location of the activ-
ities involved nmust be within the crust, or at depths not greater than
about 60 m | es.

The subsurface fissures may be filled by slunping of surroundi ng
material, the intrusion of matter | ower down which becormes plastic with
the relief of pressure., or by these processes associated with the form
ation of ore bodies and fissure veins.

Such contraction or tension earthquakes nay occur in the late
stages of the erosion of an area or during its sedimentation after the
surface had begun to sink
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THE START OF THE ACOUSTI C WORK CF THE COAST AND (ECDETI C SLRVEY

N. H Heck, H & G Engineer, US. C &G Survey.

Recent nunbers of the Bulletin of the Association of Field Engi-
neers have nmade it clear that acoustic determnation of depth and pos-
ition have becone an essential part of the Bureau's work. The devel op-
ment work is now well organi zed and a considerable part of the person-
nel has know edge of the details. The success of this work warrants
the placing on record of the history of its inauguration, when none of
these favorable conditions existed.

In the early part of 1933 successful use of acoustic nethods in
obt ai ni ng deep soundi ngs through the use of the sonic depth finder by
the Navy Departrent, as well as simlar work by the French and British,
i ndi cated that these nethods mght be adapted to our special problens.
The British had al so been successful in |ocating a vessel by radio
acousti c met hods though without the autonatic return to the vessel of
the radi o signal which has nade our work so effective. Colonel E
Lester Jones, then Director, with the advice of the officers concerned
decided that the Coast and Geodetic Survey should take up this work.
It was felt that the difficulties of |ocation of position off the
Pacific Coast on account of fog nade it desirable that both depth and
position determnation shoul d be devel oped at the same tine.

M/ personal association and ny relation to the work whi ch occa-
sions the witing of this article shoul d be expl ai ned, especially since
at that tine |l was Chief of the Dvision of Terrestrial Magnetism and
continued that duty during ny association with the acoustic work.

There were no personnel famliar with the details of this work, but |
was brought into close contact with several phases of it at New London,
Connecticut, and London, England, while in the Navy during the Wrld
War. | was also personally acquainted with those who had done the
devel oprrent work and their method of attacking the problens. | was
therefore sufficiently famliar with the general problem both fromthe
vi ewpoi nt of the fundanental research and devel oprment and fromthe

vi ewpoi nt of hydrographic work, to be qualified to serve as a kind of
|iaison officer between those doing the devel opment work and the as yet
untrai ned Coast Survey personnel .

It was obvious to me that the radi o acoustic work could not be
carried on along previous lines, that is, by recording at several sta-
tions and then sending the distance by radio fromeach station. Tests
nmade at the Washington office under ny direction indicated that record-
ing aboard ship with the necessary accuracy was possible and the prob-
lemwas outlined with this feature and the automati c sending of radio
signals by the arriving sound wave. The Bureau of Standards was then
consulted, funds were transferred, and the devel opment work was as-
signed to Dr. E A Eckhardt who had previously devel oped radi o | ongi -
tude apparatus for the Bureau. H's principal assistant on the work was
M Kei ser.
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The Ship GU DE, which had recently been put into conm ssion,
based at New London during the prelimnary experimental work. During
the devel opnent period R F. Luce was in command, K T. Adans, execu-
tive officer, and J. H Service, whose previous advanced work in
physi cs proved inval uabl e, was al so assigned to the vessel. In the
radi o acoustic experiments off New London, Colonel R S. Abernethy and
Mjor H C Alen, U S Coast Artillery Corps, gave val uabl e advi ce
and assi st ance.

The prelimnary tests nade steady progress, though beset with
many difficulties, and were conpleted in |ate Novenber. During this
period there were several cruises to obtain practice in the use of the
sonic depth finder. n one occasion a test was nade to find out how
far the bonb signals would carry. It was denonstrated that a signal
could be transmtted and recei ved accurately a distance of 55 miles,
with an average depth of 20 fathons. This success proved sonewhat m s-
leading, since later attenpts to use radi o acoustic methods on the
Atlantic Coast proved that such results are possible only under excep-
tionally favorable conditions. Just before the GQJDE started for the
Paci fic Coast, a denonstration cruise was nmade to prove to (ol onel
Jones and a party of Coast Survey officers and guests, anong whomwas
Captain Bob Bartlett, that the apparatus had passed the prelininary
tests and was ready for test in actual surveying.

There were a nunber of difficulties and annoyances having chiefly
to do with mutual interference in radio transmssion in a regi on where
there were many sources of interference. (On one occasion a test was
started during the broadcasting of a world series game and we were
promptly invited to postpone operations. It should be understood that
control of wave |lengths was not then as rigid as now, and the short
waves were not available so that we were not far fromthe broadcast
and nari ne bands. (n one occasion M. Keiser informed the |istening
nautical world that the ship would "park" in a certain harbor at 5:00

P.M

The GQUDE sailed in | ate Novenber for her field of duty near San
Diego, California, and proceeded via Porto Rco to the Panama Canal
in order to secure a wide range of depths for testing the sonic depth
finder. In the Pacific she followed a prescribed course with rel a-
tion to previous soundings by vessels of the Bureau passing between
the east and west coasts. This particular course followed a series
of deep troughs off the Central Anerican and Mexi can-coasts, a part of
whi ch was previously known as the Acapul co Deep, though depths much
greater than any previously charted were found. The trough was found
to have a nmaxi numdepth at |east twice as great as the depths on
either side. This was later found to be an active earthquake regi on.

The program of the QU DE included the taking of acoustic sound-
ings at the same time as the wire soundi ngs. Tenperatures were ob-
served and water sanples obtained so that shortly after the end of the
cruise salinity deterninations had been nade by the Scripps Institution
at La Jolla, California. The skill of Comrander Luce and hi s conpl e-
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nment was evidenced by the fact that all wire soundi ngs, except those
in regions of very strong currents such as the Qulf Streamand in a
few places in the Pacific, were vertical and that while soundi ngs were
taken in depths up to 4,600 fathonms (Nares Deep) in the Atlantic and
up to 3,500 fathons in the Pacific, no sounding wire or attached ap-
paratus was | ost. Such a record with piano wire is probably without
precedent. n one occasion in the Pacific, wth specially favorable
weat her conditions, and a depth of about two thousand fathons, three
separate sets of thernometers and water specinen cups were attached

at different depths and all were recovered.

As a result of the route selected, the range of depths was ex-
ceptionally great and t he probl emi mredi atel y devel oped as to what
velocity of sound to use. It was evident that any attenpt to use the
sanme value for all soundings, as in previous practice, gave results
considerably at variance with the simultaneous w re soundings. This
constituted a problembetter suited to an office force than to a ship
personnel actively engaged in surveying operations, but since it had
to be solved, M. Service and | gave particular attention to its sol-
ution. It could be accepted that the velocity varied with tenpera-
ture, salinity and pressure, but we had avail abl e none of the funda-
nmental data. The first attenpt was made possible through M. Sercice's
di scovery of the volunes of the results of the CHALLENGER expediti on,
at the University of Porto Rco at Ro Piedras, near San Juan. He
copi ed enough data to show that we were on the right track. However,
the met hod was very cunbersonme and not practical.

On arrival at San D ego consultation with Dr. Geo. F. MEwen of
the Scripps Institution resulted in our securing tables of constants
of sea water prepared by V. Bjerknes under the auspices of the Carnegie
Institution of Washington. W were able to devel op conparatively sim
ple formulas for obtaining the velocity and, by tenporarily ignoring
the adi abatic correction, were able to conpute satisfactory val ues of
the velocity. Later these results were expanded into Special Publica-
tion No. 108, "Velocity of Sound in Sea Water." W adopted the plan
of considering the water in |layers and working out the nean velocity
for each, not rigidly correct but with no inportant error except in
the upper layer. In all the deeper sounding the effect of error in
the upper | ayer was not serious. The values in Special Publication No.
108 do not differ naterially fromthose given in British Admralty
Tables HD 282, although the latter are better suited for shoal water
work and for conputing horizontal velocities. Wth regard to the cruise
of the GU DE, the conparison of the wire and acoustic soundings wth
velocity of sound val ues conputed as has been described showed an aver-
age agreenent within one per cent, all that could be expected

On a special survey off the California coast, a special effort
was nmade to obtain the highest accuracy in the acoustic deterninations
and in the soundings at depths of 600to 800 fathons, and it was denon-
strated that the acoustic nethod had the possibilities required in
shoal water work. However, it was found that the sonic depth finder
as designed at that time was not suited to shoal water. It should be
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recogni zed that it was work of this type which laid the foundation for
the later successful use of the fathoneter

O arrival at San D ego work started on the radio acoustic rang-
ing apparatus and installations were made at Cceanside and at La Jol | a,
the latter stations being peculiarly suited to devel opment of the work
through the courtesies afforded by Dr. T. Wayl and Vaughan, Director of
the Scripps Institution, on whose pier the station was placed. Val-
uabl e experience was obtai ned, numerous difficulties were solved and
the technique was gradual |y worked out. The surveying work was con-
tinuous, but only a portion of the position |ocation was by radio
acoustic ranging. QGeat difficulty was found in securing proper det-
onation of the bonbs, and for this reason sone studies of sound trans-
m ssi on which were intended had to be deferred to a |later date. An
interesting use was nade of one of the shore stations. The inshore
work of the ship had caught up with the triangulation so that on one
afternoon, the results of the day's work of the shore triangul ation
party was sent off by radio tel ephone, conputed, and used the next day
by the ship.

By April, after avisit of inspection by Captain W E. Parker,
Chi ef of the D vision of Hydrography and Topography, it was agreed that
the prelimnary stages were over and that there were no fundanental
difficulties in the way of successful use and that the foundation had
been laid. | therefore returned to ny duties in VWashi ngton, thereby
conpl eti ng an experi ence of unusual interest.

The conpl enment of the QU DE dermonstrated that the transition to
the new formof hydrographi c work could be nmade without fundanenta
changes in the personnel, though the need for devel opnent work by spec-
ialists had becone evident. | find it difficult to single out the work
of individuals since so nmany contributed. The work of chief radio
operator Vincent of the QU DE was specially noteworthy because of his
ability to solve radio problens as they arose, oftenwth linted fac-
ilities for the work. n one occasion off the coast of Mexico part of
the apparatus on the control panel burned out and the oscill ator
(Fessenden) could be operated only at full power, making soundi ngs
difficult and painful to the operator. He nade tenporary repairs which
lasted until arrival at San Diego. H E MConb, magnetic observer,
in addition to maki ng a magnetic survey between the Mexican border and
Los Angel es, gave advice, based on his experience w th preci se physical
instruments, to those in charge of shore stations, which helped in es-
tabl i shing a proper technique.

There was one great surprise inthe results. Al of those who
di scussed the project in its early stages questioned whet her radio
acoustic work woul d be successful on the northwest Pacific Coast of the
United States on account of heavy surf noise interfering with the sig-
nals and the difficulties of installing shore stations and cabl es,
while it was taken for granted that no difficulty would be encountered
on the Atlantic Coast. The exact opposite proved the case and it is
only recently in the course of the Georges Bank work that use under
Atlantic Coast conditions has proven practicable.
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In view of the fact that radi o acoustic ranging is now used so
extensively, it may not be inproper to point out that the original
conception of the problemwas correct, and that while scarcely a trace
of the original apparatus renmains in the present equi pnent, there have
been no fundanental changes in principle and met hod.

A A A

NOTES ON FATHOMETER CPERATI ON

F. B. T. Siems, H &G Engineer, U S C &G Survey

O pages 102 and 103 of the Decenber, 1931, Field Engi neers' Bul-
letin, Dr. Dorsey points out that the tine el apsing between the instant
of closing circuit of alternating current and the response of oscilla-
tor as registered on the Fathometer depends in part upon the point of
the alternating voltage wave at which the circuit happens to be closed.
It is stated that this period of time in successive closing of the cir-
cuit may vary fromthis cause alone, the tine equival ent of one cycle
of alternating current; and, accordingly, that this nmay cause wander-
ing of nearly one fathomin the registered soundi ngs when the usual
frequency of about 500 cycles is used.

Soundi ng extensively in regular depths of 10 to 16 fathons, the
SURVEYCR has consi stently experienced a fluctuation of the neon flash
of /2 fathomas a maxinum As stated in the witer's notes on Fat h-
onmeter operation, a lowfrequency of 440 cycles, a high negative grid
potential in anplifying tubes and a constant hydrophone current were
used to obtain this small fluctuation. The 1/2 fathomvariation is
then probably entirely due to the circuit being closed at various
points of the alternating voltage wave. Since there are two conplete
i npul ses to each cycle, it would appear that the difference in regis-
tering due to any two closings of the circuit woul d not exceed the
time equivalent of a half cycle, or about |1/2 fathomon the Fathoneter
di al .

The Fat honet er soundi ng was not read as depending on a single flash
but rather the mean of the qui ck succession of about four to six of
themconstituted the reading. Wth the hand | ead goi ng si multaneously,
it was possible to consistently anticipate the hand | ead soundings to
the nearest 1/4 fathom A fathoneter sounding was read an interval
of time before the lead line assuned its vertical position, to have
bot h soundi ngs taken approximately at the sane spot. In this respect,
the speed of the vessel and distance between soundi ng chair and oscil -
lator, both on the sane side of the vessel, were taken into considera-
tion.
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THE 432 TYPE FATHOVETER

Fred A R ddell and Janes C. Tison, Jr.
Jr. H &G Engineers, US. C &G Survey.

This report on the 432 type fathometer installed on the U S. C &
G S S HYDROGRAPHER is nade for the purpose of giving a brief outline
of various phases of the fathometer's operation during the 1931 Georges
Bank field season. Problens net with and corrective neasures taken are
set forth, but no attenpt is made to discuss technically the operation
of this fathometer or to theorize concerning inperfections which were
not ed.

FromMay 25 to June 29, 1931, Dr. Herbert G ove Dorsey, Senior
El ectrical Engi neer, was assigned to the HYDROGRAPHER He nade all pre-
limnary fathoneter adjustrments, and actual soundi ng was begun on June
7 with the apparatus functioning properly. During the first day of
sounding, the fathometer dial was set to read depths fromthe ship's
keel , thus necessitating a correction to soundings in amount of the
draft of the ship. This correction was of course a part of the total
correction obtai ned by a conparison of fathometer with w re soundi ngs,
and made it a rather large figure - as much as seven fathons at the
end of the day. To avoid this large correction, the dial was reset
by Dr. Dorsey before beginning work on June 8 so as to read approxi -
nmat e surface depths.

Shortly after hydrography was begun, Dr. Dorsey installed an ap-
paratus for obtaining deep soundi ngs, or those over one hundred fathons,
by which the echo of the slowwhite |ight nethod was converted into a
red flashing light on the dial. This newnethod, hereafter referred
to as the slowred |light nethod, was used for deep soundi ngs throughout
the remai nder of the season, and was found much nore satisfactory in
degree of accuracy and in ease of reading than the slowwhite |ight
nmet hod which it replaced. Soundings could now be read to the nearest
two fathons, whereas by the slowwhite light they were readabl e only
to the nearest five fathons with a possibly large equation of personal
error. |n water deeper than five hundred fathons, ship and water
noi ses very often caused a confusi ng nunber of flashes on the dial, but
by listening to the echo in the head phones it was conparatively easy
to pick out the corresponding flash and so obtai n accurate soundi ngs.

M June 21 at the end of the sounding day, the spring of the im
pact oscillator broke and was repl aced by a new one. The next norning,
when conpari sons were nade between fathometer and wire soundi ngs, the
fathometer was found to have a plus five fathom correction instead of
the mnus half fathom correction which existed before the spring broke.
The outer ring of the rotating disc (red light method) was reset to
nmake the correction approximately zero.

During the sounding day of July 10, the first day of sounding
after Dr. Dorsey had been detached, a sudden fluctuation in the posi-
tion of the initial flash was noted while using the inpact oscillator
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red light method. The ship was stopped shortly afterwards, and good
vertical cast conparisons made in fifty fathons of water showed that the
fathoneter correction had changed nore than three fathons in a little
nore than three hours. This change in correction was assuned to have
occurred at the tine the initial flash fluctuated and was attributed to
a slipping of the fathoneter dial. The initial flash ordinarily only
cane in after increasing the fathoneter's sensitivity for soundi ngs of
nore than forty fathons; therefore this fluctuati on would not have been
noted had the ship been sounding in shoal waters. Shortly after hydro-
graphy was resuned on this date, the slowred |ight nmethod was enpl oyed
for the remainder of the day for sounding in the vicinity of Corsair
Corge. Before shifting, however, the inpact oscilator apparently oper-
ated perfectly.

No hydrography was done again Until July 13, when work was started
on Sheet #3 in shoal waters. Conparisons were nade at the beginni ng
and end of the day, which was very short, and while the correction had
changed three fathons in three hours, the fathometer had apparently
functioned properly. Fromtine to tine the initial flash was nade to
cone in for short periods, but no fluctuation or junping was noti ced.

It may be well to nention here that the fathoneter was al ways started
wel | before soundi ng was begun and vertical cast conparisons made. This
was done to reduce to a mni numany sudden change in the correction to
soundi ngs whi ch night have been caused by changes of tenperature as the
various parts of the fathometer becane heat ed.

Unfortunately, no conparisons were nade on July 14 until the end
of the day, when the fathoneter was found to be reading four and a
half fathons |ow. The correction at the start of the day was assuned
to be the same as had exi sted when work was conpleted on July 13,
narmel y, plus one and one-half fathons. Upon two occasions shortly be-
fore the end of the day, very shoal soundings by the fathoneter caus-
ed some alarmat the possibility of running aground, but each tine
the engines were stopped and an attenpt nmade to get hand | ead sound-
ings while the ship was still underway. "No bottom’ soundings re-
sulted both times with at least five fathons of leadline in the water,
indicating that the fathometer correction had changed consi derably.
O this date the HYDROGRAPHER was running as "follow ship" to the
OCEANCCRAPHER in "tandemt hydrography and it was not convenient to
stop for vertical casts. This was especially true at the tine the
di screpancy in fathometer correction was noted, in view of the fact
that the day's work was soon to end. The fathoneter had seemngly
operated perfectly during the day, and the initial flash was al ways
st eady when as an occasional check it was nade to cone in for short
periods. The large change in fathoneter correction was at the tine
attributed to a sudden slipping of the rotating disc, and this disc
was again reset to read approxi mate surface depths. An exam hation
of the snooth sheet, however, shows no place at which a sudden junp
can definitely be said to have occurred, The soundings on this day do
not check well with other work, and seemto indicate either that a
series of such junps occurred or that the initial flash fluctuation
noted on the follow ng day existed at this tine al so.
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O the follow ng norning, July 15, while anchored in fifteen fath-
ons of water, it was found that successive fathometer soundings differ-
ed by as much as 3-1/2 fathons. The bottomwas perfectly regular, but
the initial flash of the fathoneter wandered back and forth over a
short section of the reading scale, with its position having a definite
relationship to the error of correspondi ng soundings. Thus if each
soundi ng was corrected by an anount dependent upon the position of the
initial flash, it was made to check with the true depth obtai ned by
vertical casts. Atable of corrections was nade on this basis and a
series of twenty fathonmeter soundings corrected. These corrected sound-
ings differed at nost by three-tenths of a fathom A small scal e was
prepared on paper and pasted over that section of the fathoneter scale
where the initial flash cane in, so that by glancing at the position of
the flash with respect to this scale it was inmedi ately apparent what
correction to apply in order to obtain surface depths. Later during
the day a second series of thirty fathonmeter soundings was corrected in
i ke manner while anchored in 25 fathons of water. Good results were
obtai ned, and this second series showed that the table of corrections
was not dependent upon the depth, but only upon the position of the
initial flash of the fathoneter.  course this table of corrections
took care only of error due to the fluctuating initial flash, and any
error caused by a future slipping of the dial or other mechanical means
had to be applied in addition. This fact was apparent on the follow ng
day when a plus half fathom correction had to be applied in addition to
that di scussed above.

Upon arrival in Boston on July 17, the Subnarine Signal Conpany
was advised in detail of the trouble which had been encountered wth
the fathoneter. On the 18th they sent two representatives to inspect
the apparatus, but the trouble was not determned. A repair engi neer
nmade a nore thorough inspection on the 20th, and after making timng
adj ust ment s and checking all connections, pronounced the fathoneter in
perfect working order. However, on account of the shall ow water al ong-
side the dock, no actual test could be nade to determ ne whether the
fluctuation in soundi ngs had been elim nat ed.

Soundi ng was resuned on Georges Bank July 23, and while not so
pronounced, the initial flash fluctuation still existed. Frequent
changes in fathometer correction, irrespective of that due to initial
flash fluctuation, also continued and were attributed to a slipping of
the outer dial ring. O the 24th this ring was carefully reset to read
surface depths and one set screw tapped through into the inner ring to
hold the two in the sane relative position permanently. No decided im
provenent in operation resulted, and the sane corrections already dis-
cussed had to be applied to all soundings.

The ship returned to Boston on July 30th, and on the 31st two
representatives of the Submarine Signal Conmpany renoved the entire
fathonmeter tinmng apparatus and took it to the conpany's |aboratories
for inspection. It was reinstalled on August 4th, and on the 5th M.
Turner, of the Submarine Signal Conpany, sailed with the ship as far
as Provincetown to nmake actual soundi ng observations while crossing
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Cape God Bay. The sane initial flash fluctuation continued, and M.
Turner found that the rotating discs of the fathoneter had never been
keyed to the shaft of the drive notor. He was undeci ded as to whet her
this condition was an oversight in construction or existed because a
friction fit was thought sufficient, but neverthel ess, upon his advice
and under his supervision, the rotating discs were keyed to the drive
shaft. This action successfully elimnated the frequent changes in
fat honmeter corrections which had been attributed to dial slipping, but
had no effect upon the initial flash fluctuation. M. Turner seened
to think the nethod used in correcting for this fluctuation quite sound,
so its use was continued during another trip to Georges Bank.

Wile in Boston on August 18 the Submarine Signal Conpany installed
an entirely new fathoneter striker, with the hope that it would correct
the initial flash fluctuations and hence stop the variation in suc-
cessi ve soundings taken at a known depth. Its installation apparently
had no effect on the fathometer's operation, for upon returning to
Ceorges Bank on August 19 the sane trouble still existed.

O August 20 the neon tube suddenly stopped flashing, and when the
installation of a new tube and a thorough test of all batteries and
radi o tubes in the hookup failed to correct the trouble, M. Burmster
was asked to come over fromthe OCEANOGRAPHER and ascertain the trouble
After a long search he found that the neon tubes had becone charged
with a negative charge of electricity, and that by grounding themto
renove this charge, the usual flash occurred

Aside fromthe fluctuation of the initial flash already describ-
ed, no further trouble was experienced with the fathoneter during the
renmai nder of the season. This fluctuation was never corrected, and
after July 14 it was necessary to correct all fathometer soundi ngs by
an anmount dependent upon the position on the scale at which the ini-
tial flash cane in.  course this nethod necessarily involved a
smal | personal equation of error in that the operator could not read
both the initial and echo flashes simultaneously. An exam nation of
snmoot h sheets, however, shows that soundi ng done by the HYDROGRAPHER
checks itself very nicely, and it is felt that this fact proves accu-
racy of soundings was not noticeably inpaired by inperfections in
f at horret er operat i on.

COMMENTS ON THE ABOVE REPCRT
Dr. H G Dorsey, US C &G Survey.

It seens to ne that this excellent report proves conclusively that
the variations in depth indications are due to changes in the striker
rather than in the indicator itself. O course, the hub shoul d have
been pinned or keyed to the shaft by the makers and the omssion is in-
excusabl e.

In June, while at the Subnarine Signal Conpany's |aboratory, the
engi neers told ne they thought the variations were caused by the indi-
cator and not by the striker, and that they never had any variations
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when testing the strikers in a tank of water.

In this striker about 0.05 second el apses between the tine the
circuit is opened and when the plunger hits the diaphragm This is a
long tine interval to nmaintain constant and any uncertai nty nakes |arge
di screpancies in the indication. Beside going to the bottomto pro-
duce an echo, sound fromthe di aphragmtravel s along the bottomof the
ship to the hydrophone producing what is called the initial in this
report, but which | prefer to call the direct signal, as has already
been practiced in connection with the 312 type fathoneter, the initia
flash there meaning a red light flash showing at the instant the os-
cillator circuit is opened.

Any variations in the surfaces of the plunger and hol di ng magnet,
caused by particles of dirt or chips broken fromthe spring will change
the instant of release and produce a variation in the tinme of strik-
ing, and any variation in friction between the plunger and its guides
wi Il also cause a change in the time of travel. This latter change
may be due to rolling of the ship, and as this is about the only condi-
tion not present in the laboratory it rmay be the principal cause of
vari ation.

Since the direct signal will always appear at a definite interva
after the blowis struck, the fluctuations of its occurrence give an
indication of the variation in time of producing the sound and, hence,
an index of the correction as has been done. It would be interesting
to note the effect of rolling to see if it does have any effect and,
if so, the amount of correction mght be sufficiently anticipated to
nake easier the reading of the direct signal.

AR A A I
U S Experinental Mdel Basin

Navy Yard, Vashington, D. C
13 April 1932.

Captai n Paul C. Wi tney,
U S. (Coast and Geodetic Survey,
Washington, D. C

M/ dear Captain Wit ney:

I aminforned by Lieutenant Roop that you have recently issued a
nost excellent bulletin under the heading of the Association of Field
Engi neers, and that we could get sone valuable pointers by studying it.

| would greatly appreciate having you arrange to send one or two
copies to us so that we may study it first hand.

Very sincerely,

(Sgd.) H E. Saunders,
Commander, (CC), U S. N
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REl NFORCl NG CONCRETE BENCH NVARKS
(Arcular letter sent to Chiefs of Parties
attached to D vision of Geodesy)

There are quoted belowa letter, dated February 27, 1932, from
M. Lewis A MArthur, Secretary of the O egon Geographi c Board, Port-
land, Oregon, dealing with the question of reenforcing concrete bench
marks, and a letter dated March 20, 1932, witten by M. Jasper S.
Bil by, Chief Signalman of the U S Coast and Geodetic Survey, to whom
the letter was referred for cooment and suggesti ons.

| feel confident that the information and advice given by M.
Bilby will be of great value to every chief of party and to those nmem
bers of the several parties who are engaged in setting bench marks and
triangul ati on stations.

M. MArthur's letter reads as foll ows:

"It is apparent that, in a nunber of places in this state during
the past year, your concrete bench mark posts have been broken of f at
the top by inpact of vehicles.

"1 would recomrend that serious consideration be given to the
matter of reenforcing the tope of these posts. The work would be
very sinple and certainly not costly. A nost any piece of scrap iron
or heavy wire between 18 inches and 2 feet |ong could be stuck into
the forns and woul d provide suitable reenforcing. There is no doubt
that the field crews could for a very small sumpick up junk materi al
around bl acksm th shops and garages which could be used for this pur-
pose. A nost any electric power and light utility would be glad to
gi ve you surplus transforner hooks, which would be highly suitable and
whi ch can be had for the asking in nost cases.”

M. Bilby's letter reads as foll ows:

"1 have your letter of March 14, enclosing a copy of a letter from
Lewis A McArthur, of Portland, Oegon, regarding the reenforcing of
concret e bench marks.

"If | understand M. MArthur correctly, the top of the marks were
not chi pped off on the edges and corners, as narks often are, but all
the top was broken off. If that is the case, there is no question in
ny mnd but that the cause was due to faulty naterial and poor work-
manship on the part of the man who set the narks.

"When setting the marks the hole is dug and concrete is filled in
up to near the surface of the ground, then the formfor the top is set
on and the formis filled with concrete, level with the top of the form
When the formis set on, loose dirt often falls in on the concrete, or
if the hole has not been nade | arge enough to take the form the edges
are trimred and the dirt falls in on the concrete. If the men are not
very careful in renoving the loose dirt which has fallen on the cemnent,
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the dirt will be absorbed by the water and cenent. The result wll be
that, when the concrete is placed in the form it will not be thor-
oughly mxed with the concrete that had been placed in the hole. A
dirt seammay thus be forned, conpletely across the post, so that any
heavy jolt on the mark will break it off at the dirt seam A so the
dirt would let in noisture which would freeze, if the station shoul d
be in highlatitude, and the top would be lifted off or | oosened, so
that the slightest jar would break it off.

"Reenforced rods in such cases would hold the top on for a tine,
but not permanently. Misture and air have no respect for Governnent
regul ations of hours of l|abor for a day of work. They work twenty-
four hours per day including Sundays, then comes the freeze during
the winters and the conbined work of the three elenents would, in a
few years, destroy the block of concrete.

"l have often found ol d concrete bl ocks with the corners and top
edges chipped off. Reenforced rods would not prevent the corners
frombeing broken off and it is quite probable that if rods were placed
near the corners and they became exposed, the small boys and some of
the old boys would take pleasure in bending the rods and further de-
stroyi ng the nark.

"l have a very good test applied to all concrete marks set for
the triangulation stations. Wen the tower is taken down, the forns
are taken off of the concrete bl ocks and sent forward. In renoving
the forns, the man takes an axe, pick or some heavy bar and gives the
forma few heavy jolts to break it |oose fromthe concrete. He then
takes a bar and pries the form off. Should there be a dirt seam
the heavy jolts would break the top | oose and the top of the concrete
bl ock woul d cone off with the form | have had this happen a few times.

"The reenforced concrete blocks may add a little to their life,
but the all inportant thing is good material, good workmanship and a
man that can be trusted to do first class work at all tinmes. Marks
shoul d be tested quite often by giving thema heavy jolt on the sides
near the top. This will jar the top loose in case of a dirt seam

"Necessarily, the chief of party nust train new bench mark set-
ters and tell themof the inportance of not letting any dirt fall into
the concrete. If the man in charge of setting the bench narks cannot
grasp the significance of this or if, through carel essness, he does not
i nprove his met hods, he should be placed on other work and a nore care-
ful man be given the task of setting the marks. This applies also to
setting marks for triangul ation stations.

"Shoul d you decide to use the rods for reenforcing the concrete,
they should be pl aced far enough fromthe corners or edges so they
wi Il not become exposed if the edges are chipped off the top of the
bl ock. "

The letters quoted above bring up a nost inportant subject and |
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should i ke to have the opinions of various chiefs of parties and of
ot her menbers of the D vision of Geodesy which may lead to securing
the nost perfect nmarks for |eveling bench narks and triangul ation sta-
tions that it is possible to obtain.  course, we cannot go to ex-
cessive expense in naking our narks because it is a great deal better
to have much leveling and triangul ati on done, w th very good marks,
than to cut down the amount of actual surveying by the use of |arge
anounts of noney to secure what might be called absol utely pernanent
marks. There is a desirable bal ance that should be maintained in the
di vision of our funds among the different parts of the work, but a
reasonabl e degree of permanency in the marks set is of prine inport-

ance.

* %k % Xk 3k ¥ X %k ¥ %

COMMENT ON THE ABOVE

N. H Heck, Chief, D vision of
Terrestrial Magnetismand Sei snol ogy

In viewof the plan for using triangulation stations for mag-
netic stations, consideration should be given to the possibility that
the introduction of reenforcing material in the concrete mght produce
artificial magnetic disturbance sufficient in amount to affect nag-
neti c observati ons made over the mark. Wile no quantitative results
are available on which to base an estimate of the possibl e amount of
i nduced magnetismin the rods or wire used for reenforcenent, and al -
though the effect woul d probably be negligible as far as declination
and horizontal intensity observations are concerned, it mght be suf-
ficient to give different values of dip for different heights of the
i nstrument above the mark, and thus introduce a possibility of error
in the determnation of secular change of dip at a station at which
observations are repeated fromtine to time.

Wn Bowi e, Chief, Dvision of Geodesy.

Responses to the circular letter regarding reinforcenent of bench
marks woul d indicate that the best nethod of preventing destruction of
a mark, fromcollision or shock, is to have good materials for the con-
crete and to have themproperly mxed. | concur in this view

Necessarily, the triangulation mark should not be reinforced with
iron or steel for it is certain that these marks will be used very ex-
tensively in the future by magnetic observers of this Bureau and by
| ocal engineers and surveyors in getting the variation of the conpass.

Bench mar ks, and ot her nmonunents perpetuating surveying stations,
shoul d, as far as possible, be placed in positions that will be |east

subj ect to disturbance.
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REFRACTI ON ON GECRCGES BANK, 1931

L. S. Hubbard, H &G Engineer, U S C &G Survey

REFRACTI O\ When an observer at sea uses a sextant he measures
an angl e between two rays of light. In the case of star sights, one
ray cones fromthe star, the other fromthe horizon bel ow the star.
He does not measure the true angl e because the paths of both rays are
bent by refraction.

Light In passing through a gas will be refracted as the density,
tenperature, and conposition of the gas changes. Light fromthe stars
wll pass froma vacuumand absol ute zero tenperature through increas-
ing pressures and tenperatures of air to the final pressure and tem
perature of air at the earth's surface. The total amount of refraction
wi |l depend upon the angle of incidence through these successive |ayers
of air. Tables in Bowditch give the refraction for all angles of in-
cidence and for a standard pressure and tenperature at the observer.
Addi tional tables give the corrections for variations fromthe standard
pressure and tenperature. Changes in refraction due to hundity are
slight and may be negl ected. The pressure, tenperature, and humdity
at the observer are the only data that the observer can obtain of the
medi um t hrough which the light rays pass fromthe star to the observer.

Light rays fromthe horizon to an observer on shipboard al so pass
through a nedi umof varying properties. These variations are unknown,
except that the tenperature at the horizon may be assumed to be known
because the tenperature of the water is usually uniformover a |arge
area and will usually be the same at the horizon as neasured at the ship.

(bservations were taken in 1931 on Georges Bank to determ ne what
effect the difference in tenperature between the surface water and the
air tenperature at the observer had on refraction. The dip to the hori-
zon was measured and conpared with the conputed di p under nornal condi-
tions of the atnmosphere. The difference between the observed and the
conputed di p was assuned to be due to refraction resulting fromthe
di fference between air and water tenperatures.

| NSTRUMENT USED: A Pulfrich "horizon neter” was used to neasure
the dip of the horizon. |In this instrument the horizons to the |eft
and right of the observer are reflected through mirrors to an eyepi ece
in such a way that when the horizons are in coincidence the dip of the
hori zon may be read on a mcrometer screw This instrunent is describ-
ed in detail in an article by Captain E M| in the May, 1931, issue
of "The Hydrographic Review'.

This instrument takes practice to use effectively because the hor-
i zons appear as vertical lines, and the rocking notion of the wist re-
quired to keep the horizons in coincidence while the shipis rolling
and pitching differs fromthat used with a sextant and feel s awkward at
first.
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D screpanci es in successive readings indicated that the dip of the
hori zon can be measured within an accuracy of two-tenths of a ninute
inarc. The greatest fault found with this instrunent was that the in-
dex error changed fromday to day. To elimnate this error, the in-
strunent was read in a direct and in a reversed position, and the ini-
tial reading subtracted fromthe average reading. Even this may not
have elimnated error due to shifting occurring between direct and re-
verse readi ngs. The readings on a single day, however, indicate that
such errors were slight.

METHOD OF CBSERVING  (hservations were taken at three hei ghts of
eye, at 14-1/2 feet on the forecastle deck, at 24-1/2 feet on the nav-
igation bridge, and at 32 feet on the flying bridge. At each hei ght
of eye two sets of observations were made at right angles to each ot her,
and a third set in whatever direction the horizon appeared best. It
was hoped to determine by this manner of observing whether the refrac-
tion varied in different parts of the horizon. The errors of observa-
tion, however, were greater than any differences found between sets

taken at right angl es.

At the sane tine the dip was observed, the tenperature of the sur-
face water and of the air at the height of the observer was taken, and
the barometric pressure and the humdity on the bridge were noted. The
tenperatures of air and water were taken with a centigrade thernoneter
standardi zed by the Bureau of Standards.

LI M TED QUANTI TY OF CBSERVATIONS:  Sights were taken only on days
when the horizon was clear and definite. This |imted the nunber of
sights taken since fog or haze prevails much of the time on Georges

Bank.

RESULTS: The results of these observations are somewhat incom
pl ete and unsati sfactory. The results plotted on graph paper give a
scattered pattern through which no definite curve can be drawn. To
conpare the results obtained on Georges Bank with those given by Koss'
formula, Dip =1. 82VH - .003h - C.414 ("H' equals the height of eye
and £ equal s the tenperature of the air minus the tenperature of the
water), a dotted curve based on the third termof Koss' formil a was
drawn on graph paper, and a full line paralleling Koss' curve was drawn
averaging the results obtained on Georges Bank. This curve is 0.40 of
a mnute bel ow Koss' curve, indicating that the formula from1°aA to
mnus 1°A, centigrade, when applied to Georges Bank woul d have an
added constant term -0.40. The formula woul d be as foll ows:
+ Dip =.1.82 Yh - 0.003 h - 0.41A~ 0.40.

Incidentally, the curve based on the previous season's star sights
has the sane constant, -0.40, The fornmula for dip based on the curve
of the previous season's star sights fromplus 1°2A to plus 6°, Fahren-
heit, was Dip = 1.82Yh - .003h - 0.172s - 0.40
or expressing in degrees Centigrade, Dip = 1.82Yh - .003h - C.30A -~ (.40
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It will be noted that the differences between air and water tem
peratures in 1931 were snall conpared with those of the season previous,
usual |y being | ess than one degree centigrade. This was because the
Ship LYBONI A worked in waters about 40 miles west of where she did the
season previous and that nuch further fromthe Qulf Stream

OCONCLUSI N The unsatisfactory results are considered due to two
facts. First, the dip neasuring instrunent is not precise enough in
nmeasuring the dip. Second, the tenperature of the water and air at the
horizon and of the air along the line of sight are not actually known.
It is assurmed that the water tenperature at the point in the horizon
observed is the same as that observed at the ship and this may be true
much of the time, but certainly not all the time in a shoal area of
strong and changi ng currents such as Georges Bank.

An abstract of the dip observations is shown on an acconpanying
pl at e.

COVPAR SON BETWEEN RESULTS CBTAI NED ON
GECRCGES BANK AND THOSE d VEN BY KOSS' FORMULA
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ABSTRACT COF DI P OBSERVATI ONS, GECRGES BANK, 1931.

Date Place Horlzon |Therm. Baram, | Hzteof |Obs.Dip |Camp.Dip [Dif#,Dip | Temp. i Temp. (Diff.
& & Dry inches aye C=C Alr |Water i{Temp.
Pime Weather |Wet Thery. | feet ' nge | wCw 1A W
Hunidity | Atte
Ug o 22 "BOY"™ Excell- 30:08 lﬁi 3,10 3.85 =275 17475 | 17.50 #0425
1-20 M |Late 41-14 | ent. R4 4,33 4,85 =252 17.80 #0,30
Long.87=-52 | Breeze 85,592 | 32 4,52 5,55 [-1.23 17.70 3,25
Av,=0,83 Av,40,25
|Aug .22 "BOY" Clear 67 .0°F 30:11 | 15% 2.78 3.85 -1,07 16.7 |[18.9 =042
-30 M [Late 41-14 | cut 24 4,55 4,85 [|-0.,30 1648 =041
Long.67=52 66,5°F 70.00 32 5,10 5,55 ]-=0.45 16.6 =0,3
97E AVo=0,61 Avee0,2
lAug.23 | "KING® Clear 8444 31404 | 1 2,80 3,86 1=1.05 16,8 [15.9 0.8
9=30 AM |Lat.41-04 | ship 24z 4,92 4,85 [e0.07 17.0 *l.1
Longe67-38 | rolling | 63,1 79.0 32 4.90 5.55 =0465 18,5 #0468
& piteh-| 974 Av.-0,5¢ Av,40,9
ing.
Sep. 4 [ "GEORGE" Fair -~ 6740 29.93 | 1 4,30 3485 [40e45 18,8 |18.0 {¢0.8
925 AM | Lat, 41-23 | reining 2 5410 4,85 {=0,25 18,9 »0,9
Longe87-40 | Light 69,9 75,5 32 5.55 bt
swell 994 Avo40,10 Av,40.8
Sep. 7 "TARE™ Excell- | 66 29,77 15% J.48 3485 || =037 17.2 |17.2 0
9-20 AM |Lat. 41-27 | entMod. 24% 4,62 4.85 =0,23 17,7 #0,5
fLong.63-00 | swell & | 64 8942 32 5,05 5,55 [ =0450 17.5 #0.3
breese | 90% Av,-0,37 Av.+0.4
Sepe 7 "TARE" Excell- | 65 29,75 15% 2.65 3485 |-1.20 17.7 |17.7 0
5-00 BM | Lat. 41-27 | entMod. 245 4,00 4,85 J-0.85 176 ~0,10
Long.68-00 | swell 64 79 32 4,68 5,55 |[[=0.87 17.8 #0,10
fr JNW | 95% Ave=0,97 Ave O
bresze
Sep, 8 "TARE" Excell- | 66,0 298,75 15% 2,93 3485 «0.92 1743 | 172 *0,1
9-00 AM |Late 4127 | ent Mod, 244 4427 | 4085 -0,58 }18.0 +0,8
Long.88=00 | sea & Bzd 85,1 8845 32 515 5455 =042 17.7 #0.5
93% Ave=0. Av.40,5
[Seps 8 "PAREY Excells 6745 29,77 155 327 3485 =0,58 17.1 | 17.9 =043
[4=45 M | Lat, 41-27 | ent Mod. 24 4,20 4,85 =0,65 18,0 $0.1 |
Long,53-00 | Sea & Bz{ 67,0 7845 32 4,88 555 =0 4567 1745 =044
9 Ave=0.63 Ave~Ded
Seps 9 |"TARE" Exc. 86 29,80 1% 3e22 3,85 «0,83 174 | 17425} #0,15
-15 A |Late. 41-27 | S8mooth 24; 4450 4,85 «0+35 18,0 #0,75
Long.68-00 | sea Lt. 66 720 32 4,98 5455 0,57 17.3 «0.05
XW'ly Bz¢ 100% Ave-0.52] Av.0,32
[Seps 9 | "SAIL® Exce 64,0 29.84 % 3.40 3.85 =0 445 18.8 | 17,1 | #leD
6=50 PM |Late 41-41 | smooth 4.26 4,85 ~0,59 17.1 0
Tong.67=82 | sea Lt. 63,5 7740 32 5.10 5455 -0 445 16.5 =048
airs. o7 Av,=0,50) AV 4045
Sep,10 | "SAIL® Exc. 87.8 29,97 ;2 2,50 3.85 ~1435 18.1 | 17.5 || #0.8
9«10 AM |Lat. 41-41 | amooth 380 4.85 =1,05 18.5 +1,0
long ¢7 .52 | sea Lt, 86,8 7340 32 4,70 5.55 -~0,85 18,4 +0,9
airs. 98% Av.-l.OSH Av,40.8
Sep,18 | "CAST"™ Fair 81.5 30,17 1 3440 3485 =0 445 15.4 15,2 || #0.8
7-00 ™M [Lat. 40-55 | Mod.ses 24 4,00 4,85 -0,85 18,0 +0,8
long é5-25 | & breeze| 80,5 71,0 32
94% Avo=0.19 AV 44045
ISept,17 Good 87,4 29,99 | 1 2448 * 3.85 -1,39 * }18,1 |18.3 [=0.2
1-40 PM |Lat, 41-21 | Lt,.gea 244 2433 4,85 -2452 1942 +0,9
Long.67-66| Li.alrs 6641 71,5 32 2457 5455 -35,18 18.7 +0e4
84% AVe=2.06 ] Avo20.4
[Sep, 18 |"BOY" Good 6740 29.83 ;.3 3040 3,85 =( 45 1844 |17.9 ¢0.5
11«20 AM[Lat, 41-l4 4,80 4,85 ~C 405 194 *1.5
Long.57=52 8640 73,5 32 D47 5455 «0,07 18.5 0.6
95% ) Av,=0,19 Av.e0,.9
ISepto19 |"OBOE® Ex¢e 56845 21,9 i 4,03 3.85 +0,18 11.8 1346 [j =260
1=20 B |Lat, 4203 | sl.roll 5,03 4485 +0,18 14.0 0.4
Longe57=25 | Lr.JW'1ly] S54.4 7240 32 5.7 5455 #0,22 12.0 =le8
breeze, | 78% Avo40,19 Ave=l4l
* Observations questionable,

C.&6G.S. 442
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CREATING A HORIZON

BY LIEUTENANT COMMANDER J. Y. DREISONSTOK, U. S. NAVY
(Published by permission of the U.S. Naval Institute.)

E modern navigator is so indoc-
trinated with the use of the sea hori-
zon, that it becomes difficult to per-

suade him that there are other methods of
bringing down a heavenly body so as to ob-
tain a true altitude. In the good old days it
was not an infrequent occurrence to see a
ship's captain make use of a soup plate of
molasses in taking his time sight. And this
is still a good practice, especially when one
takes full advantage of the use of gimbals
by placing the plate of molasses atop his
pelorus.

The vagaries of our friend "sea horizon"
are so many that at times one wonders
where he is. Especially is this true in locali-
ties where there is a marked difference in
temperature between the air and sea water.
This is especialy so around the Gulf
Stream where the water is so much warmer
than the air that the sea horizon is often
displaced as much as 14' of arc. One of the
most striking examples of displaced hori-
zons occurs in the Red Sea. The hot winds
and sands blowing from the deserts create
a marked difference between the air and sea
water temperatures, and the visible horizon
is raised out of all proportion to its true po-
sition. As a result the dip is decreased and
the resultant true altitude is often as much
as 18' greater than that obtained by using
the ordinary dip table.

During the past three or four concentra-
tions of the fleet at Panama, the navigation
of our ships has been sharply criticized.
Let us consider the reasons that caused
poor navigation (or rather, poor results)
during these maneuvers. There is a general
drift current that sets to the north out of
the antarctic regions. This current upon
striking the shores of the South American
continent is divided into two branches. One
of these branches, known as the Peruvian,
Chilean, or Humboldt current, flows north-
east in the direction of Valparaiso conform-
ing somewhat to the coast lines of Chile and
Peru. Near Cape Blanco the current |leaves
the coast of America and bears toward the
Galapagos Islands. This current is exceed-
ingly cold. As an illustration, on one side of
Albermarle Island of this group the tem-
perature of the sea was once found to be
80° while on the other side of the same

island it was 60°—a difference of 20°. Small
wonder that our old friend, the sea horizon,
has the "jumps" especially when we con-
sider that these islands are practically on
the equator.

It is the writer's belief that this remarka-
ble current has considerable effect on our
navigation outside of the Panama Bay area.
From the writer's own experience, there
have been many days when a heavy mist
hung over the horizon in spite of a beautiful
sky overhead.

To overcome these difficulties of naviga-
tion in regions where this condition exists,
whether the horizon can be seen or not, it is
recommended that the method to be de-
scribed be used when possible.

The use of another ship as a horizon is
by no means new. It has been described and
used on many occasions. However, the
writer has compiled a set of convenient
tables with which to correct the resultant
altitude, thus making such a procedure easy.

The method is simple. The observing ship
directs the "target" ship to steam on a
course at right angles to the bearing of the
heavenly body. The observing ship then
steams on a parallel course on the line of
bearing of the "target" ship and the heav-
enly body and at a known distance from the
"target" ship. The heavenly body is then
brought down to the water line of the "tar-
get" ship and corrections from table A and B
are applied similar to the method employed
in the front of H. O. Publication No. 208.
Table A contains the correction to be applied
for semidiameter, parallax, and refraction in
the case of the sun and for the mean refrac-
tion in the case of stars. Table B contains the
dip to be applied for various heights of eye
and for various distances in yards between
the two ships. It was computed from the
formula :-

565h
dip = — + 423d
d

where h = height of eye in feet,
and d = distance between the ships in nau-
tical miles.

From an inspection of them it will be
seen that the lower the height of eye and
the further away the "target" or horizon, the
less the correction becomes.

C& G.S 442
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CORRECTIONS TO BE APPLIED TO THE OBSERVED ALTITUDE OF THE SUN'S LOWER LIMB OR OF A STAR
TO FIND THE TRUE ALTITUDE WHEN ANOTHER SHIP OR THE SHORE IS USED AS A HORIZON.

TABLE A TABLE B

OBS. |SUN S |STAR S| [ Feight DI STANCE OF SH P USED AS HORI ZON I N YARDS
AT. |CORR. | CORR. of eye 500 | 1000] 2000 3000] 4000] 5000] 6000] 7000 8000 9000] 10000 11000 12000
° ! ’ ! Feet ' ' ! ' ! ' ! ' ’ ’ ' ' !
6 30[+ 8.3|-7.9 10 -22.7|-11.5| -6.1| -4.4| -3.7[- 3.3] -3.2| -3.1
7 00|+ 8.8|-7.4 11 -25.0/-12.6| -6.6| -4.8| -4.0| -3.5| -3.3| -3.3
7 30|+ 9.2|-7.0 12 .27.3|-13.8| -7.2| -5.2| -4.2| -3.8| -3.6| -3.4| -3.4
8 00|+ 9.6[-6.6 13 -29.5/-14.9| -7.8| -5.5| -4.5| -4.0| -3.7| -3.6| -3.5
8 30|+10.0|-6.2 14 -31.8/-16.0| -8.3| -5.9| -4.8| -4.2| -3.9| -3.7| -3.7
40 |+10.1 |-6.1 15 -34.0/-17.2] -8.9] -6.3| -5.1| -4.4] -4.1] -3.9| -3.8
50 |+10.2 |-6.0 16 -36.3|-18.3| -9.5| -6.7| -5.4| -4.7| -4.3| -4.1| -4.0| -4.0
9 00|+10.3[-5.9 17 -38.5/-19.4(-10.0| -7.0| -5.6| -4.9| -4.5| -4.2| -4.1| -4.0
20 [+10.5|-5.7 18 -40.8/-20.6(-10.6| -7.4| -5.9| -5.1| -4.7| -4.4| -4.2| -4.2
40 [+10.7 | -5.5 19 -43.0[-21.7|-11.2| -7.8| -6.2| -5.4| -4.8| -4.6| -4.4| -4.3| -4.3
10 00 |+10.8|-5.3 20 -45.3|-22.8/-11.7| -8.2| -6.5| -5.6| -5.1| -4.7| -4.5| -4.5| -4.4
20 |+11.0|-5.2 21 -47.6/-23.9|-12.3| -8.6| -6.8| -5.8| -5.2| -4.9| -4.7| -4.6| -4.5
40 [+11.2|-5.0 22 -49.8/-25.1|-12.9| -8.9| -7.1| -6.0| -5.4| -5.8| -4.8| -4.7| -4.6
11 00|+11.3|-4.9 23 -52.1|-26.2|-13.4| -9.3| -7.3| -6.3| -5.6| -5.2| -4.9| -4.8| -4.7| -4.7
30|+11.5|-4.6 24 -54.4|-27.4|-14.0| -9.7| -7.6| -6.5| -5.8| -5.4| -5.1| -5.0| -4.9| -4.8
12 00|+11.7|-4.5 25 .56.6|-28.5|-14.5|-10.1| -7.9| -6.7| -6.0| -5.5| -5.2| -5.0[ -4.9| -4.9
30|+11.9| -4.3 26 -58.9/-29.6/-15.1|-10.4| -8.2| -6.9| -6.2| -5.7| -5.4| -5.2| -5.1| -5.0
13 00|+12.0| -4.1 27 -61.1|-30.7|-15.7|-10.8| -8.5| -7.2| -6.3| -5.8| -5.5| -5.3| -5.2| -5.1| -5.1
30| +12.2| -4.0 28 -63.4/-31.9/-16.3|-11.2| -8.8| -7.4| -6.6| -6.0| -5.7| -5.5| -5.3| -5.2| -5.2
14 00|+12.3|-3.8 29 -65.6/-33.0|-16.8|-11.6| -9.1| -7.6| -6.7| -6.2| -5.8| -5.5| -5.4| -5.3| -5.3
15 00| +12.6|-3.6 30 -67.9|-34.1(-17.4]-11.9| -9.3| -7.8| -6.9| -6.3| -5.9| -5.7| -5.5| -5.4| -5.4
16 00|+12.8| -3.3 31 -70.2|-35.2/-17.9|-12.3| -9.6| -8.1| -7.1| -6.5| -6.1| -5.8| -5.6| -5.5| -5.5
17 00| +13.0| -3.1 32 -72.5/-36.4/-18.5|-12.7|-10.0| -8.3| -7.3| -6.7| -6.2| -6.0| -5.8| -5.7| -5.6
18 00|+13.2| -3.0 33 -74.7|-37.5/|-19.1/-13.1|-10.2| -8.5| -7.5| -6.8| -6.3| -6.1| -5.8| -5.7| -5.6
19 00|+13.4| -2.8 34 -76.9/-38.6/-19.6/-13.5|-10.5| -8.7| -7.7| -7.0| -6.5| -6.2| -6.0| -5.8| -5.7
20 00| +13.5|-2.6 35 -79.2|-39.8/-20.2|-13.8(-10.8| -9.0| -7.8| -7.1| -6.6| -6.3| -6.1| -5.9| -5.8
22 00|+13.8|-2.4 36 -81.5|-40.9/-20.8|-14.2|-11.0| -9.2| -8.1| -7.3| -6.8| -6.4| -6.2| -6.1| -6:0
24 00| +14.0|-2.2 37 -83.7|-42.0|-21.3/-14.6|-11.3| -9.4| -8.2| -7.4| -6.9| -6.6| -6.3| -6.1| -6.0
26 00|+14.2|-2.0 38 -86.0(-43.2|-21.9|-15.0|-11.6| -9.6| -8.4| -7.6| -7.1| -6.7| -6.4| -6.2| -6.1
28 00|+14.3|-1.8 39 -88.2|-44.3|-22.5|-15.3|-11.9| -9.9| -8.6| -7.8| -7.2| -6.8| -6.5| -6.3| -6.2
30 00|+14.5|-1.7 40 -90.6|-45.5([-23.0[-15.7|-12.2[-10.1| -8.8 | -8.0| -7.4| -7.0| -6.7| -6.5]| -6.3
32 00|+14.6|-1.6 41 -92.8|-46.5|-23.6|-16.1|-12.4|-10.3| -9.0| -8.1| -7.5| -7.1| -6.8| -6.5| -6.4
34 00(+14.7|-1.4 42 -95.0(-47.7|-24.2|-16.5|-12.7|-10.6| -9.2| -8.2| -7.6| -7.2| -6.9| -6.6 | -6.5
36 00| +14.8|-1.3 43 -97.3|-48.8|-24.7|-16.8|-13.0(-10.8| -9.4| -8.4| -7.8| -7.3| -7.0| -6.7| -6.6
38 00|+14.9|-1.2 44 -99.6/-50.0|-25.3|-17.2|-13.3|-11.0| -9.6| -8.6| -7.9| -7.5| -7.2| -6.9| -6.7
40 00| +15.0|-1.2 45 |-101.8/-51.1|-25.8(-17.6/-13.6/-11.2| -9.7| -8.7| -8.0| -7.6| -7.2| -7.0| -6.8
45 00| +15.2|-1.0 46 |-104.1|-52.2|-26.4|-18.0|-13.9|-11.5| -9.9| -8.9| -8.2| -7.7| -7.3| -7.1| -6.9
50 00| +15.3|-0.8 47 |-106.3|-53.3|-27.0|-18.4|-14.1|-11.7|-10.1| -9.0| -8.3| -7.8| -7.4|-7.2| -7.0
55 00| +15.4)|-0.7 48 |-108.7|-54.5|-27.6|-18.7|-14.4|-11.9|-10.3| -9.3| -8.5| -8.0| -7.6 | -7.3| -7.1
60 00| +15.5|-0.6 49 |-110.8/-55.6(-28.1|-19.1|-14.7|-12.1|-10.5| -9.4| -8.6| -8.1| -7.7| -7.4| -7.2
65 00| +15.6| -0.5 50 |-113.1|-56.7|-28.7|-19.5|-15.0(-12.4|-10.7| -9.5| -8.7| -8.2| -7.8| -7.5| -7.2
70 00| +15.7|-0.4 51 |-115.4|-57.8|-29.2(-19.9(-15.3|-12.6(-10.9| -9.7| -8.9| -8.3| -7.9| -7.6 | -7.3
75 00| +15.8|-0.3 52 |-117.6|-59.0(-29.8|-20.2|-15.6(-12.8|-11.0| -9.9| -9.0| -8.4| -8.0| -7.7| -7.4
80 00| +15.9|-0.2 53 |-119.9|-60.1|-30.4|-20.6|-15.8|-13.0|-11.2|-10.0| -9.2| -8.6| -8.1|-7.8| -7.5
85 00| +15.9|-0.1 54 |-122.1|-61.2|-30.9|-21.0/-16.1(-13.3(-11.4/-10.2| -9.3| -8.7| -8.2|-7.9|-7.6
90 00| +16.0|-0.0 55 |[-124.4|-62.4|-31.5|-21.4|-16.4|-13.5|-11.6(-10.3| -9.5| -8.8| -8.3|-6.0| -7.7
60 |-135.7|-68.0|-34.3| 23.2|-17.8|-14.6|-12.6|-11.2|-10.2| -9.4| -8.9| -8.5| -6.2
65 |-147.0(-73.7|-37.1|-25.1|-19.2|-15.7|-13.5|-11.9]-10.9|-10.1| -9.5| -9.0| -8.7
70 |-158.3|-79.3|-40.0 |-27.0(-20.7|-16.9(-14.4|-12.8|-11.2|-10.7 |-10.0 | -9.5| -9. 1
75 |-169.6|-85.0|-42.8|-28.9|-22.1|-18.0(-15.4|-13.6|-11.9/-11.3|-10.6 |-10.0| -9.6
80 |-180.9(-90.6|-45.6(-30.8(-23.5(-19.1(-16.3|-14.4 |-13.0|-12.0|-11.2 -10.6 |-10.1
85 |-192.2|-96.3|-48.4(-32.7|-24.9(-20.3(-17.3|-15.1 |-13.7 |-12.6 |-11.7 |-11.1 |-10.5
90 |-203.5]-101.9|-51.3(-34.6|-26.3|-21.4(-18.2|-16.0 |-14.4 |-13.2|-12.3 -11.6 |-11.0
95 |-214.8/-107.6|-54.1|-36.4|-27.7|-22.5|-19.2|-16.8 |-15.1 |-13.8 |-12.9 | 12.1 |- 11.5
100 |-226.1|-113.2|-56.9|-38.3(-29.1|-23.7(-20.1|-17.6 |-15.8 |-14.5 |-13.4 |-12.6 [ 12.0
ADDITIONAL CORRECTION FOR SUN'S ALTITUDE
JAN | FEB | MAR | APR | MAY | JUNE | JULY | AUG | SEPT | OCT | NOV | DEC
U322 (-0 |22 -2 | er2 e 2 -t w2 [ +0 3
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GYRO EQUI PMENT CF THE HYDROGRAPHER

BElliott B. Roberts, H &G Engineer, US C &G Survey

Condensed from Report "Conpass Equi prent of
Shi p HYDROGRAPHER' (Report No. 175 - 1931)

The gyro conpass on the HYDROGRAPHER is a Sperry Mark VI || stand-
ard design, with a 60-pound rotor which operates nornally at 6,000
r.p.m It is so suspended that the only constraint upon conpl ete free-
domof the rotor is that applied by the weight of a mercury ballistic.
The rotor tends to hold a direction fixed in space. Unless its axis is
parallel with that of the earth, it tilts fromthe horizontal as the
earth rotates. The resulting flowin the ballistic produces unbal anced
wei ght whi ch acts upon the rotor, precessing it toward parallelismwth
the earth's axis. The precession is oscillatory, of about 85 m nutes
period, and two-thirds of the anplitude is danped out with each swing
If the gyroscope is started with its axis approximately oriented, it
will lie virtually on the neridianwithin 15 to 30 minutes, but froma
randomstart several hours nay be required.

Anotor controlled fromthe rotor through a virtually frictionless
trolley contactor does the work of turning the conpass card and the re-
peater transmtter. This azinmuth notor actually oscillates its driven
parts rapidly over an angle of about a degree as the trolley rides from
one segnent of the contactor to the other. This oscillation, or "hunt",
is elimnated fromthe repeater indications by a "lost notion" |inkage
connecting the conpass card and the transnitter. It should be noted
that the "hunt" nust be controlled at a proper val ue to correspond
exactly with the lost nmotion of this linkage, else alag (or a "hunt")
will prevail in the repeater indications.

A converter supplies the three-phase rotor current; all other parts
of the equipnent operate under direct current supplied at the proper
vol tages fromthe control panel

The nai nt enance has not been found arduous. An hour or two a week
suffices for the necessary cleaning and |ubrication. Frequent azimuth
sights are taken as a check, though this is a perfunctory routine when
the conpass is functioning under proper adjustnent.

Qur experience has shown the apparatus to be sturdy, the only
nmechani cal troubl es having been traceable to burned resistances, the re-
sult of surges of high voltage fromthe ship's auxiliary generators.

It has been found that it is easy to prevent deviations once a
reasonabl e famliarity with the mechanismis obtained. Deviations are
of two kinds - sem-permanent and variabl e. The seni-pernanent devi a-
tions are the result of so many conplicated phases of the bal anci ng of
the gyroscope that they can not here be described. |f of |arge magni-
tude they demand readj ustment of the whole apparatus. |f snall they
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can easily be conpensated by a sinple adjustment of the torsion of the
suspension, a flexible cable upon which is hung the entire weight of
the rotor and its case. The adjustments affecting sem -pernmanent de-
viation, including that of the suspension, are lasting and positive.

Vari abl e devi ations have been found to result froma nunber of
things, principal of which has been fluctuating |ine vol tage, which,
of course, causes accelerations in rotor speed and changes the dynam cs
of the whol e nechanism Qher possible causes are undue friction in
bearings, dirty nercury in the ballistic, dirty or burned contactors
and trolleys. After a sufficient degree of experience was obtained so
that all these causes could be understood and avoi ded, a remnarkabl e con-
stancy in the indications of the conpass prevailed, no appreciable
devi ati on being observed at any tine.

REPEATERS, by neans of whi ch the conpass indications are nade
avai | abl e where needed, are nounted at the regul ar and emergency steer-
ing stations, under the radi oconpass pointer, and on the bridge w ngs.
They consist of illumnated conpass cards in weatherproof cases, turned
by step-by-step nmotors actuated through the gyroconpass transmtter.
The repeaters turn by |/6th degree steps, and, once synchronized with
the master conpass, give faultless service. During periods of contin-
uous operation for two weeks, involving the running of hundreds of
mles of sounding lines and al nost constant naneuvering, they were
never known to lose a single step in their follow ng of the master com

pass .

There seens little need for calling attention to the renarkabl e
benefit of having, in place of a pelorus, a live conpass card known to
be ever true inits indications. Bearings to the quarter-degree nay
readily be observed with a telescopic alidade fitting those repeaters.
O a nmorrent's notice, with no call for steadying the ship on her course,
wi thout reading the ship's head, w thout considering variations or
devi ations, or without sw nging of the card, true bearings are instant-

'y avail abl e.

The GYRO PI LOT consists of two najor parts. In the steering wheel
stand is a control unit, containing a step-by-step repeater notor which
actuates contactors controlling the flow of current to the power unit,
aft alongside the steering engine. This power unit contains a notor
strong enough to operate the steering engine controls. The effect of
the whole assenbly is to permt of setting the ship upon any headi ng,
any subsequent deviation fromwhich is innediately and automatically
corrected by easy rudder action controlled by the gyro-pilot mechani sm
The resulting action of the ship is a slow easy yaw of snall nagnitude.

Upon first installation the gyro-pilot failed to steer the ship
except at very slow ship speed. The reasons for this are deeply in-
volved with the characteristics of the ship's design. The remedy,
eventual |y found to be successful, lay in the substitution of a double
speed gyro-pilot repeater notor.
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Fromthe time of this change, the results have been truly excel -
I ent. Depending upon the state of the sea and the trimof the ship,
the yaw varies fromone to about three degrees each way fromthe course,
consisting of a gentle swing back and forth. This is far better than
the best possible hand steering of the HYDROGRAPHER In operation the
action is as follows: A yawof perhaps a third of a degree results
inaction of the gyro-pilot contactors, and the inmedi ate application
of about five degrees of corrective rudder. This nmay or rmay not stop
the yaw, if not, additional rudder is applied as the yaw i ncreases un-
til, at a point between one and three degrees off course, depending on
conditions, the rudder stops the swing and starts the ship sw ngi ng back
to the course. |Immediately the contactors reverse the rudder action
and, as the ship sw ngs back toward the course, contrary rudder is
applied to meet her. |In practice the return swing is sel domexactly
net and an opposite yaw results.

A nmost no trouble of any kind has been experienced with the gyro-
pilot. Cn one occasion a slight |oss of adjustnent resulted in a lag
in the repeater notor action, but this was readily corrected.

The operation of the steering devices is renarkably quick and
easy. Control can be shifted frommanual to automatic within a second
or two. Wien steering automatic, a shift of any desired small change
of course can instantaneously be effected by a turn of a small hand
wheel . Changi ng through a | arge nunber of degrees is nore quickly
effected by shifting to nmanual control during the turn.

The COURSE RECCRDER i s nounted in the pilot house. Wile it is
t hor oughl y dependabl e in operation, it is not of precise design, hav-
ing an i nherent mechanical |ag of about a degree. It noves in setting,
nor eover, by one degree steps, thereby naking difficult exact syn-

chroni zation with the steering repeater. |t appears, therefore, that
its indication can not be assunmed at any nonent to be within, perhaps,
1/2 degree of correct. It is probably, nevertheless, that its error

of synchronization is a constant and that its lag error is washed out
because of the ship's normal yaw. Fromthese considerations the
statement is made that the course recorder is capable of supplying a
very accurate record of relative courses steered. This is far nore
inportant in the plotting and adjustnent of sounding lines than any
consi deration of absolute courses. The course recorder, therefore,
may be accepted as a whol ly satisfactory instrument of its kind for
the use nade of it; nanely, the recording of courses while on precise
dead reckoning, or other, hydrographic lines. No failures or troubles
of any kind have been experienced with it.

Very briefly, the conclusion of the witer is that the gyro-com
pass equi pnent as installed on the HYDROGRAPHER has proven itself very
reliable, and with further experience in its operation, even this
degree of reliability should be heightened. This nodern apparatus adds
nmaterially to the facility and accuracy of perfornance of hydrographic
surveys. It is unqualifiedy recommended with the suggestion that it
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The speci nen records of course recorder_above show clearly the difference between hand and
autonmati c steering on the HYDROGRAPHER In Fig. A it will be Sseen that with autonatic steering
in anoderate sea the ship is usually held to within one degree of the course and that deviations
to the ri ?ht and left bal ance al nost perfectly. The course made good is clearly 221° (the line
to the left shows the quadrant —in this case the third). GContrast with this the hand steer-
ing record at the bottom where it is shown that the ship"s head fluctuated between 213° and 240°
and the course nade good is uncertain to about 2°,

Fig. 6 shows the results of hand and autonatic steering in a heavy sea. Here with autonatic
steeri n%the deviations fromthe set course average about 2-1/2° on each side, but they bal ance
within I/2 degree of the course. Deviations fromhand steering exceed 10° and do not bal ance
wi thin several degrees. It should be explained that in every case hand steering was guided by
the gyro repeater, not the magnetic steering conpass, and that the deviations woul d have been
nuch greater had the hel nsnman endeavored to hol d a course by means of a magnetic conpass.

Fig.hc and Fi g, D show the behavior of the ship while at anchor, the fornmer in a strong

wind and heavy sea and the latter ina light wnd and sea. Wth such yaw ng as indicated by
Fig. C it is inpossible to get current observations of any val ue.

SPECI MEN RECORDS SPERRY GYRO COURSE RECORDER SHP HYDROGRAPHER 1S58l
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shoul d be on every ship of sufficient size to carry the apparat us.
In particular, owng to the al most conpl ete usel essness of nmagnetic
conpasses on a ship so nmuch disturbed electrically and nagnetically
as the HYDROGRAPHER it has been actual Iy indi spensable to this par-
ticul ar vessel

The tel escopic ali dade nenti oned by Li eutenant Roberts as used
with the gyro-repeaters for taking bearings is described el sewhere
inthis issue of the bulletin. Ed.

Nt o i —— s . e e th o i ete M S o G — — e A e mmin G T m— . tam o opam o iy s—

rAREARE AR
ECHO SOUNDI NG ON THE SUBMARI NE " NAUTI LUS'"

Floyd M Soule, Carnegie Institution of Washi ngton

(Extract froma report on echo soundings taken on the WI ki ns-
El I sworth Trans-Arctic Submarine Expedition of 1931. In transmt-
ting the report and soundings to the Director, Coast and Geodetic
Survey, M. J. A Flemng, Acting Director, Departnent of Research
in Terrestrial Magnetismof the Carnegie Institution, stated: "Veé
take this opportunity of expressing our thanks to you and your
officers, especially Captain W E. Parker, for advice given M.
Soul e on February 16, 1931, prelimnary to his departure on the
expedi tion".)

The NAUTI LUS was provided with a Subnarine Signal Conpany Fat ho-
nmet er equi pped for taking shallow soundings up to 125 fathons by the
red-1ight method and deeper soundings by the white-light method. An
i mpact oscillator was used as a sound source for the red-light method
and a small Fessenden type oscillator operating on a 540-cycle alter-
nating current supply was used for the white-light nethod. The mcro-
phones were | ocated at a distance of 16.8 neters forward of the oscil-
lator in sealed water tanks having the steel skin of the submarine as
one si de.

Qperating conditions were unfavorabl e and, as was expected, the
NAUTI LUS proved to be a "noisy" ship. The contributing conditions
were as follows: (1) The steel construction of the vessel; (2) the
extensive electrical power systemhaving old wiring and consequently
poor insulation; (3) the dripping wet interior conditions caused by
condensation of nmoisture on the cold walls of the subrmarine; (4) the
frequent occurrence of grounds and shorts in spite of the creditable
vigilance and diligence of the electrical force; (5) the scraping of
ice against the hull; (6) insecure stowage of small stores near the
m crophone tanks; and (7) occasional noises fromthe conparatively
| oose tow ng pennant.

Noise limted the sounding range to a depth of about 3500 neters.
Thi s range m ght have been greater in quiet water; certainly it was
less in the heavy weat her encountered away fromthe ice. Noise and
the resulting inability of the observer to distinguish the echo con-
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stituted the nost inportant single iteminterrupting the sounding
program ly one other najor interruption occurred. Through sone
oversight, the port nicrophone tank had been filled with fresh water
when it was installed. As the submarine cooled off, the freezing
poi nt was reached and passed, and the m crophones were inprisoned in
solid ice. Several hours were required to free themw thout the use
of injurious force and to refill the tank with salt water.

Conpl ete calibration of the fathometer before our departure from
Ber gen was not deened advi sabl e because of the press of other duties.
However, it was desirable to deternine which reed of the frequency
net er corresponded nost nearly to a velocity of 1450 neters per sec-
ond and to synchronize on this reed during all soundings. According-
Iy, a short series was taken in Bergen on August 3, 1931, in which
the tine of 190 revolutions of the white light (500 fathons depth per
revol ution) was neasured with a pocket chrononeter.

Wth the mddle reed vibrating at maxi numanplitude the nean of
three observations of the time of 190 revol utions gave 236.5 seconds,
corresponding to a velocity of about 1469 neters per second. Wth
the reed next to the mddle onthe left vibrating at maxi mumanpli -
tude the mean of three observations of the tine of 190 revol utions
gave 239.2 seconds, corresponding to a velocity of about 1453 neters
per second.

These measurenents were rough but of sufficient accuracy to in-
dicate that the reed next to the nmiddle on the left should be used in
all soundings in order to make the work of correction a mni mum

Subsequently, in the field (Septenber 5, 1931) a nore thorough
calibration was made. A Longi nes stop-watch reading to one-fiftieth
second was conpared agai nst a Nardi n chrononeter having a negligible
rate, for five periods of 4 minutes each. The stop-watch readi ngs were
0.50, 0.64, 0.55, 0.56, and 0.66 second, respectively, in excess of
four m nutes; thus the mean stop-watch interval corresponding to four
mnutes on the accurate Nardi n chrononeter was 240. 58 seconds, whence
to obtain true time intervals the results obtai ned by the Longi nes
stop-wat ch must be multiplied by the factor 0.9976.

A series of seven observations of the tinme of 190 revol utions of
the white light was then taken with the Longi nes watch and resul ted
as follows: 240.54, 240.04, 240.24, 239.81, 239.57, 239.47, and 240. 17
seconds. The mean of these is 239.98 seconds on the stopwatch or true
tine interval is 239.98 x 0.9976 = 239.40 seconds, corresponding to a
velocity of 1451.4 meters per second. Tables of correction factors
nmade out on the basis of an assuned vel ocity of 1450 meters per second
needed, therefore, to be multiplied by a factor of 0.9990 before they
could be applied to these soundings. However, as the correction fac-
tors do not depart nmuch fromunity, it was sufficiently accurate to
subtract 0.0010 fromthem Citicismmy be made that this represents
an unnecessary and insignificant refinement. Nevertheless, all deter-
m nabl e corrections have been carried through to the finally reduced
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dept hs whi ch have then been qualified with the uncertainty of the
val ue.

Tabl es of correction factors representing the rati o between the
true sounding velocity at any depth and the assuned velocity of 1450
neters per second were prepared from observed tenperat ures and sal i n-
ities in accordance with the procedure described in a paper by Soul e
and Ennis? and based on the British Adniralty Hydrographi c Depart nent
Publication No. 282 entitled "Tables of the Velocity of Sound in Pure
Water and Sea Water for Use in Echo-Sounding and Sound-Banging." SiXx
such tables of correction factors were prepared fromobservations of
tenperature and salinity made on the NAUTILUS, and a seventh table
fromunpubl i shed observations made on the FRAMin 1923 and supplied
through the courtesy of Professor Bj6rn Hel | and- Hansen, of Det
CGeof ysiske Institutt of Bergen, Norway.

Because of the location of oscillator and m crophones, a constant
correction of 5 nmeters has been added to all soundings for draft. The
hori zontal separation of the oscillator and m crophones bei ng 16. 8
nmeters, it can be shown that the error in assumng the transmtted and
reflected sound paths to be identically vertical amounts to | ess than
one nmeter for all soundings greater than 35 neters plus draft or 40
nmeters. As the shallowest sounding listed is 51 neters, no correction
has been applied. The uncertainty of observation was £ 2 meters in
red-light nethod and £ 10 neters in the white-light nmethod. On sev-
eral occasions nore than one observer participated in a single sound-
ing without revealing discrepancies greater than these limts. It is
therefore considered probabl e that anong our four observers, errors in
coordi nating sound and sight were within the above linits.

As the accuracy of speed control of the rotating |ight was about
/2 per cent, the uncertainty in the depths is considered to be as
follows:. Wite-light method + I/2 per cent or + 10 neters whi chever
is greater; red-light nethod + 2 neters.

e, TS e et s e T e e e ase s e e v Gm mew e s e Rem e Sens S e G e eem SR S e e arm e

D'F. M Soule and C C Enni s, Sonic depth-finding on the CARNEG E,
Quise VI, Trans. Amer. Geophys. Union, 11th annual neeting, 264-274

A A A A A

NEW W RELESS SOUNDI NG APPARATUS
From"Nautical Gazette", My 28, 1932

The Deutsche Betriebsgesel | schaft fuer drahtlose Tel egraphie
(German Wrel ess Tel egraph Conpany) recently installed a new wirel ess
sounding apparatus in the steamtraw er FLADENGRUND. Thi s appar at us
functions through the quality of a stone crystal, particularly a quartz
crystal, by transformng electrical inpulses into mechanical vibra-
tions and vice versa. It is claimed that the apparatus is conpletely
silent and autonatic when set in operation. * * * * * * %
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W RELESS LONG TUDE CBSERVATIONS INMD-PAC FIC

E. O Heaton, H &G Engineer, U S C &G Survey

During the nonth of August, 1931, observations for second order
| ongi tude were made on Lisianski Island, Territory of Hawaii, | ocated
inlatitude 26° 04' 03.88", and longitude 173° 58" 09, 48". Fromthese
observations it was determned that the charted position of the island
was about three niles south and one nile west of the true position.

The observations were nmade with a Troughton-S mrs direction theod-
olite having a 10-inch horizontal circle and a vertical circle which
could be read to 10 seconds. The telescope was fitted with an el even
line glass diaphragmfor observations by the key method. A special key
was furnished by the office to be used in connection with the chrono-
graph for recording the neridian star passages. Time signals were re-
corded on the chronograph by the audio-visual method and a correction
for personal equation was applied to the results.

An R C A short wave receiver No. AR 1145 was used with an aerial
consisting of 100 feet of wire attached to the radio tent at one end
and to a pol e about 25 feet high at the other.

Lisianski Island is approxinately 5,500 nmiles west fromArlington,
"Mirginia, but no difficulty whatever was experienced in receiving the
tine signal fromthe Arlington station. This signal was used for |ong-
itude four successive nights, but was also received twice daily for
six additional days when weat her conditions were too poor for making
astronom c observations. The day the equi pment was installed the ear-
phones were pl aced on the chronograph table and the signal was |oud
enough so that it could be heard distinctly at any place in the 8 x
10" tent which housed it.

The observations were taken on four consecutive nights and con-
sisted of neridian passages of 20 stars each night. n each night two
hal f sets with clanp east and west were observed before the time signal
was received and the same nunber afterward. The summation of A factors

was kept bel ow unity.

The results for the four nights are listed bel ow

August 23 [lh 35m 52.72s or 173° 58 10.83
24 52.50 07.50

25 52.74 11. 14

26 52. 56 08. 43

Mean 52. 63 09. 48

Fromthe above it will be seen that the maxi rumvariation fromthe
nmean was 0.13s in tine. These results do not include the lag of the
radio signal at Arlington, because they have not yet been received in

the field.
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NEWMETHCD OF MEASUR NG FI RST CRDER BASES

C L Grner, H &G Engineer, US C &G Survey

The use of railroad tangents for the nmeasurenent of first-order
bases has been in practice for a considerable tine. On ng, however,
to the nore recent extension of triangulation into nore |evel and,
frequently, highly devel oped country, the location of bases al ong
rail roads and hi ghways has becone al nost the rule rather than the ex-
ception. Coviously the reason for using railroad rights of way is
in order to secure a straight alignment where there will be no obstruc-
tions throughout the length of the base and al so where the difficul-
ties of entering into nunmerous areas of private property and of re-
sulting controversies with the owners of the property may be avoi ded.

The mai n problemin this connection has been to deternine the
nmeans wher eby nmeasurenents along railroads may be nade nost accurately
and economcally. It will be recalled that, previous to the devel op-
ment of the Bilby steel triangulation tower, it was considered that
hori zontal control could be extended over flat wooded areas only by
traverse along hi ghways or railroads, and in the extension of this
traverse it was custonary to make neasurenents with invar tapes sup-
ported throughout on a rail of the railroad track when the measure-
ments were nade along a straight line. There is a serious objection,
however, to regular neasurenents of first-order bases over the rai
with the tape supported throughout, as the adhesion of the tape to the
rail under changing condition of tenperature and noisture is uncertain.
Furthermore, the uncertainty of tenperatures is considerably nore
under such conditions than where the tape is entirely free of the rail.

Mbst railroad tangents are particularly adapted to base neasure-
ments as the alignment is sufficiently accurate or the necessary cor-
rections for lack of alignment either horizontally or vertically can
be determned with a reasonably smal|l anmount of work. Due, however,
to slippage of the rail, caused by changing tenperature and passing
trains, and to the causes nentioned in the precedi ng paragraph, nost
of such bases in recent years have been neasured over stakes set at the
side of the track. Setting stakes usually consurmes from?25 to 40 per
cent of the parties' tine while engaged on any one base, and it was
therefore desired to devise a means whereby neasurenents coul d be nade
with the tape supported above the rail, thus saving the time of set-
ting stakes.

More than a year ago the Chief, D vision of Geodesy, suggested
that neasurements nmight be nade over the rail of a railroad by sup-
porting the tape at four points, nanely, the 0, 12-1/2, 37-1/2 and 50
nmeter points, in such manner that no point of the tape, except the two
ends, would cone in contact with the rail. This nethod was first
tested on a section one kilometer long of the Shreveport, La., Base in
April, 1921, with a single tape as fol | ows:

(1) Three neasurenents were nmade over st akes.
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(2) Four measurenents were nmade over the rail using the so-
called four-support nethod with the 0 and 50 meter points of
the tape in contact with the rail, but with the 12-1/2 and
37-1/2 meter points elevated 0.5 ft. above therail (this a-
nount was found by experience to be sufficiently high for all
invar tapes to clear the rail by at |least one-quarter of an
i nch even over vertical curves).

(3) Two measurenments with the tape supported throughout on
the rail.

The points on the rail between whi ch neasurenments were nade (cor-
responding to the kilometer points on the stakes), were deternined by
accurately centering the 7-inch repeating theodolite over the nmark on
t he stakes and turning off angles of 90° fromthe opposite ends of
the section. The points on the rail thus | ocated were narked and a
nunber of repetitions of the 90° angl es were nmade, using different
parts of the theodolite circle. None of these differed in position
nore than 0.3 mllineter.

The inclination correction for the measurenent over stakes was
applied in the usual manner fromthe differences in elevation of the
stakes, as determined with a we level. The inclination correction
for measurerents over and on the rail were deternmined fromlevel s
taken at each of the tape ends, it being assuned that the rail forned
a straight line vertically between the tape ends.

It iswell toremark here that in nmaking these neasurenents every
possi bl e precaution was taken against errors due to slippage of the
rail, caused by tenperature or by passing trains. This was acconplish-
ed at the section ends by setting two stakes on each side of the bot-
tomflange of the rail at a height convenient for nailing on copper

strips used in making contact marks on the strip andrail. These
stakes were set in between the ties, and by using the nmean val ue of
the four it is believed that a very accurate val ue was obtained. In

this systemof neasuring it is inpossible, of course, to take care

of a slip of the rail caused by tenperature changes during the actua
neasur erment fromone section point to another. It is realized that
for any individual tape |length, or snall nunber of tape |engths, sone
error mght result. Wen considered, however, for the neasurenent of
an entire base, which on the average is about ten kil oneters | ong,
such errors undoubtedly tend to cancel each other and the total accu-
mul ati on shoul d be very snal |.

The length of the section as deternmined by the four point method
of support over the rail was 0.57 mm, or 1 part in 1,750,000 shorter
than that determned by the three point support over stakes, using
st andar di zati on val ues for each method of support as deternined at the
Bureau of Standards. This is well withinthe limt specified in
Speci al Publication No. 120 for first-order bases, but is not as close
an agreenent as had been expected in the field. This difference prob-
ably is explained to sone extent by the fact that the tape broke at
the Bureau of Standards just before standardi zation, which nmade it
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necessary to use the value of the previous standardization about one
year ol d.

Under these conditions and with the results obtained it seened
that the neasurement of a base line over the railroad rail by using
the four-point nethod of support was entirely reliable for the
neasurenent of first-order bases, and recommendati on was nade to the
Drector that this nethod be tried, at least for a tinme, on the
nmeasur enent of bases along standard railroad tracks where the rail
is in good condition and alignment. This recommendati on was approved
and railroad bases have since been measured in this manner.

Incident to this nethod of nmeasuring over a railroad rail, at-
tention should be called to the fact that the catenary of nost of the
invar tapes is such that, were the rail straight between the ends of
the tape, 5-1/2" would be a height sufficient to bring the center of
the tape tangent to and just slightly above the rail. To take care
of vertical curves on the railroad and al so the difference in nass
of the various tapes, however, it was necessary to raise the supports
at the 12-1/2 and 37-1/2 neter points 6" above the rail. Under these
conditions, no case was found where the center of the tape was nearer
the rail than 1/4". 1t should al so be explained that since the bal -
ances have a drawbar with a vertical di nension of about 1", and be-
cause of the 12-1/2 and 37-1/2 meter points being raised hi gher than
necessary under average conditions to bring the center of the tape
tangent to the rail, the O and 50 neter poi nts, when under proper
tension, were an average of about 3/4 of an inch above the rail. It
was therefore necessary to press the tape dow to the rail in order
to make contact. Recently a ballbearing roller with a snall handl e
for use by the forward contact man has been made in this office for
the purpose of pressing the tape down to the rail and avoi di ng any
errors in the tension throughout the tape.

It will be recalled that during the years of 1917-1920, when a
| arge amount of traverse along railroads was being executed, contact
marks were nmade directly on the rail by means of a glass cutter.
Consi derabl e question as to the accuracy obtained by this nethod has
arisen. Due to the fact that the cutting edge of this instrument is
a wheel and cannot be brought flush with the tape contact mark, it
is possible for parallax to be introduced. Al so the horizontal play
in the wheel introduces nore inaccuracy in the marking. There is also
sone injury to the tape when using glass cutters as the cutting
wheel frequently comes in contact with the edge of the tape.

During this work contact was obtained by the use of adhesive
tape and strips of fairly heavy paper. The tape, which had adhesive
matter on both sides, was pressed down on the rail and the strip of
paper pasted on top of it. The thickness of the two about equalled
the thickness of the invar tape and the contact marks were nmade with
a pair of dividers, a needle, or a hard pencil, the suitability de-
pendi ng on the sharpness of the point and the hardness of the paper.
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(bj ections to this systemare that it requires slightly nore time
and the passing of a train obliterates the nmarks.

On the nmeasurenment of the Ashdown Base, the first full base
nmeasured by the newnethod, there were only two section marks at
which the slippage of the rail between neasurenents could not be de-
termned with entire satisfaction. One of these was nuch worse than
the other and, while on a straight track, appeared to be caused by
a sidewi se nmotion of the rail due to passing trains. At this one
pl ace the novenents as recorded on the four different stakes were
not consistent, but the differences were of the order of 2.5 mlli-
meters, which is certainly inconsiderable for the base as a whol e.
Incidentally it shoul d be nmentioned that such a difference does not
enter into the actual length of the base itself, but nmerely in the
agreenents of the neasures of the two sections on either side of the
mark. For this reason it is considered uninportant. A condition of
this nature could not occur at the ends of a base as extra heavy
stakes are set by the rail at end offset stations to obviate this
questi on.

In the matter of leveling at the tape ends on the rail, it was
found that an efficient leveling party, consisting of an observer
and one or two nmen, can level along the track as rapidly as the tap-
ing party can nake one neasurenent. Wen there is sufficient per-
sonnel, therefore, the I eveling and angl e neasuremnments can be nade
while the taping is done and a base can be nmeasured at an average
progress of from2 to 3 mles per day of conpleted line. Wth a
limted personnel, all of whomare required on the tape neasurenents,
the best procedure is for the taping party to measure the base and
then divide up into units for doing the leveling and angl e neasures-
nents.

St andar d base measuring apparatus was used, except that the
12-1/2 and 37-1/2 meter supports were 2" ballbearing brass rollers
suspended froma universal joint 8" above the bearing in order that
the entire roller would swing as a pendul umand thus avoid any errors
of tension.
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SPEC AL FI SH NG CHARTS OF (ECRGES BANK
E. H Kirsch, JrrH &G Engineer, US C &G Survey

To the shipping industry, Georges Bank is wi dely known because
it lies in the principal steanship track between New York and Eur ope.
To the fishing industry, it is just as wi dely known because it hap-
pens to be one of the world' s nost inportant fishing banks. There-
fore, the Coast and Geodetic Survey, in nmaking detailed surveys of
this region for the purpose of constructing nodern charts, has
"killed two birds with one stone."

However, while the basic data obtai ned on these surveys serve a
doubl e purpose, the nautical charts constructed therefromare | ack-
ing in some details desired by the fishermen. To neet their needs
the Bureau has undertaken the construction of two special fishing
charts of the Bank and adjacent waters. The witer was assigned the
duty of constructing one of these, and it is the purpose of this
article to present sone of the special features to be shown, as well
as some of the problens involved in showng them For, inreality,
what the fishermen actually want is sonmething that conbines all the
advantages peculiar to both large and small scale charts, and it has
been found that conplying with their desires is not such a sinple
matter.

Sone of the specifications and desirable special features sug-
gested by the Massachusetts Fisheries Association in the interest of
t he fishermen were:

(a) All of Georges Bank to be shown on two charts on a scal e
bet ween 1: 200, 000 and 1: 300, 000.
(b) Show nore soundings than are ordinarily shown on a navi ga-

tional chart.
(c) Showthe 10, 20, 30, 50, 100 and 130 fat homdepth curves.

(d) Show magnetic courses fromPeaked H Il Bar Gas and Wistling
Buoy (three mles north of Cape Cod) to various sections of the Bank.

(e) Show magnetic bearings, in points, fromthe radi o conpass
stations available for use in this region.

(f) Increase the nunber of bottom characteristics.

The scale of 1:220,000 was selected for the two conpani on charts.
This is the maxi mumscale that will permt inclusion of the entire
area as defined by the 100 fathomcurve, while at the sane time
allowsufficient overlap of the two charts to show the dangerous
CGeorges Shoal on each of them The nore easterly of the two enbraces,
in general, the area surveyed during the 1930 and 1931 seasons. The
surveys of the present season will fall, for the nost part, in the
area enbraced by the westerly chart,

Inside the thirty fathomcurve, where the bottomis very irreg-
ul ar, soundi ngs were sel ected as cl ose together as possible, con-
sistent with clearness and legibility. Fisherman are particularly
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desirous of a know edge of existing |unps and hol es when setting their
traw s which are often badly damaged, and sonetines conpletely de-
stroyed, on this extrenely broken bottom Qutside the thirty fathom
curve, where the bottomis nore regular, the soundi ngs were opened

up somewhat, but are plotted with sufficient intensity to pernit the
delineation of all depth curves. A considerable nunber of the traw
lers are now equi pped with Fathoneters and in the future will un-
doubtedly use themto advantage in fixing their position on the Bank.
Al bottomcharacteristics available were shown and it is not unlike-
Iy that fishermen will supplenent these fromtheir own findings.

As the two charts enbrace areas well offshore and far renoved
fromPeaked H || Bar Buoy, the desired nagnetic courses fromthis
buoy were plotted, by transfer, fromcourses plotted on chart 1107.
These are shown in red for every half point fromEast to South, the
vari ation used being the mean between that at the buoy and that a-
long the central neridian of the new chart.

A distance arc, 155 mles fromthe buoy, is also shown. As a
distance arc is not a circle on a Mercator Projection, the curve rep-
resenting this arc was drawn on a Lanbert Projection constructed on
a scale small enough (1:500,000) to pernit show ng both the buoy and
the area in question. The curve was then plotted on the new chart
after transferring numerous points along it fromthe arc on the
Lanbert Projection.

The representation of radi o bearings presented the nmost difficult
problem Very few of the fishing vessels are equipped with radio com
passes, but they make considerabl e use of the true radi o bearings
furni shed them fromshore stations. The request had been nade t hat
radi o bearings be shown by lines drawn across the chart, at one point
intervals, fromeach of five stations. This representation was tried
on a prelimnary layout but it was very soon apparent that the multi-
plicity of lines would be very confusing. Several other methods were
tried and rejected largely because in each case they detracted from
the clearness of other inportant features.

The foll owing met hod whi ch is shown on the acconpanying pl ate
was finally adopted: Five narrow borders, each representing a sep-
arate shore radio direction finder station, are shown around the out-
side limts of the chart and on these are indicated by dashes, and in
units of one degree, the true directions fromthe respective stations.

To determine the directions, as indicated by the dashes, the
various radio shore stations were plotted on the Lanbert Projection,
previously referred to, and fromeach of these true bearings were
plotted with a protractor across the area enbraced by the new chart.
The points at which these intersected the various border lines - al so
plotted on the Lanbert Projection - were then transferred to the cor-
respondi ng borders on the new chart.

Bearings obtai ned fromshore stations are to be plotted as re-
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ceived. Wiile the chart is on the Mercator Projection no Mercatori al
corrections will have to be applied, since these have been taken care
of by transfer of bearings fromthe Lanbert Projection. There is a
small error due to the fact that a line of bearing is a great circle,
but inthe width of the chart this error is negligible in conparison
to the probable error of the bearing received. In plotting a bear-
ing, dashes on two opposite or adjacent borders nmust be used rather
t han one dash and the conpass rose, since the radio bearing of 90°,
for exanmple, will not correspond to the sane bearing by the conpass

rose.

Five different shades of blue will be used to indicate the var-
i ous areas between depth curves, ranging fromdark bl ue for depths
under 10 fathons to light blue for depths greater than 100 fat hons.
Qurrent diagrans sinilar to those on chart 1107 will be shown.

In addition to its useful ness to New Engl and fishernen, it is
bel i eved that, on account of its conparatively |arge scale, the chart
will be found useful to mariners, particularly to those on the New

York - Halifax run.
FARAFAAFEFAHFARAAA
FI SH NG HARDSH PS ON GECRGES BANK

Extracts from"Wat's East of Nantucket ?"
by. W A Elison, Jr., "Fishing Gazette", Feb., 1932.

W don't know how | ong Georges Bank to the eastward of the Chan-
nel has lent itself to commercial fisheries, but it is quite probable
that the adventurous Portuguese, who established in 1530 their fish-
ing village on Sable Island, cane on to the south and west and knew

alittle of Georges Bank. * * * * * x x

Hundreds of |ives have been | ost out there, unimaginable suffer-
ing and hardshi ps have been endured that the industry mght growto
its present proportions, that nmen m ght have food and wealth. Kipling
and Connel |y have nade fanmous the sail carriers and the nmen who have
toiled on them The trawer lends itself not so easily to ronantic
colors, but sone day one who can wite will tell the story of these
traw er nen and their trials and hardshi ps.

% ok %k sk ok ok k ok k ok ok ¥k

There's the linmestone bottomnorth of 41 and the |imestone bottom
west of 66. They are spots on the banks that will be recogni zed just
as certainly by fishing skippers as New York, Oeveland or Boston woul d
be recogni zed by a traffic nmanager. There are spots out there which
are peculiar. There is a place known as the Spiders and anot her known
as the Geen bottom There's the Big Mbss on the Northern ri m of
CGeorges, the Little Moss east of 66° |ongitude and John Hal |'s noss
south of 41° latitude. There's that awful nacaroni, the white and the
bl ack ki nds. They usually steer clear of that stuff for it fills the
net with dead weight and has to be shovel ed over the side. It consists
of the tubes of sea worns and it | ooks, for all the world, |ike macaroni.
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USE OF RANGE- FI NDERS FCR HYDROGRAPH C SURVEYI NG
() W E. Parker, E. &G Engineer, US C &G Survey

Last summer there were issued to the Georges Bank surveying fleet
three Barr and Stroud one meter navigational range-finders. One was
issued early in the season to test its value in fixing the position of
an R AR receiving ship and its trailing hydrophone with reference to
the station buoy near which the ship was anchored. The range-finder
was borrowed by one of the sounding ships and was found to be so useful
for other purposes that two additional instrunents were issued to the

fleet.

DESCRI PTION:  This range-finder consists of a tube about 2 inches
in dianmeter (3 inches at the ends) and about 43 inches |ong. Wndows
in the tube, one near each end, adnmit views of any object in the plane
cutting the two wi ndows and normal to their surfaces, which views are
reflected to the center of the tube and can be brought into contact by
turning a mlled head screw on the under side of the tube. On the top
of the tube, at its mddle length, are two eye pieces, the right hand
one for viewing the reflected imges and the |eft for reading a scale
of distances. This scale noves with the sliding of the wedge which
brings the two inmages into contact and indicates the distance to the
obj ect when the two images of it are in contact. The scale is cali-
brated in yards from 250 yards to 20,000 yards and is illuninated by
means of a window in the tube.

The range-finder can be supported on a braced netal tripod stand
the feet of which clamp into foot plates screwed into the ship's deck
The range-finder fits into sleeves on the top of the stand, which clanp
around the tube but permit it to be rotated in a vertical plane as de-
sired. This noverment is controlled by a handle attached to the tube
to the left of the eyepieces. The handle, a short stick of wood, trav-
els over a curved guard on the stand, which assists the hand in making,
a small nmovement of the tube. Rotation in a horizontal plane is pro-
vided by a free novement of the top of the stand which is secured to
the tripod head by a vertical pin, free to nove in the latter unless
clamped. To the rotating part of the head is secured a curved body rest
whi ch pernits the observer to steady hinself against the roll and pitch
of the ship and keep the range-finder on the desired object.

The range-finder may al so be supported by a harness which fits on-
to the observer and transfers the weight of the instrunent to his
shoul ders. This is useful when it is necessary to nove the instrunent
fromplace to place to got a clear view, but it is rather more diffi-
cult to use the instrument in this way and measurenents are not |ikely
to be so accurate as when the instrunent is secured to the tripod stand

For observations at night on a light, there is an arrangenent
within the range-finder tube by which the rays of the light can be con-
verted into a vertical band of light. By this means better and nore
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definite contact can be made between the two reflections of a light,
such as produced by a lantern, than is possible with daylight objects
unl ess the object has a sharply defined, nearly vertical, straight
side or line.

The base line of this instrument is one neter in length. The
magni fication is 13.3 dianeters. The angular field is 3 degrees and
4 m nut es.

The calibration is as follows:

Intervals of 10 yards from 250 yards to 1,000 yards

" " 25 " " 1,000 " " 1 500 )
4] " 50 " " 1,500 * * 2 000 "
" " 100 » " 2,000 " " 5000 "
" " 500 " 5000 * ®10,000
" "5000 *n "10,000 " "20,000 *

The scale can be read easily by interpolation as follows:
To the nearest yard up to 500 yards

o " 2 " 1, 000

o " 5 " " "1500 "
v 10 " " " 2000 "
o 2 " " " 3000 "
o 50 * " " 5000 "

ACCURACY: Recently we have readjusted the range-finder and have
tested it on distances across water that were furnished by the LYDON A
triangul ation party in the vicinity of Norfolk. These distances
range from about 300 to 5,400 yards and are defined by suitabl e ob-
jects for observation by range-finders. As all distances were al -
nost entirely over water, the inmages were sharp and contacts coul d be
made wi th much nore certainty than during the earlier tests.

These tests show that the instrument is nore precise up to 2,000
yards than | had clained in the earlier report and that it is prob-
ably free fromsystenatic errors of any appreciabl e magni tude. Be-
yond that distance the errors increase in magnitude and are all of
the same sign, which seens to be due to errors of graduati on.

The accuracy of this instrument when in perfect adjustnent and
when used froma reasonably steady stand, over water, wth good visi-
bility, onwell defined objects appears to be as foll ows:

D stance Error of a single Error of the nean of
observati on 5 or 6 observations
1,000 yards 1%  of distance l ess than 1%
2,000 " 2% " " 1%
4,400 " 3%to 4% " 2%

5400 " 7%to 8% " 5%
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The tabl e bel ow shows the results of the |ast test.

Range Fi nder #2

From To Tr ue (bserved D st ance Mean RF
St a. St a. D st. Yds. E. B. E J.CT. Yds. Corrected
LEJ LEH 313 312 312 312 + 1
311 311
312 312%
LEC LED 451 447 447 448 + 3
450 448
447 447
LAF LAD 704 703 707 704 0
703 701
704 703
LAC LAD 1063 1055 1060 1062 -1
1060 1065
1070 1062
LAB SAND 1167 1162 1150 1153 + 14
1150 1140
1165 1150
LAB LAF 1485 1450 1500 1470 + 15
1450 1485
1455 1475
1475
LAB LAD 1916 1880 1900 1893 + 23
1910 1890
1870 1910
BAC L.H 2107 2150 2120 2133 - 25
2140 2130
2140 2120
BAB L.H 2556 2495 2510 2494 + 62
2520 2500
2460 2500
2480 2490
2490
GRAIN Tank 4417 4300 4390 4344 + 73
4350 4300
4380 4350
4280 4400
GRAIN L. H 5411 5150 5100 5131 +280
5200 5000
5250 5250

4900 5200
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USES

(1) For Location of Hydrophone*- The position of an RAR
station ship and of its trailing hydrophone are determ ned by observ-
ing fromthe ship the distance and direction to the station buoy and
then the distance and direction to the buoy which supports the hydro-
phone. The position of the station buoy anchor is known and the pos-
ition of the buoy is deternmined by the direction of the current and
scope of the buoy anchor cabl e.

Bef ore range-finders were received, the distances were deter-
mned in one of two ways as follows: (1) by depression angle or (2)
by sextant triangulation on the buoy fromtwo ends of a base l|ine
neasured on deck. The first nethod gave good enough results for
short di stances when the horizon coul d be seen, but was usel ess dur-
ing fog or after darkness and gave uncertain results during |ow vis-
ibility. The second method was not so good when the direction to
the buoy nmade a snall angle with the keel |ine.

The range-finder gave a neans for getting the distance at any
tine when fog was not so dense as to shut out the buoy continuously,
a condition extrenely dangerous for hydrography where there is any
shi pping. When working at night a lantern was hung on the buoy. It
woul d have served our needs better had the range-finder been con-
structed to neasure di stances down to 100 yards as it i s desirabl e t hat
the receiving ship anchor as close as possible to the station buoy.
The limting range of 250 yards of this instrument nmakes it neces-
sary to anchor at an excessive distance fromthe buoy in order that
under no condition of swinging the ship and buoy will approach cl oser
than that distance. It is believed that the greater the distance is
bet ween ship and buoy the nore likelihood there is for large errors
in neasuring the distance between station buoys and the distances to
soundi ng positions. Finally, it would have been better had the
range-finder been calibrated in nmeters, thus avoiding a newunit of
neasure in our records or the necessity of converting observations
to the metric system

(2) For Surveying - Subaqueous sound ranging is not satis-
factory when the distance is | ess than about 1500 neters, for the
recordi ng device has only a second or less to recover fromthe ex-
pl osi on before the radio report fromthe hydrophone station arrives,
and during that time the recordi ng apparatus nust be shifted from
the ship's hydrophone circuit to the radio receiving system Conse-
quently, it is necessary to have sone other means for getting the
position of soundings while the surveying ship is in the proxinty of
the hydrophone station. The range-finder, in conjunctionwth the
ship's conpass, furnishes this nmeans adnirably. As stated above,
the error of a range-finder neasured distance of 2,000 yards or |ess
is not likely to exceed 3% of the distance, especially when nmeasured
* See "Relating Magnet ophone to Buoy Anchor on R A R Buoy Control
Hydrography", G D. Cowie and F. A Riddell, Field Engineers Bulletin,

Decenber, 1931, page 15.
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over the water, and distances of this degree of precision when plotted
al ong good conpass bearings should give fixes sufficiently accurate
for most work for which RAR is acceptable.

In RAR work, such as was done on Georges Bank, it frequently
happens that one receiving ship fails to report a bonb, due to a tem
porary di sarrangerment of its receiving or sending gear or to the fact
that an intervening shoal interferes with the free passage of the com
pressi on wave; sonetimes both ships fail. At such tines the range-
finder and conpass save the situation, if one of the receiving ships
is in sight and not too distant, and enabl e the surveyor to continue
the line with sufficient control until the sound ranging can be re-
suned.

When devel opi ng the shal l ow (except the very shal l onest) and bro-
ken bottomarea of Georges Bank, it was found nost convenient to oper-
ate the two sounding ships as one unit. e ship onlyused RAR for
control and the other ship followed beside the first at a distance
equal to the required line spacing. This distance was nai ntai ned by
neans of a range-finder. The follow ng ship heard, by neans of its
radi o, the bonb signal, given at the instant the bonb was dropped, and
at that instant got a fix by neans of a bearing and distance to the
bonbing ship. Its line of position was then plotted fromthe line
of position of the bonbi ng ship.

CONCLUSION | believe a range-finder is a nmost useful instrunent
on a surveying ship and that many uses will be found for it other than
t hose described herein. M experience with it has been linited to
di stances not in excess of 2,000 yards and, accordingly, | think of it
as a surveying instrument only to that distance. It may be that its
range can be extended for some classes of work; it should be a val u-
able aid to navigation at much greater distances. |t would be very
useful for running surveys or reconnai ssances.

(I'') G D Cowie, H &G Engineer, US C &G Survey.

Early in the season a Barr and Strand one-rmeter range-finder was
received by the party on the LYDONIA for use in relating the magneto-
phone to the reference buoy, Georges Bank survey.

The range-finder was tested on a 300-yard base and it was found
that an observer could check this distance within two yards. Tests
at greater distances were not nade, as it was not intended to use it
on | ong di stances.

The finder is nounted either on a light tripod or carried on a
standard resting in a socket of a harness slung fromthe observer's
shoul ders. In either case, the finder can be swung horizontally or
rotated vertically. A small finder is nmounted near the eyepieces to
aidin picking up the observed object. e eyepiece is used for
sighting the object and for nmaking coi ncidence. The other is for
readi ng the range simultaneously.
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A cylindrical lense can be thrown into the line of sight by nov-
ing a small |ever and converts the inage of a point of light into a
bright vertical line. This allows a coincidence to be nmade at ni ght
with practically the sane ease as in daytime observing and with about

the sane accuracy.

e objective lens is rigidinits end of the tube of the finder,
the other can be noved (1) in order to nmake the finder read the cor-
rect range, (2) in order to correct the coincidence feature, i.e., so
that the optical inmages appear as in sextant mrrors properly adjust-
ed for parallelism These adjustnents are easily nade by neans of
gear wheel s noved by the observer's thunb.

The finder increases the accuracy of measuring the distance from
the bridge to the buoy over the depression angle nethod and can be
used when the latter could not be, i.e., when horizon is not visible.
It is as accurate as the nethod of determning the distance by two
sextant angl es neasured at the ends of a base line on the ship and
has the further advantage that it requires but one observer instead
of the two needed for the base |ine nethod.

It is particularly valuable on a snall vessel where height of eye
is snall (making poor distance by depression angl es) and where only
a short base |ine could be used.

This instrument mght find various uses in connection w th hydro-
graphi ¢ surveys, such as obtaining the distance off a buoy in a dead
reckoning run, in obtaining a fix by a single angle between two buoys
and a distance to one of them for use in running/traverse of a
small stream etc. It has been used in determning the distance be-
tween the HYDROGRAPHER and OCEANCRAPHER when bot h shi ps were runni ng
paral l el sounding |lines and only one of themwas getting positions by

RAR net hods.
1. Mgjor R L1. Brown, R E

(Extract froma paper read at the Enpire Surveyors' Conference,
July 15, 1931, on "ptical D stance Measurenents", as published

inthe Enpire Survey Review, London, April, 1932.)
(3)* Base at (bserver.

This group contains the constant—base coi nci dence range-finders.
These have been produced in considerable varieties for naval and m |l -
itary purposes, but their application to survey has not so far been
very extensive. The types which chiefly concern the surveyor are the
srmal ler portable nodels. O these, the Barr & Stroud 80 cm and 1
nmetre base instrunents are good exanples. These instrunents can be
* Parts (1) and (2) not reproduced here are: (1) Base at (bj ect and
Doubl e (oservations, such as the Hunter, Short Base Apparatus; (2)

Base at the (bject and Single (observations, such as the Beaman Arc.
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made up for surveying purposes to read in any units and with any m n-
imumscal e reading (whichwill be referred to | ater).

The great speed with which they can be operated is really very
remarkable. It is not too much to say that ranges can be read with
themas quickly as they can be estinated with the unai ded eye. By
the time you have summed up the situation, considered adjacent objects
and so on, the observation on the instrument has been taken. Designed
with the object of speed largely in view, for circunstances which
nmake the need of speed nore urgent even than they appear in survey,
these instruments have achi eved a notabl e success in this direction,
whi ch shoul d make them appeal to surveyors.

In stadimetry the subtended angle is fixed and the base increases
with the distance. The nmagnitude of the theoretical error therefore
varies wth the distances. Wth these instrunent's the base is fixed
and the subtended angle alters. The magnitude of the theoretica
error varies in this case with the square of the distance. The accu-
racy wth which coinci dence can be nade and the fact that the base
is horizontal and therefore elimnates, if not all, at |east the nost
consi derabl e portion of differential refraction, goes a long way to
nmake up for the theoretical disparity. This consideration, however,
nmakes it necessary to fix an upward limt to the ranges to be read,
according to the accuracy required. |In stadinetry this limt is auto-
matically supplied by the maxi numlength of the ranging-pole in use.
It can be achi eved autonmatically in the range-finder by not graduat-
ing the scale beyond a certain limt.

The length of the actual scal e upon which the graduations are en-
graved is limted for the various sizes of instrunent. In this case
it is about 6-1/2 inches, that is, between the mni mumscal e reading
and the infinity mark. The m ni numscal e readi ng can be fixed at
any definite amount to suit the purposes for which the instrument is
required. The di stance between unit divisions, however, is very
large towards the | ower end of the scale and di mnishes |In progres-
sionrapidly as the scale reading increases. This neans that any ad-
ditionto the scale at the |l ower end, i.e. a reduced ni ni numreadi ng,
takes up a very large portion of the allotted 6-1/2 inches and great-
Iy reduces the space available for the higher graduations and conse-
quently reduces the accuracy w th which they can be used.

The following table gives the scale reading in yards, at fixed
points along the scale, of instrunents with different "nini numread-

i ngs" :

: Pistance along the scale

Minimum .

reading . 1in Ln 3in adn 51n Gn
250 yds.: 388,00 : 406.85 : 541.6 . 8l2.5 . 1625 . 3280
150 @ 195.00 243.75 325.6 487.5  975.0 1950

116 »* ; 143.00 178.75 238.,3 3D7.5 715.0 1430
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This tabl e shows how t he accuracy of the higher readings nmust be
sacrificed to obtain a | ower mninmumreading. |mediately above 325
yds., 1in. of scale represents 80, 160, and 350 yds. respectively
as the "mni mumreadi ng" is reduced.

Coi nci dence net hods of observing, even with the inverted-upper-
i mage systemwhich is usually enployed with those instruments and
which is tony mind the best for surveying, presuppose a fairly well -
defined object with clear shadows or edges. Though these shoul d be
as nearly vertical as possible, the base can be swung out of the hor-
izontal to make use of inclined marks. The astigmatizer, which was,
I think, first introduced for sighting upon lights at night, nakes
al nost any object a suitable sighting mark. It introduces a cylin-
drical lens into the optical systemwhich el ongates the images ver-
tically. Innearly all types of country suitable sighting objects
are surprisingly numerous; even in desert country they are by no
nmeans | acking. The astignatizer is operated vary sinply and can be
brought in or out of the system whilst the observation is being
made, by a sinple pressure of the thunb.

The followi ng table gives the approxi mate uncertainty of obser-
vation under favourable conditions. The probable error woul d be a-
bout hal f these val ues under these conditions, but it increases
rapidly with poor visibility and badly defined objects:

. Uncertainty of observations

Distance . 80 em. basc 1 m. base
¥ds. Yds. Yds.
500 l.2 = 1/4186 1.0 = 1/500
1000 4.7 = 1/213 2.8 = 1/263
2000 19 =1/105 15 =1/133
3000 43 = 1/67 34 =1/88
4000 76 = 1/53 8L = 1/66
5000 119 = 1/42 95 = 1/53
8000 171 =1/35 137 = 1/44
7000 87 = 1/37
8000 244 = 1/33

It is essential to check the coincidence adjustnment at frequent
intervals, as it is liable to be upset. This is a very sinple opera-
tion and can easily be carried out daily. Several devices, anount-
ing to artificial infinities, can be provided for this purpose.

e of the great advantages of those range-finders for the sur-
veyor is that the object ranged-on need not be visited either by the
surveyor or by a staff man. This results in a saving of |abour and
a further saving of time. The corresponding saving of noney depends
upon the price of those coomodities. As an auxiliary to plane-table
work they are certainly valuable, though their size and weight, as
conpared with other plane-tabl e accessories, do not, | think, warrant
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their being carried except where a | arge nunber of points have, ow ng
to the nature of the country, to be inserted by the measurenent of

di stances, or where labour is cheap and plentiful. For exploration
surveys they are undoubtedly of great value, and it is surprising
how accurately quite large distances can be masured with them They
m ght be a useful adjunct for triangulation reconnai ssance for rough
ranging and identification, particularly when this has to be under-
taken qui ckly, though the remarks about transport al so apply here.

An instrument with a lowmnimumrange is not suitable.

For certain types of traverse, where ordinary tapi ng nethods
cannot be enpl oyed, they sonetines afford a neans of executing the
work rapi dly which cannot be provided in any other way with the sane
degree of accuracy and speed. This is particularly noticeable in
rapid river traverses. These have often had to be undertaken in the
past by such neans of neasurenent as floating ropes and even by tim
ing the passage of a canoe over the leg of the traverse. The in-
evi tabl e i naccuraci es with such nmet hods need no conment. A traverse
of this nature can be carried out with a range-finder at an average
speed of 6 mles a day, and with a little care gives very consi stent
results, which are conparable with those obtainable on land with a
smal | stand-conpass and a steel tape. For this use of the range-
finders a ranging nark is necessary. A white cord suspended with a
wei ght at the end has given good results. An upper limt of range
has to be inposed according to the accuracy required, but there is no
difficulty about this on small rivers. The rub comes when the course
of the river necessitates a |leg shorter than the m ni mumrange of
the instrument. A buoyed rope, of this length and standardi zed wet,
is useful for this energency, if a special short-distance range-
finder cannot be carried.

A I A

FromA. S. CQutler, Professor of Railway Engineering
Uni versity of M nnesot a.

| have received the bulletin of June 1931 of the Associ ation of
Field Engineers, U S.CGS., for which | thank you.

| would like to be placed on your pernmanent mailing list, if you
have one, and would be glad to pay for the publication. The articles
are all very valuable and of great interest to anyone concerned with
the various types of surveys.

| amespecially pleased to find in your personal itens and roster
the names of several of our graduates; and to know of the progress
they are making in the organi zati on. Anong these nanmes, | find
Pagenhart, Mattison, Nel son, Bolstad, Aslakson, Lushene and Morri s.
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USE CF TELESCCPI C ALI DADE FOR GBTAI N NG BEAR NG5

W S. Parker, Commandi ng Shi p HYDROGRAPHER

Last summer there was issued to this shipa U S Navy type tele-
scopi ¢ alidade which carries the fol | ow ng mar ki ngs:
U S. NAVY BUR OF NAV
TELESCCPI C ALl DADE
INSPR RBT M 1 MDD 1 NO 152
U S. NAVAL GUN FACTCRY
WASH NGTQN, D. C 1931

This instrument consists of a plain, flanged, circular ring, sim
ilar to the usual type of azimuth circle ring, on which is supported
an erecting tel escope of about 3 power. The telescope is rigidy se-
cured to the ring by four substantial bowed | egs which are well braced
and securely screwed and pinned to the ring. There is a window in the
under side of the telescope through which an inage of about one inch
of that part of the pelorus repeater scale which is vertically bel ow
the tel escope can be reflected, by neans of prisns, into the field of
view of the telescope and just bel ow the object sighted upon. A verti-
cal lineinthe field of the telescope serves for directing the tel e-
scope on the object for which the bearing is desired and the inage of
the scale is reflected across this line. A short |evel tube is slung
under the telescope, at right angles with its axis and so that it is
reflected through the window to a position just under the inage of the
scal e and across the vertical |ine.

Two shade gl asses of different degree of density are provided for
use when sighting into the path of the sun. A prismattachment is in-
cluded for use in taking bearings on celestial bodies other than the
sun. The prismcan be rotated so as to reflect a body at any altitude
suitable for bearings. This attachment screws to the objective end of
the tel escope. A soft rubber eye shield fits over the eyepiece and is
very conveni ent when sighting into the path of the sun. Apparently
there are no adjustments possible in this instrunent other than to the
| evel tube.

This ship has also a Rtchie, Mark 111, prisnatic and open si ght
azimuth circle, designed especially for Sperry gyro pelorus repeaters
and Rtchie azimuth circle of the usual type issued to ships having
Navy Standard 7-1/2 inch magnetic conpasses. Both will fit our gyro
pel orus repeaters and either, dependi ng upon the preference of the
of ficer on watch, was used until the telescopic alidade arrived.

Wth either of those azimuth circles it is rather difficult to
read a bearing on a gyro repeater when sighting toward the sun or in
that general direction. And it was frequently necessary to nove the
head enough to introduce parallax. It is doubtful if bearings were
often obtained that were accurate to one degree.

Wth the telescopic alidade the scale and level are in viewat al
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times when sighting through the tel escope. Consequently, it is easy
to read the bearing even if the ship yaws, rolls and pitches so much
that the vertical wire can be held on the object only for an instant.
The | ow power telescope is a great help in finding and pointing on an
indistinct object. A bearing can be taken to the nearest half degree
when conditions are not too unfavorable, that is, with a noderate sea
and fair visibility. Under favorable conditions bearings are probably
accurate to one-half degree and possibly closer. Qear reflection of
a substantial strip of the scale (about one inch) reduces greatly the
chance of a mstake in reading a bearing.

Wth this instrunent it was frequently possible to get a good fix
by nmeans of a bearing and di stance, either RAR or range-finder, when
one or both bonbs failed to register because of nearly simltaneous
arrival of the wave at both hydrophones, failure of one hydrophone to
detect the wave, failure of radio to report it, or distance too short
for chronograph to recover fromthe expl osion.

Cf course, the accuracy clained for this alidade applies only to
its use with a gyro conpass repeater. On a magnetic conpass it woul d
indicate as precisely the conpass bearing at the instant of observa-
tion, but the conmpass m ght have swung off its steadying point at that
i nstant.

A A A A

Arerican Society of Gvil Engineers
New Yor k
January 8, 1932.
Captain R S. Patton
Washi ngton, D. C

Dear Captain Patton:

The copy of the "Bulletin" for Decenber, 1931, No. 4, which you
kindly sent to Society headquarters has come to ny desk. You are do-
ing a splendid piece of publication and in a uni que way.

In looking over this copy, it appears that many nmenbers of the
Soci ety woul d appreci ate obtaining copies as they are published, for
the many interesting itens contained init. |If copies are available
even in limted nunbers we would be glad to give sone publicity to
this effect in the February issue of QML ENG NEER NG

There is an article on page 40 by R R Lukens, M Am Soc. CE,
concerning the early attenpt to get the mapping of the Pacific Coast
under way which we would like to reprint in the February issue in the
departrment "ltens of Interest” - if this is agreeable to you and to
M. Lukens. * * * * % %

Wth best wishes for the continued success of the work of the
Associ ation of Field Engineers, | am
Very sincerely yours,

(Sgd.) Sydney WI not
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BY- PRODUCTS OF THE CHOMN R VER SURVEY

C A Egner, H &G Engineer, US C &G Survey.
"If youwill pardon ne, please, what is that tall tower for?"
"Part of the survey of the Chowan R ver."

"But listen, brother, tell ne just how you do that;
we are a long way fromthe river."
k% K sk % sk sk %k sk %k ok ok ok ok %k sk ok sk ok ook sk ¥ ok ok ok %k ok sk k Kk k- -k ok >k ok )k X

The above typi cal conversation, whether at Newsone Corners, at
Gatesville, or at Cannon Ferry, could be recorded al nost daily during
that period when parties of the NATOVA were hoi sting pieces of short-
| eaf pine skyward in building the triangulation scaffolds to contro
the Chowan Rver, N C, survey.

It may seemlike a far cry froma triangul ation station estab-
lished in the center of a county seat to a hand |l ead sounding in a
river mles distant, so these questions are never considered absurd.
They spring froma whol esome curiosity engendered by the sight of
building parties flying by truck here and there at places seemngly
illogical for the survey of a river. The reasons behind the question
"Wy is a tall wooden tower" go deeper into the general subject of
survey control than woul d appear on the surface. So it is a w se nan,
or a true diplonat, who can answer, or parry, such a question by a
sentence or two of explanation and |eave the interrogator satisfied.

THE BACKGROUND: Wen the state of Worth Carolina recently em
barked upon the anbitious programoutlined so well in M. Syne's
paper* before the Surveyi ng and Mappi ng Section of the AS.CE, it
was based upon a conception of control which has only |ately becomne
recogni zed as | ogi cal and econonical. This paper discusses the reason
behind this change in policy which, briefly stated, is that the pre-
vious systemof having a nultitude of separate datuns scattered over
his state, all assumed and uncorrel ated, is now considered wastefu
and that econony in the future will be gained by the establishment
of a rigid coomon basis for all surveying datuns throughout that com
nonweal t h.

To provide this basis there was needed a network of horizontal
and vertical control of the highest order of accuracy; this was to be
broken | ater "by a systemof secondary "bridge" schenes so that event-
ually the nost renote parts of the state woul d be within a reasonabl e
di stance of some rigid control stations, either of first or second
order. This phase of the North Carolina programtouches heavily upon
the Qoast and Geodetic Survey, which is the organi zation established
for the purpose of providing that needed basis franmework upon which
this state, or any other state, could erect such a structure.

* Page 23, this issue of the Bulletin.
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Al ready nuch has been acconplished; the Atlantic Coastal First
Order Arc crosses the eastern part of the state and soon the Virginia-
North Carolina Boundary Arc is to be conpleted. Many niles of pre-
cise levels are being added each week.

Parallel to this highest grade of control there are being in-
serted as occasion arises some of the secondary schemes. \When, as
part of its state-w de programfor the devel opnent of natural water-
ways, North Carolina recently requested a survey of the Chowan River,
the first consideration was for the accumul ati on of such data as would
provide a basis for a chart of this river, that is, for navigationa
pur poses.

The Chowan River is one of the principal tributaries of A benarle
Sound. In sone of its sections a beautiful streamwhere bluffs reach
the very banks, it is in others a desol ate nonotony of cypress swanp.
In these latter aspects it certainly is no joy for a surveyor to con-
tenplate. Surprisingly deep even to the very edge of the trees, there
is accordingly very little beach line. Above Holiday's Island, where
previ ous surveys had reached, the river narrows to a wi dth such that
any sort of an extended schene for control woul d becorme rapidy weak.
A weak chain of this sort would serve for the navigator for such a
depth has for years pernitted freight boats to ply their trade as far
as Murfreesboro both by day and by ni ght, though the upper portions
are entirely unlighted. But such a survey, inexpensive now, would
| eave nothing for the future. The control would, like a long, canti-
| ever beam bend of its own wei ght; and when the established points
far up the river were later used by sone surveyor accustomed to the
control of which M. Syne speaks —well, he would have a lot of em
barrassi ng questions to ask!

Wth conparatively little added expense and with an actual ulti-
mate saving, if long range considerations were given wei ght, there
could be instituted here something fitting into the general North
Carolina framework and at the sane time give the Coast Survey sone-
thing it could bank on in future work in this locality.

In 1931, to carry out the survey of the Port Royal Sound area in
South Carolina, the work was done in a manner terned "Coastal Trian-
gulation.” This had several distinctive features, which were describ-
ed in the June Bulletin of that year.

Among these were:
(1) Easy junction with an arc of a higher order.
(2) Coordination of existing work in the locality.
(3) Control for future aerial surveys.
(4) Provision for future expansion.
(5) Useful ness in hydrography and topography.

The Chowan River area presented a very simlar opportunity. It
so happens that this river |lies between two of the basic control arcs.
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These are the Atlantic Coastal Arc and the Virginia-North Carolina
Border Arc. It seened | ogical, therefore, that this project should

| ook beyond the point of view of the navigator and fit the survey
into the state systemby joining it north and south to these two prom
inent arcs. Wth this idea in mnd, the work was undertaken early in
the present year by the Coast Survey Ship NATOVA

I n many ways, a coastal control survey is simlar to what the
state of Worth Carolina desires, for the basic idea behind each tends
toward: (1) coordination of control, (2) permanence of established
poi nts, (3) usefulness, (4) provision for expansion. These are nearly
a repetition of the principles adopted on the coast of South Carolina
the year before.

So we cone back to the opening conversation and its |eadi ng ques-
tion: "Wy is a tall wooden triangul ation scaffol d?"

The obvi ous answer is to enable one station to be seen from
anot her over the tops of the trees, permtting observations which will
tie these points together. That, however, tells only part of the
story. Perhaps better than words can convey, the acconpanying prog-
ress sketch points out the essentials.

It is atypical layout of a coastal control scherme. It also in-
di cates the acconplished hydrography, topography and ot her conbi ned
operations dependent upon it. Since the idea behind the method is to
bind together and interrelate all of the parts so that they conpose a
rigidunit with not only all branches equally strong, but the accunu-
lation of error everywhere provided agai nst, a way nust be found to
step down fromthe main (second order) scheme at various points al ong
the river. Then finally it is necessary to put in a check at the up-
per end

Going into sorme detail, there nust first be a satisfactory start-
ing line. Fromthis the second order schene proceeds spanni ng, or
adj acent to, the contenporary operations. Manwhile, parallel to
this is set up a separate chain of third order work to provide the
i mredi ate control for the hydrography and topography. As the latter
becones weak it nust be tied in at intervals by a position check to
the second order scheme to give basis for adjustment, eliminating the
accunul ated di screpancy. These are somewhat simlar to sub-stations
on a poorer line; they put new "pep" into the system Then at the
upper end, a line check, whichis aline common to both schenes, or
stepped down fromthe second order work expressly for that purpose,
gi ves a check on position, length, and azimuth

THE PRACTI CAL PROBLEMS:  The difficulties encountered in carry-
ing out this work were nunerous:

Wil e there was the necessity always of selecting sites for the
second order stations that woul d satisfy the requirements of strength
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These are the Atlantic Coastal Arc and the Virginia-North Carolina
Border Arc. It seened | ogical, therefore, that this project should

| ook beyond the point of view of the navigator and fit the survey
into the state systemby joining it north and south to these two prom
inent arcs. Wth this idea in mnd, the work was undertaken early in
the present year by the Coast Survey Ship NATOVA
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poi nts, (3) usefulness, (4) provision for expansion. These are nearly
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So we cone back to the opening conversation and its |eadi ng ques-
tion: "Wy is a tall wooden triangul ation scaffol d?"

The obvi ous answer is to enable one station to be seen from
anot her over the tops of the trees, permtting observations which will
tie these points together. That, however, tells only part of the
story. Perhaps better than words can convey, the acconpanying prog-
ress sketch points out the essentials.

It is atypical layout of a coastal control scherme. It also in-
di cates the acconplished hydrography, topography and ot her conbi ned
operations dependent upon it. Since the idea behind the method is to
bind together and interrelate all of the parts so that they conpose a
rigidunit with not only all branches equally strong, but the accunu-
lation of error everywhere provided agai nst, a way nust be found to
step down fromthe main (second order) scheme at various points al ong
the river. Then finally it is necessary to put in a check at the up-
per end

Going into sorme detail, there nust first be a satisfactory start-
ing line. Fromthis the second order schene proceeds spanni ng, or
adj acent to, the contenporary operations. Manwhile, parallel to
this is set up a separate chain of third order work to provide the
i mredi ate control for the hydrography and topography. As the latter
becones weak it nust be tied in at intervals by a position check to
the second order scheme to give basis for adjustment, eliminating the
accunul ated di screpancy. These are somewhat simlar to sub-stations
on a poorer line; they put new "pep" into the system Then at the
upper end, a line check, whichis aline common to both schenes, or
stepped down fromthe second order work expressly for that purpose,
gi ves a check on position, length, and azimuth

THE PRACTI CAL PROBLEMS:  The difficulties encountered in carry-
ing out this work were nunerous:

Wil e there was the necessity always of selecting sites for the
second order stations that woul d satisfy the requirements of strength
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of figure, and permt such, a scaffold height as could pernit the use
of wood in the construction, sight never was | ost of the fact that
these stations were to be useful later as well as new. This is a
cardi nal point of coastal control, and therefore greater care was
taken in the reconnai ssance than woul d be necessary if only the tri-
angul ation were innmnd. Stations were placed in tows and at prom
i nent crossroads purposely; these were selected in place of others
perhaps better suited for triangulation but of little practical future
use to anybody. A height of 100 feet turned out to be approxi nately
the standard scaffold. It was found difficult in places to find a
site for such a tall tower considering that the guy wires, necessary
on this type of tower for support in strong wi nds, nust have favor-
able leads. This, incidentally, is a drawback not encountered with
steel towers which are not guyed. 1In general, it nay be said that a
steel tower can be easily placed on a site used for a wooden struc-
ture. For this reason, future expansion fromthe towers will offer
no difficulty, for a greater height than that used in this work wl |
not be required; particularly will the sites be satisfactory if

steel is used.

The undertaki ng has been essentially a ship operation. A dis-
tinction nust be nade between the organi zation of a party suitable for
carrying out such a plan to that constituted prinarily for first order
triangul ation, or any one in which only triangulation is done. The
personnel and equi prent are vastly different. The sane officers and
crew, when the triangul ation has been | aid down, mnust turn w th equa
facility to topography, |aunch and ship hydrography, and neanwhile be
navi gators and seamen. Being permanent!|y organi zed, when this assign-
nment is conpleted they may turn to another of a totally different
character where triangul ati on nay be altogether absent. A triangul a-
tion party which is equipped to work with steel towers requires nany
trucks whi ch obviously can not be carried as a ship's equipnent; this
is the prime reason why it is nore efficient and economcal at this
time to build of wood which are not dismantled and noved. As the
other operations are carried on parallel with the triangulation in
such a project, these towers see service throughout the season. At
one time all thirteen of these tall scaffolds were standing.

In the present case high trees to the very river's edge proved
quite a handi cap. Few opportunities were presented to "step down"
imedi ately to the river banks. As a result all position checks and
line checks represent high signals such as poles in trees which can
be seen fromthe main schene and fromthe river stations also. All
second order stations were unusually tall in contrast with the usual
experience of having an occasional small stand to relieve the nonot -
ony. There was a total absence of natural objects, such as high water
tanks which coul d be used. Again, it was sonewhat unusual to find
that in nearly all cases of the third order stations, these had to be
pl aced among cypress trees in waist-deep water where an instrunent
stand was required, with platformlarge enough in nost cases to be
used |l ater for a plane-table set-up.
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ADDI TI ONAL PO NTS OF USEFULNESS: I n addition to the maj or ad-
vantage of providing rigid control for the work as a whol e such a | ay-

out serves other ends as wel | .

(1) It provides one of the second order connecting |inks between
the two first order arcs spoken of above. As such, it is one of the
"bridge" arcs which are to be part of the state control system

(2) It establishes valuable control points wth azinuth marks
directly on the main highway (N C #30) where they are readily ac-
cessible for state hi ghway work nuch desired by the state comm ssion.
At these control points the azimuth narks are visible fromthe ground.
For a hi ghway engi neer, or local surveyor, to obtain a satisfactory
starting point with acconpanying azimuth, it is only necessary for
himto occupy the stationwith a transit, orient on the azi nuth mark
and proceed with his traverse.

(3) Points are established in the county seats of Gatesville and
Wnton and at prom nent crossroads where they are inportant to | ocal
surveyors. It is considered of value to place mai n schenme stations
inthe heart of a county seat as being the nost useful spot for a
county surveyor. Likew se, the selection of promnent crossroads for
ot her stations adds to his conveni ence because of their accessibility.

(4) The points are selected for facility in extending |ateral
expansi on when further second order work is undertaken in the vicinity.
Wien this is done, it will be found of value to have these stations
at such points for the reason that in the great najority of cases
these towns and crossroads are higher in elevation than the surround-
ing region, or are perhaps adjacent to navigable streans, or as the
centers of valuable farnm ng communities.

(5 Anmultitude of control points are located on the Chowan R ver
and its tributaries where, by short traverses, the control can be nade
avai | abl e anywhere along this stream in highway work, in land sur-
veying, or in expanding the triangulation itself laterally.

(6) Athree-mle tangent of the A C L. RR, which crosses the
river at Tunis, is located in position and azinuth for conveni ent use

to anybody w shing such a starting |line.

(7) At the lower end of the working grounds, the Chowan R ver
Bridge, on U S. Hghway #17, has a triangul ation station at each end
of its two nmle length so placed as to locate this bridge in position
and azinmuth and at the sane tine available for use, if the need ever
ari ses, as an acceptable second or third order base site.

(8) Tie-ins were made with various |ines and stations of Coast
Survey work in the wider parts of the river bel ow Cannon Ferry; these
furnish a basis for putting earlier work on the sane rigid basis and
enabl e a check-up and conparison with such work of |long ago in deter-
m ni ng tendencies for the river to change its depth and shoreli ne.
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(9) Inthe future, with the shoreline well tied down to a multi-
tude of triangul ation points well referenced to proninent objects,
roads, etc., it will be possible to resurvey this area by aerial photo-
graphy at m ni mum expense.

OCONCLUSI O\ This | ayout as a whol e, while serving the ends which
led to the survey in the first place, i.e., that of providing a basis
for a chart of the upper reaches of the river, has at the same tine
been nmade to fit inwth the larger plan of the state of North Carolina
This latter point really changes sonewhat the viewpoint of the survey
as a whole, for it justifies the survey of this river in anore thor-
ough nmanner than the navigator called for

In the larger aspect, it may be said that whereas a survey may be
nmerely local in character serving sonme i mediate end, such as provid-
ing data for chart revision, if carried out in the nanner of "Coasta
Control™ it |ooks beyond these nearby considerations and can take on
per manent val ue and usef ul ness.

It would seem in this connection, that since the principles which
govern the nethod bear a strong resenbl ance to those instituted for
future control of the surveys of a great state, they must have sone
basis in logic and econony. At least North Carolina has seen fit to
heavi |y back its conviction.

A A A
GECDETI C OONTROL  ESSENTI AL

(Extracts from"dvil Engineering", June, 1932)

I. Al of Europe has, within the past 120 years, accepted geodetic
control. Even in such distant corners of the continent as the Bal kan
States, geodesy has been adopted as a foundation for all surveying,
whether it is an individual or a public project. South African coun-
tries have al so introduced geodeti c coordi nates as contract wherever

it is possible to do so. | was personally privileged to test the high
quality of geodetic work in Yucatan, and on international and inter-
state boundary operations in Mexico.

An engi neer confronted with a geographi cal datumnade up of de-
grees, minutes, and seconds, is ordinarily not prepared to rmake proper
use of such infornation. He will undoubtedly be nore famliar with a
set of rectangul ar coordinates. It is, then, the conversion of geo-
detic data into rectangul ar coordinates that renders these data accept-
able to the average engi neer and surveyor

An alnost religious faith in the omi potence of the tine-honored
nmet hod of chain-traversing apparently holds an overwhelning najority
of the engineering profession in a state of hypnosis or paralysis. As
aresult of this condition, surveying proper, unlike other related
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branches of engi neering, has scarcely advanced a step in this country
for at least one hundred years. Barely half a dozen of our nunerous
col | eges and technical institutes include geodesy and practical as-
tronony in their curricula. This explains the deplorable |ack of
know edge, within our profession, of the neaning and val ue of geodesy.
It is desirable, therefore, to create opportunities for enlightening
students of engineering on the far-reaching inportance of geodesy in

muni ci pal, state, and national pl anni ng.
E. W A brecht.

I1. The paper by M. Syme on Geodetic Control for North Carolina H gh-
ways," in the March issue, has been read with nuch interest. It shows
advance in the right direction, and the state officials and engi neers
are to be congratul ated upon this progressive work. Setting up a cen-
tral bureau, or general mapping agency, is certainly a necessity if

the data obtained are to be available to | ocal engineers and ot hers.

Thi s bureau shoul d enpl oy expert conputers who can check all data re-
cei ved and make such cal cul ations and adj ustnments as may be necessary
to put the newwork on the sane basis as previous work. Such conputers
shoul d have training in U S Coast and Geodetic Survey net hods.

Judgi ng fromthe proposed triangulation, as shown in Fig. 1 of M.
Syne' s paper, the second-order work planned by the Coast and Geodetic
Survey will be a scheme with lines of from10 to 20 miles in |length,
thus | eaving many spaces of 40 mles or nore between triangul ation
schenmes. Even with lines as short as 15 niles on an average, there
will probably be many places where towers will be required to overcone
the earth's curvature, standing tinber, and other obstacles. |In order
that such lines may be enpl oyed by future observers who wi sh to use
the stations for expansion into newwork, simlar towers will be nec-
essary, thus increasing greatly the cost of such work and often dis-
couragi ng the | ocal engineer frommaking such a connection. It is
therefore very essential that nore points with shorter lines be | ocat-
ed at the sane tine, practically, as the second-order work.

I f topographic maps are to be nade, control points should be
available at intervals of not nmore than 5 mles —and preferably at
intervals of 2 mles —and nany of these points nay be |ocated when
the second-order work is being executed. |If state engineers wll
erect properly narked signals, at all comrandi ng points, visible from
two or nore of the second-order stations, and have themready when
the Coast and Geodetic Survey observers occupy their stations, these
signal s can be observed whil e second-order observations are being
made, thus taking advantage of the large instruments used by the Survey.

Onen B. French,
Prof essor of Gvil Engineering,
Geor ge Washi ngt on Uni versity.

[11. Those parts of M. Syne's paper in the March i ssue, which refer
to the | ocal engineer or surveyor, were particularly interesting to ne.
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The average surveyor and engineer can play a large part in helping
to extend geodetic control and can, at the same time, derive much

personal benefit fromhis efforts.

Too rmuch enphasi s cannot be pl aced upon M. Syme's stat ement
that the survey which has been tied in to geodetic control is inde-
structible, as this is one of the main reasons for having geodetic
control. Al though every point of a survey nay be |ost or destroyed,
the survey can be retraced and the old points relocated if the orig-
inal survey has been tied in to a geodetic triangul ati on system
Some triangul ation points may be | ost, especially on coastal control,
but they can be relocated, or a newcontrol, fully as accurate as the
original survey, can be established. The fact that the original sur-
vey can be thus accurately located is extremely inportant, particu-
larly in title and court work.

That brings up the vital point of the inportance of establishing
the true meridian for surveys on whi ch surveyors or engi neers nust
give testinmony in court. The magnetic meridi an used by nost surveyors
is at the very best only approximate. This is due to local attrac-
tions, difference in the needl es, and many ot her causes of error.

Any case, involving two or nore surveys, each with a different mag-
netic bearing, is often very confusing to the | awyers, jury, and even
to the judge presiding over the case. Wen the various surveys can
be brought into the true meridian and a gi ven systemof coordinates,
the engi neer not only has conpl ete confidence in the accuracy of his
work, but is also able to consolidate the various surveys and show
clearly to the lawyers, jury, or judge the reasons for overlaps, dis-
crepanci es, andvari ati ons.

The establishing of the true meridian is also inportant fromthe
title standpoint. Cften the magnetic variations on title surveys are
confusing to title searchers and officers. This is especially true
when property has been surveyed two or three times within a period of
years and each survey shows a magnetic bearing for each particul ar
year. As a general rule, the question of the nmagnetic declination or
variation is of loss inportance in cities than it is in country dis-
tricts, because in the city the old lines are usually so connected
with the street lines that their bearings are of ninor inportance.

CGeodetic control is indispensable in sounding and dredgi ng worKk,
particularly for projects that are many mles long. The contro
points are not only permanently established, but the cost of the work
is cut down, and the accuracy greatly increased. Usually the tinme
elenent is very inportant, and here again geodetic control is a great
hel p. Precise levels with pernanent and easily accessi bl e bench narks
are of great value to engineers, particularly in flat country where
it is extrenely inportant to have precise | evel s based on an accurate
cont r ol

Wl | ace H. Hal sey,
Wl | ace H Hal sey, Inc.
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GRAVI TY CBSERVATI ONS | N THE BAHAMA, | SLANDS

Joseph P. Lushene, Jr. H &G Engineer, US C &G Survey

During the past 30 years many scientific expeditions to the Vst
I ndi es have been undertaken. n these expeditions all phases of science
have been studi ed except geophysics. It was not until 1928 that the
i nportant subject of gravity was considered and observations nmade to
study the formation and structure of the West Indies. Dr. F. A \Venning
Mei nesz of the Dutch Geodetic Comm ssion, on the invitation of the
Carnegie Institution of WAshington, cane to the United States in 1928
and made gravity-at-sea observations fromthe Navy Subnarine S 21 in
the waters of the larger islands of the Wst | ndies.

In 1929 | was assigned to determne values of gravity at 13 | and
stations in Puerto Rico, Santo Domingo, Haiti, and Cuba. The foll ow
ing year an expedition known as the "International Expedition to the
Bahama | sl ands”, under the auspices of Princeton University and dir-
ected by Prof. Rchard M Field, proceeded to the Bahanas. The study
undertaken was the relation of the stability of the Bahama Bl ock to
the origin, mgration, and alteration of the sediments deposited on
the surface of the islands. The geol ogists, in studying the islands,
real i zed the value and necessity of gravity observations and request -
ed the cooperation of the Coast and Geodetic Survey, with the result
that 1 was detailed to acconpany the expedition and make observations
on six islands of the Bahana Group. The results were so pronising
and interesting that a second trip of the expedition, made in February
and March, 1932, was devoted entirely to gravity observations on | and
and sea. During this trip | established 12 land stations and was
| ater assigned to the Navy Subnarine S48 to assist in the gravity-
at - sea observati ons.

The islands on which the recent observations were nade were the
Wndward | sl ands of the Bahamas, the nost easterly ones in the group.
Wth the exception of Cat Island, these are |low, being only a few
neters above nmean sea level. Cat Island, the highest, has an el eva-
tion of 400 feet. The islands are either sandy, marshy, or of coral
formation, with a few scattered bushes, palns and shrubs. In general,
they are all the same; uninteresting bare islands. As Dr. Uric
Dahl gren of Princeton University quotes, "The first and lasting im
pression of the entire region was that of an area in which but few
kinds, and only a snmall nunber, of animals and plants could live."

It is very seldomthat one visits these islands, for the only
contact with the outside world is through Nassau, New Provi dence
Island, by means of a nonthly nail boat. Wen the mail boat comes to
port it is a gala event and a day of celebration for the natives.

It was extrenely interesting to observe their expressions when the
nmonthly boat arrived in port four or five days |ate.

The natives are extrenely primtive and superstitious and have
no nmeans of earning nmoney. They feel that the islands are full of
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buried gold and treasure for their use. QConsequently, whenever a
stranger cones to the islands great suspicion is aroused as to his
presence. (n practically all the islands it was found al nost i npos-
sible to convince themthat gravity work was bei ng consi dered rat her
than gol d prospecting. At one of the stations it was inpossible to
convi nce themthat gold was not being sought. This stationwas an im
portant one and observations had to be nade. As a result a native with
a doubl e barrel ed shotgun stood by during the 24 hours of observations.
| asked himthe reason for the gun, but was informed "duck hunting."
As far as | could |l earn, the nearest ducks were in Florida about 250
mles distant. At any rate, the guard was a good sport and consi der -
able chatting took place. It was realized that he was nerely fulfill-
ing the wi shes of the populace to guard the buried treasure. It was
learned that previous to ny arrival, a spirit presented itself to one
of the natives, at the exact position of the station, and informed him
that gold was buried at that spot.

The yacht "Marmion", an auxiliary yaw of 19-ton capacity and
owned by M. H M Matheson of Mam, was the neans of transportation
for the party. This yacht proved to be the ideal type of vessel for
work in this renote |ocality where fueling was such a vital problem
Avery inportant factor in the success of the work was M. Matheson's
know edge of the region, coupled with his ability as a navigator. He
pl aced his yacht, crew, and hinself unreservedly at the disposal of
the expedition and al so cared for the entire expense of the oceano-
graphic part of the work.

Since it was so difficult to land the gravity apparatus, it was
necessary to use a rugged field instrunent, and as a result, the
Mendenhal | invariable hal f-second (quarter neter) pendul um apparatus
was selected. The observations were made ina 9 by 9 center pole tent.
I n cases where the islands were sandy and | ow, concrete piers were
built to support the instrument. Odinarily, however, no difficulty
was encountered in locating hard coral nmasses to support it. Due to
the intense light during the day, a tunnel, consisting of heavy canvas
wapped around a frane 3 feet in dianeter and 6 feet in length, was
used. This tunnel was pl aced between the pendul umrecei ver and the
flash apparatus so that the coi ncidences of flashes of |ight could be
observed. Wyrking inlocalities where the humdity differs fromthat
of the base station, it is advisable to place a small amount of a de-
hydrating salt in the corner of the receiver. The period of a pendu-
lumis | engthened by buoyancy or hydrodynamc affect. The pressure
of water vapor is greater inrelation to its density than is the case
for air and thus the buoyancy effect is less for saturated air than
for dry at the same pressure. Odinarily, no account is taken of the
humdity of the air in the receiver for the effect is small when ob-
servations are nmade in buildings or other enclosed structures. But in
the open spaces, with atent, inlocalities where the change of tenper-
ature is appreciable, the question of humdity is inportant. For
exanpl e, observations are begun at noon for the first swing of the pen-
dul umwhen the air is dry and hot. The swing is conpleted at m dni ght
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and a new swing begun. By this tine the tent is covered with a heavy
| ayer of dewand the air within is extremely danp and unconfort abl e.
The buoyancy and hydrodynamc effect is quite different fromthat of
the previous swing, and consequently a |arger probable error of the
observation will result. The average probable error of the 12 sta-
tions observed was 13 parts in 10, 000,000. This |ow probable error
was due in a large degree to the use of a dehydrating salt.

O the 18 stations observed in the Bahamas, 16 anonalies are
negative and 2 positive. The two nost northerly stations showed pos-
itive anonalies. It is anost striking feature that the anoralies on
the Bahama Islands are negative. Alarge najority of the island sta-
tions of the world show positive isostatic gravity anomalies. Since
nost islands are forned of igneous rock, this is thought to be the
reason for their positive anomalies. It is certain fromthe evidence
of the gravity observations that the Bahama |slands are not underlaid
by igneous rocks and did not originate as the result of subnarine
igneous activity. They are, w thout doubt, continental in character
and closely related to the continent. There seens to be good evi dence
that the Bahana Bl ock and surrounding area are in isostatic equilib-
riumto a narked degree, and that the anonalies at several stations
are probably duo to abnormally light material close to the stations.
The gravity data showed that, in all probability, the Bahana Bl ock is
an ol d mount ai n systemwhi ch has eroded and had its high tops cut off.
In sone cases these tops were probably eroded slightly bel ow sea | evel
and sedinentation and coral growh brought themto the surface as
Islands. The unusual |y deep bodi es of water such as the Tongue of the
Ccean, Providence Channel, and Exuma Sound are probably eroded river
val | eys.

Wherever the crust of the earth is dense, bl ock-faulting or shear-
ing results and inlighter nmaterial it is folded, depressed and buckl ed
To illustrate this condition, |et us assune two colums. The first is
sl ender and |ight, and when conpression is applied it buckles, bends,
and folds. The other is very nmassive and dense. |In this case shear-
ing wll take place. The Bahana |Islands, having negative anonalies of
gravity, being very light innaterial, are therefore a fol ded system
A though the anonalies are of the sane sign, they are rather |ocal and
the region as a whole is undoubtedly in isostatic equilibrium

It is hoped that gravity observations will be made in the Lesser
Antillios in the near future by the Coast and Geodetic Survey. These
woul d gi ve the geol ogi sts and students of isostasy conplete and de-
tailed informati on of the West | ndies.
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CONVERSI N GF RADI O BEARI NGS TO MERCATCRI AL BEARI NGS

A. L. Shalowitz, Cartographic Engineer, U S C. &G Survey

The universal adoption of the Mercator systemof map projection
for nautical charts and the increasing use of radio directional hearings
at sea make it pertinent at this tine to consider certain limtations
of the Mercator projection in respect to the plotting of such bearings.

As is well known, the nost inportant and useful navigational prop-
erty of the Mercator projection lies in the fact that on it and it al one
the rhunb line or Ioxodromc curve is represented as a straight |ine.
Hence if any two points on the chart are joined by a straight line, the
bearing of this line will represent the course which a vessel nust fol-
I ow continuously in order to go fromone place to another on a single
true course.

Geat circles, on the other hand, unless in the plane of the Equa-
tor or of a neridian, are represented on this projection as curved
lines, and since radio signals followthe paths of great circles, the
correct plotting of radio bearings on a Mercator chart becomes a matter
of considerabl e inportance if maxi mumusefulness is to result fromthis
conparatively new but already valuable aid to nmarine navigation. (See
Radi o Beacons and Radi o Beacon Navigation by G R Putnam p. 2, note 2)

Cbviously, it is inpracticable for a navigator to plot such |lines
on his Mercator chart, so the probl embecones one of applying a cor-
rection to the radi o bearing, as observed on the vessel or received
fromthe shore station, in order to obtain the rhunb Iine bearing be-
tween the two points. For convenience this bearing will hereafter be
referred to as the Mercatorial bearing.

Wil e the theory underlying the practical solution of this prob-
lemis sinple and based upon established principles of mathenatics, its
application in practice has probably been linted by reason of the
necessity for making certain conputations or for referring to certain
auxiliary charts for obtaining the corrections.

It is therefore the purpose of this paper to present briefly and
sinply a self-contai ned met hod by which a navigator can quickly deter-
mne his Mercatorial bearings fromthe radi o bearings received or ob-
served, and with a degree of accuracy fully comrensurate with the accu-
racy attainable in the present devel opnent of radi o navigation. The
nmet hod can be utilized for distances up to 1000 nmiles, a distance far
in excess of that possible with present instruments and techni que.

The tables and met hod of applying the corrections were first pre-
pared by the witer as far back as 1924 and have appeared ever since in
all editions of our Coast Pilots. It has since then al so appeared in
asinmlar formon the pilot charts of the Hydrographic Ofice. It is
bei ng presented here with sone nodifications in the belief that with
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the increasing use of radio bearings it will inits present formfind
wi der applicati on.

TERM NCLGGY: In the followi ng pages the termradio direction find-
er station means those stations that are equipped to determne the dir-
ection of aradio signal transnitted by a vessel. The termradio
beacon nmeans those stations (ashore or afloat) that transmt charac-
teristic radio signals at stated intervals and the bearings of which
are determned by the vessel's radi o conpass. The termradio station
is used to denote those stations (radio direction finder or radio

beacon) whose geographi c positions are fixed.

DERI VATI ON CF FCRMULA FOR CONVERSI O\ The azimuth of a line on
the surface of the earth varies frompoint to point by an amount which
cl osel y approxi mates the correspondi ng convergence of the neridians.
The val ue for the convergence is derived as foll ows:

+

.
e In thefigure, o = convergence of the
oS! meridians NE and N\Wfor the common |ati -
C0 ™t tude #y. If we assunme two points P and
< _===N P on these neridians hut not in the sane
'/’ ,/»Xr—P’ latitude, then the convergence for the
yd A AR nddl e |atitude woul d be understood. So
A A that inthe figure, if nand n' are points
/Pf 7\ on the mddle latitude &, and gand ¢*
o NN are the latitudes of Pand P respectively,
/ ! RN than t he convergence & would be the con-
/ N vergence for the mddle |atitude &, or
S AN 12 (g g*). Now if nk=difference of
SRR P | ongi tude between the two neridians it can
\ TE‘““\ — be shown fromtrigononetry that
\ \ sindt 6 =sind (ALR) sind (g« g")*
\ \ whi ch for the probl emunder consideration
\ \ can be reduced with sufficient accuracy
\ \\ | to the form
A . %e:%‘(ﬁf\) sin%(;é-v‘ gr) ("
AN where ¢ is expressed in the sane unit as AA
~. ~.
Fig. 1 T :\-hhi
*Proof: InFig. 1let no =r =radius of parallel of latitude at n
nt = T = tangent at_n

In the plane triangle nn't, chord nn’' =\/_(_g't)2c-(nt)2-2(nt)(n't) cos ©
Now n't =nt =T, hence nn' = TV2(l-coss) = 2T \/I=cos ©

2
Nowsin % 6 = \/l=cos © , therefore, nn' =2Tsin% &

2
Similarly, nn' =2r sind (AK)
But r = Tsin @1
Thereforc 2 T sin 49 =2 T sin @ sin & (AK),
or sin 3 6 = sin & (AA) sin & ( g+ ¢")

— —— e e —— — o—— ——
S — — ——— . —— e SiEn - . S ST SN At e AN e G aer St Gemn e —
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It will nowbe shown that equation (1) is also the expression for
the correction to be applied to aradio bearing to reduce it to a nmean
Mercatorial bearing.

25° 20° 15° 10° ___5°
E
| . A
550l J7 ,/’/C()Radio I55°
. Station)
mean Mercatorial bearing

AFB = great circle fromradio sta-  lisge
tion to vessel

AD - great circle bearing (uncorrec- }
ted) at radio station

BE = great circle bearing (uncorrec- ||
ted) at vessel

Fig. 2 - Relation of Corrected to Uncorrected Radi o Bearings

S0°¢

B (Vessel)

o —

o+ = vwemigipll

Fig. 2 represents a portion of a chart on a Mercator projection.
Let T = great circle bearing at A Fromthe figure it is seen that
T =great circle bearing at B the Mercatorial bearing at A=
C = correction to be applied at A{T - C and Mercatorial bearing
to obtain Mercatorial bearing|{at B=T + C
C= correction to be applied at B|o T- C=T + C
to obtain Mercatorial bearing | Byt " =T- ©
€& = convergency of the neridians | Therefore T- C = (T- &) +C

a C+C =¢

That is, the correction to the great circle bearing at one end plus the
correction to the great circle bearing at the other end is equal to the
convergence of the neridians. Hence, the nunerical value of the mean
correctionat either end= ¢ + C!' = 1/2 5,
2

RULE FCR CONVERSION  Since radio signals are assuned to fol | ow
the paths of great circles on the surface of the earth, we have the
follow ng sinple rule for conversion:

To convert a radi o bearing between any two points on a Mer-
cator chart into a nean Mercatorical bearing, add or subtract
(see Table Il) to (from) the radio bearing, one half the con-
vergence of the neridians between the two points.
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SIGN CF THE CORRECTION  The sign of the correction will depend
upon whet her the bearings are observed at the vessel or at the radio
direction finder station as well as upon the relative positions of the
two. By referringto Fig. 3 and renenbering that the curve which
represents a great circle on the Mercator projectionis in all cases
concave toward the Equator, the sign of the correction can readily be
ascertai ned. However, to avoid any possible confusion in the sol ution
of radi o navigation problens, the follow ng table has been prepared

TABLE | |
Sign of the Correction to Radi o Bearings

i North Latitudes

= {Bearings observed |Bearings observed
1 at radio station at vessel
Vessel Bast of
Radio station * -
Vessel West of _
Radio station - i * |

If working in south latitudes the signs in the table should be
rever sed.

TABLE OF OCRRECTI ONS

It was shown in equation (1) that 2 6 =3 (AK) sin 3 (¢ + ¢")
It follows, therefore, that the correction to any radi o bearing can be
determned if we know the latitudes and | ongitudes of the radio station
and of the vessel by dead reckoni ng.

Corrections have been conputed for values of (AA) ranging from
one-hal f degree to 20 degrees and for values of 4 ( @« @*) from5° to
65°, and the results are shown in Table I. It is unnecessary to con-
sider latitudes bel ow 5° since the convergence of the meridians in the
vicinity of the Equator is practically negligible and the correction
can usual |y be ignored.

The table is entered with the difference of |ongitude between the
vessel and the radio station as one argument and opposite the corres-
ponding mddle latitude, the correction to be applied to the radio
bearing is read in degrees and tenths. The correct signis then deter-
mned fromTable I1I.

PRECAUTI ONS THAT SHOULD BE OBSERVED

Radi o Bearings (bserved at Vessel: The nethod is equally appli-
cabl e whet her the bearings are received fromthe radio direction finder
station or whether observed at the vessel, except that in the latter
case, since the position of the radio beacon is fixed on the chart,
the Mercatorial bearing fromvessel to radi o beacon shoul d be increased
by 180° and the resulting bearing plotted fromthe radio beacon. In
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both cases, of course, the |argest scale chart avail abl e shoul d be used.

It is inportant to enphasize here that the corrections that are
bei ng considered in this paper are corrections due solely to the char-
acteristics of the Mercator projection, and nust not be confused with
errors due to distortion of the incomng radio wave. Such errors are
determned by calibration and should be allowed for before any ot her
corrections are applied. Smlarly, where the rotating coil is mount-
ed directly over the ship's magnetic conpass, the errors due to vari a-
tion and deviation should also be applied in order to obtain the true
bearing of the radi o wave.

Wher e Dead Reckoning Position is not Available; |f the vessel's
position by dead reckoning is not available, its approximate position
can be determned by plotting the uncorrected bearings as received or
observed directly on the Mercator chart. This will generally give a
position considerably in error, but it will serve for obtaining a good
first approximation. The tables are entered as before and the proper
corrections ascertained. These corrected radi o bearings are then
plotted on the chart and a new position of the vessel determned which
shoul d correspond to a good dead reckoning position. The tables are
re-entered using this new position of the vessel and new corrections
det er m ned.

Li kewi se, where the position by dead reckoning differs greatly
fromthe true position of the vessel as determned by plotting the cor-
rected radio bearings, a retrial should be made using the new val ue as
the position of the vessel. enerally the vessel's position will be
known with sufficient closeness to nmake nore than one trial unnecessary.

Application in Practice

Exanple 1 - Bearing observed at radio direction finder station:
Ashipinlatitude 37° 20' N., longitude 69° 20' W by dead reckoni ng
receives a radio bearing of 64° froma radio direction finder station
located in latitude 35° 14" N., longitude 75° 32' W Find the Merca-
torial bearing of the ship fromthe station.

Latitude Longi t ude
Radi o direction finder station 35° 14" N. 75° 32" W
Vessel 37 20 69 20

(Md. lat.) 36 17 (Off.long.) 6 12

Entering Table | with difference of |ongitude = 6.2° and 36°
maddle latitude, we obtain by interpolation the correction 1. 8°.
Since the vessel is east of the radio station and the bearings were
observed at the radio station, we find fromTable Il that the correc-
tionis plus. The Mercatorial bearing fromthe radio station to the
vessel will therefore be 64° + 1.8° = 65. 8°.
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Exanple 2 - Bearing observed at vessel: A ship in latitude 48°
45' N., longitude 25° 30" W, by dead reckoni ng, observes a radio
bearing of 50° true on a radio beacon located in |atitude 55° 22' N.,
longitude 7° 19° W Find the Mercatorial bearing of the beacon from
t he vessel .

Latitude Longitude
Radio beacon 55° 22t N, 70 19t W,
Vessel 48 45 25 30

(Mid. Lat.) 52 03 (Diff. long.) 18 11

Entering Table | with difference of |ongitude = 18.2° and 52°
mddl e latitude, we obtain by interpolation 7.2°. Since the vessel
is west of the radio station and the bearings were observed at the
vessel, we find fromTable Il that the correction is plus. The Merca-
torial bearing fromthe vessel to the radio beacon is therefore
50° + 7.2° = 57.2°.

To plot this bearing add 180° and lay it off fromthe radi o bea-
con, that is, 57.2° + 180° = 237.2°, the Mercatorial bearing fromthe
radi o beacon to the vessel.

Plotting the Mercatorial Bearings

After the proper Mercatorial bearings have been determned, it
becones necessary to plot these bearings on the chart with a fair de-
gree of accuracy, otherw se the value to be derived fromapplying cor-
rections will be entirely vitiated. Particularly true is this when
| ong distances are involved. In such cases if accurate means are not
available for plotting the bearings graphically, a sinple conputation
will determine a point on the rhunb Iine which can be joined with the
position of the radio station by a straight |line and the bearing thus
| ai d down. LV
Inthe figure, Ris the position
R of the radio station whose |atitude
g ’ "2 ¥ and longitude are known, Mis the
} : Mercatorial bearing, Vis the true

o i N position of the vessel and V the
7 f ; position by dead reckoni ng.

The problemis then to deternmne
the latitude of the point T where the
; Mercatorial bearing crosses a neridian
i somewhere in the vicinity of the ves-
—*‘E/* R sel. The neridian closest to the ves-

TK , | sel's position by dead reckoning
’ ' shoul d be used for this purpose.

ST
tan M
Now SR = neri di onal distance between the |atitude of the radio station

. ST .
Fromthe figure, Sg = tan M fromwhi ch SR =
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the latitude sought, and ST = the difference of longitude in mnutes
between those two points. Therefore if we take fromthe Mercator pro-
jection tables the neridional distance corresponding to the latitude
of the radio station and to that value add the neridional distance
(SR conputed above we obtain the meridional distance for the latitude
sought, fromwhich the latitude of T can be determ ned by again refer-
ring to the Mercator tables.

Determnati on of Mercatorial Bearings by Conputation

Any Mercatorial bearing can be conputed fromthe fornul a
_c4+D . (B +37)

M—E_§31n 5 wher e

M= Mercatorial bearing required

E = radio bearing received fromradio direction finder station
or observed at the vessel

D = difference of |ongitude between radio station and vessel's
posi tion by dead reckoni ng
B =latitude of radio station
B = latitude of vessel by dead reckoni ng
Tabl e of Natural Sines
Mid.. TMid. Mid. Mid. Mid. mad.
L. !Sine | L. | Sine ¢ L. | Sine ! L. ! Sinc | L. ! Sine ;| L. | Sine
c | i o S i O 0 S
0 ,00000% 11 :.19081} 22° |.37461: 33 1,54464; 44 |.69466) 55 [.81915
1 {.01745‘ 12 ‘.20791; 23 -.590‘753'; 34 |.55919{ 45 [.7071L1i 56 {.82904
2 ;054_90§§ 13 .22495] 24 |.40674: 35 |.57358|| 46 [.71934; 57 |.83867
3 L052341 14 |.24192) 25 .42262! 36 .58779|| 47 1.75135)! 58 1.84805
4 ;069769 15 ..25882) 26 |.43837) 37 |.60182 48 |.74314} 59 |.85717
| 5 L08716i 16 !.27564) 27 [,45399; 38 |.61566 49 |.754711l 60 |.86603
6 f.104513 17 :.2925’75 28 .4-6947"; 39 [.682932i 50 .'76604;’ 61 [.87462
7 :_1218‘7; 18 3.309023; 29 .484.-8152 40 1.64279{ 51 .’7'7'715; 62 1.88295
8 ’1391'7§ 19 :.32557! 30 1.,50000i 41 .65606! 52 |.78801: 63 1.89101
o 156431 20 ;.34202! 31 .51504) 42 |.66913l 53 |.79864! 64 |.89879
10 L173650 21 i,358370 32 i.52092' 43 1.68200: 54 [.80902 ! 65 1.90631

Errors Resulting fromPlotting Uncorrected Radi o Beari ngs
The inportance of the problempresented in the foregoing pages
will be better appreciated if we consider the error introduced in a
vessel's position if the radio bearings are plotted on the Mercator
chart without applying any corrections.

The following table gives the errors in nautical mles for various
distances fromthe radio station and for various latitudes. |In each
case an east-and-west bearing is assumed in order to obtain the naxi-
mum correction for that distance fromthe radio station.

The values given in the table are based on graphi cal determ nations.
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TABLE OF ERRCRS
(in Nautical MIles)

¢ Distance from Radio Station in Nautical Miles
Latitude. 100 | 200 4 300 500 | 1000

q 2.4 4.5
[ 80° 4§ 2.5 10,3 .| 23, | 64. | 262

Concl usi on

Fromwhat has been said, it should not be inferred that because
the paths of radio signals are great circles, any projection, such as
the "Grononic," on which great circles are represented as straight
lines offers a ready sol ution of the problemunder consideration. It
does not. Wat we have been considering here is not the |aying down
of a great circle between two given points, but the | aying down of a
true azimuth froma given radio station. This is another probl emand
woul d require a set of specially constructed charts on a workabl e
scale with a conpass rose at each station or a table of corrections for
each station for that particular chart (see Radi o Conpass Bearings, by
Gscar S. Adans, Serial No. 67).

Anot her projection sometines mentioned in connection with radio
bearings is the "Doubl e or Two-Point Azi muthal Projection" in which
straight lines radiating fromthe chosen points represent great cir-
cles intheir true azimuths. The limted applicability of this pro-
jection for general use in radio navigation is quite obvious. However,
in special cases, it mght be found a very useful adjunct.

It is this witer's opinion that the nethod herein outlined for
use directly on Mercator charts lends itself admirably to the expedi -
tious solution of present day radi o navigation probl ens.
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WRI NKLES AND SUGCEESTI ONS

USE OF PI PE DRAG ON W RE DRAG SURVEY
H. E. F nnegan

During the 1931 season the Wre Drag Party constructed and used a
short pipe drag for the purpose of investigating the reported exist-
ence of a weck in Northport Channel.

Ten sections of galvanized iron pipe (in lengths of twenty feet)
were substituted for ground wire. Shackles were fitted at the ends
of each section and the drag was set out in the usual manner with up-
rights, weights, and drag buoys for support.

At first an attenpt was nmade to tow this drag with pulling boats
but very little headway could be nade, even with the aid of the cur-
rent, since nost of the effort of the oarsmen was expended in keeping
the ends of the drag on line. By attaching the |arge end buoys and
weights it was found that the |aunches could be used to towthis drag
w thout causing any lift.

This type of drag is excellent for the investigation of narrow
channel s or areas, where it is inpossible to keep a constant strain
on the drag. The pipe drag has no appreciable lift or sag. Therefore,
insetting the depth of the drag only one variable factor need be con-
sidered, the change in tide.

Inusing the wire drag it is necessary to discontinue a |ine when
the | aunches stop towi ng for any reason, because as soon as the strain
is removed the toggles or floats lift the ground wire. Wth the pipe
drag, however, no lift occurs when the | aunches stop towi ng and the
l'ine may be continued with the assurance that the entire area has been
dragged to the effective depth.

This type of drag could be operated satisfactorily, in narrow
channel s and shoal areas, by using small, shallowdraft, |aunches, such
as the wire drag tender, and so make it possible to drag nmany i npor-
tant inshore areas that could not be acconplished by the wire drag and
the larger |aunches.

SPECI AL STATI ON MARKS, ETC.
Charl es Pierce

(Extract froma letter to the Assistant Chief, DO vision of Geodesy.
M. Pierce is executing a second-order coastal control schene on
the California Coast, in the vicinity of Munterey Bay, in advance
of conbi ned operations of the party on the Ship GUI DE).

Field work started on this second order triangulation on April
16, 1932, when Lieutenant Bowie had transferred all nen and trucks to
ny party. W have placed through for the first fifteen mles a schene
of approximately first order strength and have stations every two
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mles along the coast. n the coast side of the scheme many of the
stations are on sand dunes, of a type that are fairly permanent as far
as can be observed. In order to place marks that woul d be reasonably
certain of permanency we had the choice of using long cast iron pipes
or deep nmarks with wooden forns. No Suitable cast iron pipe could be
secured in Monterey so we have been placing both station marks and
two reference marks at these sand dune stations as follows: Woden
forns approximately 5.5 feet long were made with an inside cross sec-
tion 7 inches square. These were set in the sand 4.5 feet bel owthe
surface and projecting about one foot above the sand. Al though the
cross sectional area was reduced the increased | ength, in ny opinion,
gives these marks a far better chance for pernmanency. Especial care
is being given to the marking of all the stations and this work is in
charge of O S. Risvold, signalman, with three nmen for assistants.

VW started our field work fromthree of Lieutenant Meaney's ol d
stations and our angles at these three stations checked his very cl ose-
ly. W have been using an 8-inch Fennel direction theodolite No. 285,
with eight positions of the circle and a five-second rejection limt
fromthe nean. For fifteen triangles closed to date we have an average
closing error of 1.4 seconds and are naturally quite pleased with this
instrument. Many of the lines have been "grazing" lines and the seeing
conditions about an average for day observing. W have not been abl e
to figure any side checks as the conputations are to be carried back-
ward froma connection with Li eutenant Bean's earthquake triangul ation
at Monterey, California, but should tie in here in a week or so.

CONSTRI CTI ON CF EQU LATERAL TR ANGLES
ON SMOOTH SHEETS, ETC.
Ector B. Lat ham

In the preparation of progress sketches, snooth sheets, reconnais-
sance sketches, etc., the equilateral triangle, used to represent tri-
angul ation stations, can readily be constructed as follows: Wth
radi us equal to the desired length

of side, describe acircle. From o

a point on the circunference, as / \
center, describe another circle, ~7<~~%\
with the center at the intersec- N /N
tion of the two circles described, i S G
describe a third circle. Then by \ \-\ /’
joining three intersections, the N

triangle will be obtained.

EFFECT OF CURRENT ON SOUNDI NGS
(Extract fromReport of R F. A Studds on Survey
of Cooper and Vando Ri vers, South Carolina)

The action of the current on the | eadline, when the current is op-
posed to the direction of the sounding launch, is to indicate too great
a depth. It is assumed that, in running against a current, a bight is
fornmed in the leadline. The current acts on both the subnerged portion
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of the line and the | ead, but the horizontal notion of the former is
greater than that of the | ead, so that when the |ine apparently |eads
directly down fromthe | eadsman's chains, the lead is slightly aft

and a part of the subnerged portion of the line is still further down
stream The force of the current puts a strain on the bight so that
the | eadsman is deceived into believing he is getting a vertical cast.

This condition hol ds true when sounding froma movi ng boat which
is running against the current and, in aless degree, when running at
right angles to the current or when soundi ng froman anchored boat .

To overcone the discrepancies thus introduced, therefore, sound-
ing should be done only at slack water, or in a boat drifting or run-
ning with the current. Ooss lines, or lines at right angle to the
axis of the river, should be run at slack water and lines parallel to
the axis of the river can be run with the current. Since hydrography
woul d usual 'y be done in connection with other operations, the field
wor k shoul d be planned so that advantage can be taken of the stage of
the current.

Qurrent may al so affect the spacing of soundi ngs between posi -
tions and thus introduce another error. |If the sounding boat is run-
ning at right angles to a current and the helnsman is steering a
straight line by ranges, the boat will not progress along that |ine at
a uniformrate of speed, due to the varying force of the current at
different places in the river. Directly in the channel the progress
across the river is slowest because the current will be strongest and
the boat's course nust be altered to counteract its effect. This force
will dimnish near the edges of the channel and there will be sone
pl aces where there is no current at all.

It is quite often inpossible to take a position at every change
of course the hel nsnan nmakes in holding on his range, especially if
working in narrowrivers with snall boats, and so an error has been
i ntroduced because the distance progressed has varied between soundi ngs,
This, therefore, is another reason why it is desirable to run the cross
lines at slack water.

Anot her source of error is the failure to take into consideration
the sl ow speed of the boat at the beginning of a cross line. The
soundi ng at the beginning of a line should be deferred until the boat
has attained the rate of speed at which the renainder of the line is
to be run. This wll usually nean that the first sounding will be
somewhat of fshore, but the line can end close to the opposite beach
and since a sounding close inshore will be thus obtained on every ot her
line, the information will be sufficient to indicate the depth. If
addi ti onal soundings are needed close inshore, a line can be run paral -
lel to the beach
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ELECTR C SOND NG ALK

Chas. K Geen, H &G Engineer, US. C &G Survey

My dear Captain Rude:

Fifteen years ago | rigged an electric sounding clock, as you will
recall. Last year | nade another one, which we use continuously on
the PPONEER At the above rate of production the next one will be
available for use in 1947, and all the larger Coast Survey vessels will
have one in 195 years, or on February 14, 2127. However, according to
ny normal expectancy, | will only be present on this earth for two nore
| aunchings of this very desirabl e device (once before and once after
retirement). After that it may beconme one of the LOST ARTS!

Seens as though sonething should be done about it.

If you have read this far, | mght add that the clock is an ex-
trenely useful addition to hydrographic gear, and its advantages are
al nost too obvious to mention. W have found on the PIONEER that the
recorders do not get balled up when "G ve nme the angles on position
so-and-so", is shot at them and they have plenty of tine to read the
soundings off to the officer plotting, so that the soundings are al-
ways plotted i mmedi atel y and suspi ci ous ones can be checked at once.

In this day and age when such great strides in hydrographic
net hods are being nade, we are very apt to pass up the nore sinple im
provenents, and it is ny belief that our Service is overlooking a very
useful device in not getting Seth Thomas to incorporate the gear in

sone of our cl ocks.

VW have two cl ocks rigged up aboard, and | would be glad to for-
ward one to the office if you are interested. These have contacts for
20, 30, and 60 second intervals (the intervals used on this assi gnnent).
There is enclosed a rather poor snapshot of the clock at work. The
box is spray-tite, and the interval |lever is visible near the second
hand on the face of the clock. Chief Jones made the interval |ever
nmechanismfor me, and it is an inprovenent over the one on the old
clock, inasmuch as it is nore sturdy and convenient. There is an el ec-
tric jack on the bridge, which when plugged into the clock box causes
the bell at the fathoneter to ring at desired intervals.

It took spare time for two days to construct and adjust the de-
vice, and since that tine (6 nonths ago) the clock has worked contin-
uously without any attention.

Wil e these clocks may be rigged up aboard ship with very satis-
factory results, the greatest benefit to the Service will conme through
a standard assenbly by the Instrument D vision or the clock nakers,
and | amsure that the matter will receive your consideration.
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REJECTI ON CF CBSERVATIONS ON I N TIAL
WEEK CBSERVI NG HOR ZONTAL DI RECTI ONS

H W Hemple, H &G Engineer, US C &G Survey

The follow ng situation recently devel oped on one of the
triangul ation parties and apparently caused sone confusion. Two sets
of horizontal direction observations were obtained at station Mason
with the follow ng regults:

Ki r kl and Wightsville NWBase Pilgrim
1st set 00°-00' - 00*00 232°-25' - 10146 238°-44' -44%70
2nd set 00°- 00" - 00%00 233°-25' - 12192 238°-44' - 49%09

The officer handling the conputations rejected the observations
to Wightsville NWBase in the first set and to Pilgrimin the second
set. The resulting values were as foll ows:

Ki rkl and Wightsville NWBase Pilgrim
00°-00' - 00¥00 232°-25'-12%92 238°-44' - 44%70

Since the triangles did not close within the allocable limts
usi ng these val ues, the original observations were expressed in terns
using Wightsville NWBase as an initial, as follows:

Wightsville NWBase Pilgrim Ki r kl and
1st set 00°-00' - 00%00 06°-18' - 34124 | 27°-34' -49v54
2nd set 00°- 00" -00%00 06°-18' -36v17 127°-34' - 47108

In the first set, the observations to Kirkland were now rej ected,
while in the second set, those to Pilgrimwere rejected as before. The
accept ed val ues as shown bel ow cl osed the effected triangles well:

Wightsville NWBase Pilgrim Ki rkl and
00°- 00" - 00%*00 06°-18' -34%24 | 27°-34' -47%08

The query of the officer was why he has unable to obtain angl es
of like values when Kirkland was used as an initial. The explanation,
of course, is that inthe first set, when he used Kirkland as an ini-
tial, he rejected the observations to Wightsville NWBase, while in
this sane set using the latter station as aninitial, he rejected the
observations on Kirkland. The correct procedure is to reject the ob-
servations on Kirkland under both nmet hods of showi ng the results. Then
since the angl e between Kirkland and Wi ghtsville NWBase is 232°-25' -
12%92, and if we accept the directions to NWBase and Pilgrimin the
first set, the follow ng val ues woul d be obtai ned:

Ki r kl and Wightsville NWBase Pilgrim
359°-59' -57%54 232°-25' - 10746 238°-43' -44%70
or 00°-00' - 0000 232°-25'-12%92 238°-43' -47%16

These latter values are the sane as obtai ned usi ng NWBase as an
initial, and which closed the triangl es.
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REPCRT ON NEW TYPE HYDROGRAPH C SEXTANT
Kenneth G O osby

During the season's work of 1931 on Georges Bank an opportunity-
was given to thoroughly prove the superiority of a new hydrographic
sextant recently developed in the office. This type differs fromthe
old in several ways. It has larger mirrors, alarger and nore power-
ful tel escope and a clanping device to hold the eyepiece of the tele-
scope in focus.

In the course of the season's work a survey was nade by the Survey
Ship G LBERT on Georges Shoal proper. This survey was made by hand
| ead sounding and controlled by sextant angles, furnishing a three point
fix, that were taken on the usual type of floating hydrographic signals.
This new type of sextant was used with nmuch success on the survey of
this shoal .

The success of this sextant is attributed to the ease of picking
up the signals due to the new features that have been nmenti oned. The
state of the sea was noderately rough, on several of the days during
the survey, which caused the GLBERT to roll badly. For this reason,
with the old type of hydrographic sextant, | amconvinced that the buoy
signal s could not have been held in the mrrors of the sextant due to
the | ow magni fyi ng power and the restricted field of vision.

Wth the new type of sextant the signals stood out clearly and,
al though the ship rolled badly at tines, it was still possible to hold
the signals in the mrrors. Under these conditions it was not too dif-
ficult to reflect the buoy signals at distances of three to four niles.

The users of these sextants are very enthusiastic as regards their
performance and consi der themvery nuch superior to the old type of
hydr ogr aphi ¢ sext ants.

RACK AMD WCORM SEXTANT
Kenneth G O osbhy

(Reference: Hydrographi c Revi ew, Novenber, 1931, paragraph 7,
page 154. "New Standard Sextant of the U S Navy.")

During the field season on Georges Bank, 1930, when | was attached
tothe USC &G S. Ship LYDONNA | used a sextant of the rack and worm
type to try out thoroughly its features of manipul ation. This sextant
was used in taking sun sights, star sights and angl es when engaged on
buoy control hydrography. 1In all types of work it proved to be highly
efficient.

This particular sextant is a navigating sextant of an English rmake.
It has a rack situated belowthe linb into which a wormgear engaged.
This nethod provides an endl ess tangent screw, a feature very desirable
i n buoy control nethods of hydrography, as oftentinmes the tangent screw
"runs out" just before taking a fix with the result that the position
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fix is lost. By the wormgear and rack arrangenent the objects may be
kept within the sextant glasses fromone end of the linb to the other
wi thout fear of jammng the tangent screw.

The index bar or armof the sextant may be easily noved to any
position on the |linb by means of squeezing two small nibs. The opera-
tion of squeezing the nibs raises the wormgear out of the rack and
nmakes it possible to nove the armwith ease. The armautomatically
clanps itself by releasing the nibs; this allows the wormgear to en-
gage the rack and the tengent screw is ready for use.

I aminforned that this type of sextant has been di scussed by the
Bureau in the past, but fromonly a theoretical standpoint. Since |
have used this type of sextant under actual field conditions, | thought
it advisable to give the Bureau ny experiences.

e of the argunents advanced against this type of sextant is the
delicate care that nmust be given to it to prevent injury to the rack.
In this particular nake of sextant, the rack is well protected by the
linb itself, as it is situated bel ow and behind the edge of it. The
teeth are of heavy construction. The wormgear is also protected by a
guard which is an integral part of the tangent screw and cl anpi ng de-
vi ce nechanism The parts likely to damage are therefore well protected.

This sextant is ny own personal property and | could therefore do
withit as | pleased. It has been subjected to rough and average use;
neverthel ess it has not been damaged. It is not as delicate as a theo-
retical discussion nmght prove it to be. M actual experience with a
sextant of this type is that it is well worth trying a hydrographi c sex-
tant of this type in other field parties for their comments.

A group of snapshots acconpany ny original report (No. 180 - 1931)
to illustrate the features of this sextant.

SPEQ AL SOUNDI NG LEAD USED | N MANI LA HARBCR, P. 1.
(Extract fromreport by E R MCarthy on Hydrographi c Sheet No. 1375-E)

Because of the very soft bottom soundings inside of the break-
water were taken with a special |lead devised by Lieut. (j.g.) R C
Bol stad. The |ead consisted of a threaded iron rod about one-half inch
indianmeter and ten inches long with an eye in one end. Below the eye
was attached a perforated wooden disk strengthened on its under side by
a steel plate. Below the disk was attached the wei ght, consisting of
two and four pound sections of sounding lead drilled through the center
so they could be slipped over the threaded rod. The lead and di sk were
hel d fast by nuts above the di sk and bel ow t he | ead.

Wth this arrangenent, the disk could be easily changed if neces-
sary and any desired weight of |lead obtained. After experinenting with
various sizes and weights, it was found that a seven inch disk with a
ten pound wei ght was nost satisfactory. The lead |ine was graduat ed
fromthe top of the disk as the experinents showed that the disk rest-
ed on the nud.



METEOROLOG CAL EFFECTS ON RIVER LEVELS

Paul C. Whitney, H & G E. Engineer, US. C & G Survey
Chief, Division of Tides and Currents

That tidal waters are not alone acted upon by the tide-produc-
ing forces of the sun and the moon, but are also affected by meteor-
ol ogi cal changes is well known. Some of the detailed effects of
such changes, however, make an interesting subject for exam nation
especially so in conparatively shallowrivers and bays. Periods
of abnormal weather in the vicinity of Washington during last w nter
so nodified the river level in the upper part of the Potonmac River
tidewater that it was thought a study of the records fromour pri-
mary tide station at Washington woul d be of interest to the menbers
of the Association of Field Engineers.

The general direction of the Potomac River fromWshington to
its mouth is southeasterly. Therefore, it may be assumed, as a
general rule, that winds fromthe northwest quadrant will tend to
bl ow the water out of the river and thereby depress the river |evel.
As the Potonmac River enpties into the broad Chesapeake Bay, the
direction of which lies north and south, the northwest wind will
have a somewhat similar tendency in that body of water, that is, to
force the water southward and out of the bay. This tendency is assist-
ed by the fact that this wind is an offshore one along the outer
coast, which tendency lowers sea |level along the shore. Contrari-
wi se, easterly winds blowthe water in the Chesapeake Bay, and if
prol onged, raises the level of the rivers enptying into it.

These effects, however, may be nodified by either a high or |ow
baroneter situated off the coast. A |low baronmeter centered, for
i nstance, near the Chesapeake Bay entrance will raise sea |evel, the
amount dependi ng upon the depth and area of the low, and a well -
devel oped high pressure, simlarly situated, will depress sea |evel
Combi nations of these causes can easily produce very conplicated
changes in the tide curves at any place.

We will now examine the specific cases of interest alluded to.
On the norning of Decenber 31, 193I, the weather along the mddle
Atlantic states was about normal, but an eastward noving |ow pressure
area caused easterlywinds to set in that day. Exam nation of the
first illustration shows that the predicted tide curve for Wshing-
ton during the evening of the 3lst coincided very nearly with the ob-
served curve as recorded at the prinmary tide station there. As this
| ow pressure nmoved closer to the coast, it was reinforced by a se-
condary |low that formed off the Carolina coast on the nmorning of
January 1, passing over the southern part of Chesapeake Bay that
evening. The |ow baroneter and easterly wind fromthis storm caused
the observed tide curve to rapidly depart fromthe predicted curve
with a high water of 4.7 feet about noon of January 1, as conpared
with the predicted height of 2.8 feet, and a lowwater of 1.7 feet
at 21 hours, or 1.6 feet above the predicted height. As the air
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pressure increased during January 2 and 3, and the w nds becane
northwest, the tide curve approached the predicted curve and crossed
it at highwater on the afternoon of the 3rd. Fromthat time it

wi |l be noted that the observed curve ran below the predicted curve
as the winds continued out of the northwest.

On March 6 Washington was visited by a stormof unusual violence
with an extremely |owbaroneter. The center of the |owpressure area
passed out to sea east of the Del aware Capes, during the afternoon
of the 6th, after crossing the | ower Chesapeake Bay some hours before.
Under the influence of this |ow, southeast and northeast w nds were
felt at Washington, followed by shifting fresh north and nort hwest
wi nds. The easterly winds augmented by the | ow pressure caused a
hi gh water level in the Chesapeake Bay area. The high water at the
Naval Base, Hanpton Roads, Virginia, occuring at 10 hours onthe 6th
rose 3.1 feet above the predicted height, or an anount exceeding
the spring range of the tide at that place. A high water height of
over a foot was recorded at Washington the same morning. Wth the
wi nd shifting to the northwest quadrant, however, the wind effect
overcanme the | ow barometer effect and the water was rapidly driven
out of the river, as indicated by the straight line drop of the tide
curve from 19 hours on the 6thto 5 hours on the 7th. At the |ow
water, the river was 2 feet belowthe predicted low. Wth continued
nort hwest winds and rising baroneter, the river level reached its
lowest of 2 |/2 feet below the predicted height the nmorning of March 8.

It will be noted fromthe second illustration that although the
tide rose and fell, its range was decreased and hi gh water did not
even reach the plane of mean lowwater. At tinmes the river |evel
was nearly 4 feet bel ownormal |evel for those times. Owmng to a
continuation for several days of westerly winds, the river level did
not return to normal for something like ten days.

The feature that is brought out by an exam nation of the figures
is that although the winds and baronetric pressure profoundly affect
river levels, and to a | esser degree the range of the tide, the tines
of high and lowwaters are not changed as much as woul d be expect ed.

Predicted tides are based upon average weat her conditions.
Therefore, during abnormal weather, departures fromthe predicted
values inthe tide tables nust be assuned. This is an inportant
factor for a navigator to consider when in a vessel where the depth
of the channel approaches the draft of his ship.
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THE TRANSM SSI ON OF SOUND THROUGH SEA WATER

A L. Shalowitz, Cartographic Engineer, US. C & G Survey
(Comments on article by T. B. Reed appearing el sewhere in this bulletin)

Li eut. Reed's conprehensive report on the use of theoretical vel-
ocities in RA R hydrography on Georges Bank shows much t hought and
originality and indicates clearly the nany factors that nmust be consid-
ered in the successful prosecution of an of fshore survey by the nodern
acoustic nethods. The report, however, is also interesting from
anot her angle, nanely: the bearing it has on the further study of the
hori zontal transm ssion of sound through sea water.

It is quite evident froma study of the tenperature curves sub-
mtted by Lieut. Reed that for the Georges Bank area any velocity ex-
periments carried on in depths up to 20 fathons will add no infornation
what ever on the path of propagation of the sound wave; for the reason
that the tenperature being the same fromthe surface to this depth, the
sane theoretical values woul d be obtained regardl ess of the path cal cu-
lated for. This is essentially what was pointed out in ny report on
"The Horizontal Transm ssion of Sound Through Sea Water" (Sp. Report
46, 1931). It was there stated that "where there is little difference
bet ween the surface and bottomtenperatures, conparisons can be rmade
to fit almost any theory of sound propagation and the results woul d be
within the probable errors of the instrunents and met hods used. "

If we are to find a solution (if only enpirical) to the problem
of sub-aqueous sound wave propagati on we nust | ook to areas where the
tenperature gradi ent between surface and bottomis considerable. Accu-
rate tests conducted in such areas woul d be productive of decisive
results and an agreement between neasured vel ocities and theoretical
vel ocities for any assuned path woul d preclude every ot her path of
propagation, at least as far as the effective sound energy is concer ned.

This is well illustrated in the followng two tables, both of
whi ch have been extracted froma paper by the witer on "The Physi cal
Basi s of Mbdern Hydrographic Surveying."* Table | gives conparisons
of experinental velocities with theoretical velocities for various
pat hs, subdivided according to localities and based upon accumul at ed
data between the years 1926 and 1929. Table Il gives the average dif-
ferences between experinental and theoretical velocities conputed from
all observations, frombest observations (this excludes all those
conparisons narked with an asterisk in Table 1) and fromobservations
made in localities where the tenperature gradient is high, such as
exists in Al aska and off the coasts of Washington and O egon.

— A v S WL e G- —— D Smam AR e S G o — —— S oo —  —— —— oy ——t et

*Read before the Nati onal Acadeny of Sciences, April, 1931, and pub-
lished in the Proceedi ngs of the Acadeny, August, 1931
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TABLE | .

EXPERI- SURPACE MEAN BOTTOM
MENTAL VELOCITY VELOCITY VELOCITY E-8 E-M E—-B
i S (M) (B)
Gulf of Alaska
1469.8 1490.9 1478 .1 1469.2 —-21.1 —-8.3 +0.6
1467 .4 1483.0 1477.2 1470.2 —15.6 —9.8 —2.8
1471.7 1483.0 1480.1 1473.2 —11.3 —8.4 -~1.5
1471.0 1483.0 1474 .8 1469 .2 -12.0 —3.8 +1.8
1470.0 1484.8 1477 .0 1469.5 ~14.8 -7.0 +0.5
1468.9 1495 .1 1476.9 1488.8 —26.2 —8.0 +0.1
1469 .2 1483.7 1474 .6 1469.3 -14.5 —5.4 —0.1
Av. —16.5 |Av. —7.2 [Av. —(.2
Shelikof Strait
1470.2 1477 .7 1465.5 1464.9 — 7.5% +4.7* +5.3*
1470.1 1477.7 1465.2 1465.1 — 7.6* +4.9*% +5.0%
1474.0 1488.5 1471.6 1466 .6 —~14.5* +2.4* +7.4%
1466.0 1488.9 1470.7 1466.4 -22.9 —4.7 —0.4
1468.2 1477 .2 1466 .2 1464.9 - 9.0% +2.0* +3.3*
1473.0 1477 .2 1465.5 1464 .5 — 4. 2% - +7.5% +8.5%
1467.8 1488.9 1474 .7 1469.1 -21.1 | —-6.9 —-1.3
Av. —12.4 |Av. +1.4 |Av. +4.0
Oregon and Washinglon
1477 .8 1495.9 1487 .6 1479 0 -18.1 —9.8 —-1.2
1475.4 1495.9 1483.7 1475 4 —20.5 —5.8 0.0
1478.5 1497 .8 1484 .7 1477 . -19.3 —6.2 +1.2
1482.1 1497.8  1488.0 1478 7 -15.7 —3.9 +3.4
1475.2 1497 .8 1483.7 1476 .2 —22.6 —-8.5 | -1.0
1475.3 1497.8 1483.3 1475.7 ~22.5 —8.0 | —0.4
1476.7 1497 .8 1480.3 1475 .4 —21.1 —3.6 +1.3
14761 1497 .8 1480.1 1475.7 -21.7 —4.0 +0.4
1477 4 1497 .8 1483.7 14761 —20 .4 ~6.3 +1.3
1476 .4 1497 .8 1484 -7 1477 .4 ~21.4 —-8.3 —1.0
Av. —20.3 1Av. —6.3 [Av. +0.4
Northern California
1479.9 1489.7 1482.8 1479.0 - 9.8 —2.9 +0.9
1477.2 1489.7 1481.9 1478.7 —12.5 —4.7 —-1.5
1479.2 1489.7 1482 .4 1479.1 ~10.5 —-3.2 +0.1
1477.2 1489.7 1481.6 1478 .6 —-12.5 —4.4 —1.4
1480.9 1489.7 1481.7 1478.5 — 8.9 —0.8 +2.4
1479.3 1489.7 1481 .3 1478 5 —-10.4 —2.0 +0.8
1478.9 1489.7 1481 .4 1478.3 —~10.8 -2.5 +0.6
1481.1 1489.7 1481.7 1478.3 — 8.6 —-0.6 +2.8
1490.1 1497.3 1492 ¢ 1489.3 - 7.2 —1.9 +0.8
1489.1 1494.5 1492.0 1491 .2 —~ 5.4 —-2.9 —2.1
1490.6 1494 .5 1493.0 1491.7 — 3.9 —2.4 —1.1
1483.7 1497.3 1490.5 1486.7 —13.6 —6.8 —-3.0
1488.0 1497 .3 1490.5 1486.2 — 9.3 —-2.5 +1.8
1489.2 1498.8 1491.7 1489 .4 — 9.6 —2.5 —-0.2
1485 .2 1499 .2 1488 .1 1485.0 —14.0 —2.9 +0.2
1480.2 1489.0 1485.0 1480.2 — 8.8 —4.8 0.¢
1479.7 1489.0 1484 .2 1480.4 - 9.3 —4.5 —-0.7
1480.9 1489.0 1483.0 1480.3 — 8.0 -2.1 +0.9
1481.0 1489.0 1483.8 1480.0 — 8.1 —2.8 +0.7
1478.2 1489.0 1483 4 1479.9 —10.8 —5.2 —-1.7
1479.0 1489.0 1483.8 1480.7 —10.0 —4.8 —-1.7
1493.8 1493.2 1487 .4 1484.9 + 0.6* +6.4*% +8.9*
1487.8 1493.2 1487.9 1485.8 — 5.4 —0.1 +2.0
1490 .4 1493.2 1487.4 1485.5 — 2.8% +3.0* +4.9%
1486.2 1453.2 1489.6 1486.7 | - 7.8 —3.4 —0.5
1489.0 1482.1 1487.4 1483.1 ] — 3.1* +1.6* +5.9%
1489.0 14921 1488.8 1485.2 ; — 3.1* +0.2* +3.8*
Av., — 8.3 |Av. —2.2 (Awv, 40.9
Grand Average -12.3 —3.2 +1.0 |

C&GS. 442
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TABLE ||
(Average Differences in Meters per Second)

Surface | Mean | Bottom
Fromall observations (51) -12.3 | -3.2 +1.0
From best observations (42) -13.7 | -4.6 +0. 01
From observations in localities of
hi gh tenperature gradient (17) -18.7 | -6.7 +0. 15

Li eut. Reed's observations regardi ng t he rebonbi ng of buoys "Abl e"
to "Cast" (a distance of 70 miles) towards the latter part of the
season, when a cl ose agreenent was had with the distance as conputed
fromthe bonbing at the begi nning of the season (in each case the the-
oretical bottomvelocity was used) should not be taken as a corrobora-
tion of the "bottomvelocity theory." A study of his velocity
curves shows that the seasonal changes in velocity for the average
dept h between the two buoys (22 fathons) is practically the sane as it
is at the surface. And for any intermediate depth the sane difference
will prevail. Therefore, regardless of what theory of sound wave
propagation i s adopted, whether surface, nean or bottom the same dis-
crepancy in di stance between buoys "Abl e" and "Cast" woul d be obtai ned
if the same velocity is used for the two bonbi ngs. Whereas, if vel-
ocities corresponding to the respective tenperature conditions exist-
ing at the time of each bonbing is used, the same agreement in dis-
tance woul d result as was found by the use of bottomvelocities. As
long as the velocity gradient is the same for the various depths be-
tween surface and bottomno concl usions are possible as to the path
of the sound wave in the absence of any absol ute value for the dis-
tance bonbed. The use of theoretical velocities for any assumed depth
will merely result in either expanding or contracting the contro
schene.

The concl usi on, however, that is possible is that whatever the
assunmed path of the sound wave, it is of the utnost inportance in com
puting distances that theoretical velocities based on physical condi-
tions existing at the time of bonbing be used if a honogeneous contro
scherme is to result. Lieut. Reed s paper enphasizes graphically what
was stated in Sp. Report 46 - 1931 (above referred to) nanely: "
if we are to determine the path of the sound wave actually or enpir-
ically, we nust have a conpl ete picture of the physical conditions
encountered by the sound wave in passing frombonb to hydrophone."

The seasonal velocity curves for various depths subnitted by
Li eut. Reed show clearly what m sl eading results m ght be obtained in
an area |like Georges Bank, if an actual neasured velocity was conpar-
ed with a theoretical velocity based on a nmean seasonal tenperature
curve.

But while Lieut. Reed' s paper throws no additional light on the
"bottomvel ocity theory" it suggests to ne a possible method of at-
tacki ng the whol e probl emde novo. This nethod would utilize the
circunmstance that in any given area the seasonal difference in tenper-
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ature decreases as the depth increases. That is to say, the seasona
tenperature gradi ent decreases as we go downward until we reach a
depth where there is practically no variation in water tenperature

t hroughout the season. |If then two buoys 40 to 50 mles apart are

pl anted in such depth and the distance between them bonbed at the be-
ginning and end of the season, the neasured tine interval should be
the sane at both bonbings if the "bottomvelocity theory" is correct.
Thi s, of course, presupposes that the positions of the two buoys have
remai ned t he same during the two bonbi ngs.

If a close agreement is found in the di stance between the two
buoys at the two bonbi ngs when the same theoretical velocity is used
that woul d preclude the possibility of the sound wave having travel ed
to the hydrophone by any other path than the one cal culated for. For
the reason that, for any other path, due to the existing tenperature
gradi ent, an agreement in distance could only be obtained by the use
of different velocities.

Fromthe seasonal velocity curves in Lieut. Reed s paper it wll
be observed that on Georges Bank the theoretical velocity gradient at
40 fathons was practically zero for a period of three weeks during the
nonth of June. There are no tenperature observations for this depth
beyond this date, but if the tenperature at this depth should be found
to continue the sane throughout the season it woul d nake an i deal
depth in which to make the experinent.

I amin whol ehearted accord with Lieut. Reed in his recomenda-
tions that nmore tenperature observations be nade in deep water areas
and that nore experimental data be obtained to determine the path of
the sound wave. Regarding the latter |I should add that it is partic-
ularly desirable that such experinents be rmade in deep water where
the excessive correction for pressure conplicates the probl emconsid-
erably. At the present time there is a conspicuous paucity of work-
abl e data bearing on this phase of the probl em

A A A o

An Associ ated Press dispatch fromPetersburg, Al aska, dated
Sat urday, May 14, reads:

"A marker believed to have been placed in 1792 during an expl ora-
tion voyage by British ships into this region was found yesterday
by R chard Hof stad, a Petersburg herring fishernan. Inscribed on
the marker was: 'Capt. Ceo. Vancouver, RN, H M Ships D scovery
and Chat ham'

"The vessel s D scovery and Chat ham under "Vancouver's comrand,
wintered in Conclusion Bay at the end of the expedition which
crui sed along the A askan coast just prior to the nineteenth cen-
tury."
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GENERAL

ADEQUATE AND | NADEQUATE SURVEYS

The mai n steanship tracks in Southeast A aska have been surveyed
and many of themhave been dragged. There still remains, however,
much work to be done before it can be said that Southeast Al aska is
adequately charted. Many localities only slightly renoved fromthe
mai n tracks, where | arger vessel s mght have occasi on to anchor or
where snal | er ones mi ght endeavor to shorten their routes, are inade-
quately surveyed. The frontispiece in this issue of the bulletin shows
a section of chart No. 8160 enbracing the region in the vicinity of
the Level Islands, Summer Strait, before and after applying the sur-
veys nade by the party on the EXPLCRER in 1929. It requires but lit-
tle imagi nation to prophesy what woul d have happened to a navi gat or
who, equipped with the informati on shown on the earlier chart, attenpt-
ed to anchor his vessel southwestward of the Level I|slands in depths
presumably of 10 to 15 fat hons.

WHO SWHO INTHE U. S. COAST AND GECDETI C SURVEY

Page 78 of this issue shows a copy of the cover page of "Wo's
Who in the U S Coast and CGeodetic Survey." The editionis typewit-
ten and limted to exactly three copies, one each in the offices of
the Director, the Assistant Director, and the Editor. Wile not for
general distribution, a copy will always be available for the many
official reference uses towhich it will be put.

The first edition includes all civilian personnel in Gades P-4
and CAF-8 and hi gher, the commissioned personnel above the grade of
Ensi gn, and those whose nanes appear in the organi zation chart printed
inthe Drector's annual reports.

New editions will be issued in Decenber of each year, at which
tine copies of the pages relating to the nenbers concerned will be for-
war ded for revision.

The many who have been burdened with such tasks will appreciate
the inportance of the availability of biographical sketches. Many
hours have been spent in researches that woul d have been unnecessary
had this plan been inaugurated years ago.

BROM GRAVI TY APPARATUS

A new gravity apparatus, designed by Lieut. E. J. Brown and con-
structed under his supervision, is now being successfully used in the
field for gravity determnations. The first field test involving 14
stations was conpleted in Muy.

In order that there m ght be no confusion between the ol d net hod
and the newin the records and conputations and in order that the sta-
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tions determned by the new nethod coul d readily be distinguished from
the others, it was desirable to adopt a nane for the new apparat us
and net hod.

Since the design of the apparatus and many of the original ideas
were due to Lieut. Brown, the Drector, on June 8, 1932, authorized
the Dvision of Geodesy to call the apparatus the Brown Gravity Appar -
atus, and the method for its use the Brown Gravity Mt hod.

NCRWEA AN GRAVI TY APPARATUS.

The Chief, Division of Geodesy, has recently received the manu-
script of avery interesting article witten by Captain K Wl d and
Engi neer G Jelstrup of Norway. It will be renenbered that Captain
Wl d spent several nonths in this country a few years ago and nade an
i ntensive study of the surveying met hods enpl oyed by the Coast and
Geodetic Survey.

The article describes an inproved formof gravity apparatus which
was desi gned and constructed by the authors of the article at an ex-
trenely |l ow cost. The old Von Sterneck apparatus belonging to the
Nor wegi an Geogr aphi cal Service was used as a basis for the new appar -
atus. Several novel devices are included in the apparatus, as, for
exanpl e, an al um numrecei ver base whi ch serves as an el ectric heating
pl ate by means of which, and a thernostat, the tenperature of the re-
ceiver is controlled automatically. Several features are somewhat
simlar to those enployed in the recently inproved gravity apparatus
of this Bureau.

Anyone interested in the Norwegi an apparatus nay obtain a m nmeo-
graph copy of the article by Captain Wl d and M. Jelstrup by appl y-
ing to the Director of this Bureau. The article is included in a
Report of the Commttee on Inprovenents of Methods in Gavity Measure-
ments of the National Research Council of which comittee WIIliam
Bowi e i s Chairnan.

AZI MUTH VARKS AT TR ANGULATI ON STATI ONS.

As is well known by the personnel of the U S. Coast and Geodetic
Survey, first order, triangul ation parties have, for several years, been
establishing an azimuth mark, at a distance of from300 to 400 yards
fromthe triangul ation station, which can be seen fromthe ground at
the station. The object of such anmark is to enable the |ocal engi-
neer and surveyor to start his traverse froma triangul ation station.
There are very few engi neers who have equi pment or experience which
woul d enabl e themto erect towers over stations in order to start from
aline of the triangul ation.

Parties of this Survey are nowinstructed to indicate, on the
lists of directions and al so in the descriptions of stations, those
obj ects whi ch may be seen fromthe ground. Such objects as church
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spires, cupolas, water towers, etc., are very valuable for use in

| ocal surveying and engineering work as azimuth marks. These objects
infirst order triangulation are cut in by the observer and, in gen-
eral, the observations depend on two positions with a 9-inch theodo-
lite. Since the total range of 16 positions on an object is sel dom
greater than 8", it is reasonably certain that the direction to an
intersection station is seldomin error as much as 4". That is of
sufficient accuracy for general surveying and engi neering work.

Publ i shed descriptions of triangulation stations will contain
i nformati on regardi ng the obj ects whose azi muths have been det erm ned,
whi ch can be seen fromthe ground. In cases where there are no such
obj ects, whose geographi ¢ positions have been determned, the obser-
vers obtain the directions to nearby objects such as chi meys, barn
cupol as, etc., which are visible fromthe ground and whi ch can be used
as azimuth marks for local surveys.

There is an increased interest in the triangulation data of the
Coast and CGeodetic Survey and every effort is being nade to neet the
denands of engineers and others who use them It is believed that the
furni shing of azimuth data, as outlined above, is a step in the right
direction.

HOR ZONTAL O RCLES CF SI LVER

Since the Coast and CGeodetic Survey has decided to use horizontal
circles made entirely of silver for the first order theodolites, it
is interesting to | earn what has been the practice in maki ng horizon-
tal circles in the past.

Aletter was wittento Brigadier H St. J. L. Wnterbot ham
D rector of the Ordnance Survey of Great Britain, asking hi mwhether
he had any records in his office which would showwhat rmaterial was
used for horizontal circles in the past and when silver strips were
first used to carry the graduations. Under date of May 21, 1932, he
replied as follows:

"After a prolonged investigation on this matter of silver
theodolite circles we have established that they were introduc-
ed by Rei chenbach in 1804, and were used in Engl and about that
tinme. Previous to 1804 we had al ways used solid brass circles,
and in sone cases silver-brass, and the latter becane the nore
popul ar, and was used until we heard of Rei chenbach's i nprove-
nments. About 1820 you nay say that silver slips were in gen-
eral use, and | would refer you as confirmatory evi dence to
Wl f' s Handbuch der Astronom, vol. 3, p. 32."

As far as is known, the Coast and CGeodetic Survey has nade the
first all-silver horizontal circle for a theodolite and it will be in-
teresting to knowwhether this circle will be superior to the old type,
whi ch consi sted of bronze with an inlay of silver. The first circle
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has been made and graduated and it will be placed on one of the new
Par khurst 9-inch theodolites which if being nade at the office of the
Coast and Geodetic Survey in Washington. It is possible that the now
circle can be given field tests within the next two or three nonths.

Al R- PHOTO TOPOGRAPHI C SHEETS EAST COAST OF FLORI DA
(Extract fromReport of M H Reese)

In locating new airway beacons al ong the East Coast of Florida,
called for in instructions dated Novenmber 18, 1931, particular atten-
tion was paid to the air-photo topographic sheets of that area. The
purpose of this careful attention was to deternmine the accuracy of the
sheets, this being the first field check since the conpilation of the
sheets.

Seven airway beacons were |ocated by triangulation on seven dif-
ferent air-photo topographic sheets. These sheets were well distri-
buted over the entire area, giving a representative check on the com
pilation of the sheets.

The method used in determining the accuracy of the conpilation
was by plotting the airway beacons on the air-photo topographic sheets
by measurenents to topographic features shown on the sheets. The
beacons were also located by triangulation and plotted on the air-
photo topographic sheets. The anounts by which the positions failed
to agree are given bel ow

Beacon No. 24, Sheet No. 4553, Difference 3.0 nmeters.
" 17 "o 4556 " 0.0 "
" " 16 " 4555 " 2.0 "
! 11 " 4543 " 4.0 "
! " 10 "o 4542 " 0.0 "
" " 6 " 4462 " 2.0 "
" " 2 " 4527 " 0.0 "

Four traverses were run on sheets 4530, 4531, and 4458 to |ocate
ai rway beacons on these sheets. The traverses were run by starting
fromsome point on a road near the center of the sheet and were run
along the road across the sheet to beacons which were |ocated near the
western limt. The taping was with a 50-nmeter steel tape and checked
with a 300-foot steel tape. The angles at bends of the road were
measured with a theodolite. The neasured distances checked with the
scal e distances fromzero to 5 neters. The azimuths of the various
bends of the road checked very well. The culture shown on the sheets
agreed very closely with the topographical features on the ground

It is ny opinion that where it is inpracticable to |ocate |and-
mar ks by triangulation, sufficient accuracy can be obtained by relat-
ing the objects to topographic features on the air-photo sheets.

The U. S. Engineers have used the air-photo topographic sheets
extensively in the devel opnent of the Inland Waterway from Ornond to
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Mam , Florida. They have used the sheets for a nunber of purposes.
In areas where the sheets were available the prelimnary |ocation of
the canal was nade fromdata shown on them In a nunber of cases the
sheets were enlarged to the scale of 1:5,000 for use in plotting the
soundi ngs and | ocation of the dredged canal. The Engi neers using
themstate that they find the detail very accurate.

The Engi neers state that by having the air-photo topographic
sheets available a |arge sumof noney had been saved in surveys of the
Inland Waterway. It is thought that the continuance of this work a-
long the coast where inland waterways exist will be found to be very
profitable, both to the Coast and Geodetic Survey and the U S Engi-

neers.
LEVELI NG I N TEXAS.,

During the month of April, Lieut. James D. Thurnond ran 116.8
mles of first-order leveling along railroads in Texas by wal ki ng dur -
ing actual observations. This work was done during 20 worki ng days
and, therefore, represents a progress of 5.8 mles per day of com
pleted double line. This is remarkabl e progress for any party where
the noves fromone instrunent station to another are nade on foot.

SECOND- CRDER LEVELI NG | N ARKANSAS

There is quoted bel ow part of a letter fromLieut. Glbert R
Fi sh, dated May 2, 1932, to the Chief, D vision of Geodesy:

"W finished the line of second-order |evels fromManmoth Spring
to Shirley, Arkansas, |ast Wdnesday and noved to Jasper, Arkansas,
on Thursday. The line was 95 mles long and was | evel ed in one day
over three weeks, not counting some rainy days and one day spent in
nmoving. For the entire line the party averaged between 130 and 135
set-ups a day and on April 25 the party nmade 196 set-ups between 8:25
A M and 4:40 P.M, with one hour out for lunch and about 15 m nutes
for a'C shot. The progress on that day was 6.6 mles."

From"Nauti cal Magazi ne", d asgow, Scotland, March, 1932

The Centenary Report of the Association of Field Engineers, U S
Coast and CGeodetic Survey, contains much matter of interest to the sea-
man. The director's introductory report refers, anong other matters,
to the waning interest of the Arerican nation in rmaritime affairs after
the clipper ship era, her energies being al most wholly directed to the

devel oprrent of her land and internal resources in general. Coast sur-
veyi ng consequently suffered as a result of the general |ack of inter-
est innautical affairs. 1In respect of what had actually been done in

the surveying of territorial waters, he pays high tribute to the pains-
taking exactitude of the results achieved in former years by his pred-
ecessors working under difficulties unknown to surveyors of to-day.
During the last 10 years an enornous amount of |eeway in the surveying
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of territorial waters has been nade up. For exanple, in 1918 only

27 per cent. of the waters off the Californian Coast had been survey-
ed, whereas in 1931 78 per cent. of this area had been conpl et ed;

nore renmarkable still, 14 per cent. around the O egon Coast had been
converted to 100 per cent. fully surveyed during the aforenentioned
period. An interesting article on the cost of naritime surveying is
very revealing; in that the unit cost of this operation has been re-
duced by 47 per cent. since the devel opment of echo soundi ng and

radi o acoustic ranging. The range of multifarious duties performed
by this anphi bi ous corps of engineers is shown by the follow ng ex-
anples of their activities: Mgnetic Surveys; Velocity of Sound in
Sea Water; Aty Triangulation; Earthquake Research; Conpass Errors;
Tides; CQurrents, etc., etc., (It mght be nentioned that the ubiqui-
tous Nautical Magazine is represented twice in the pages of the re-
port, two short articles fromthe N M being reproduced.) There is

a short article on the use of the sidereal chrononeter at sea for
stell ar observations. Such a tinepiece was carried in one of the sur-
vey vessel s (of which they have 13). The contributor of the article
recomrends the other vessels to try this chrononeter out, as it has
consi derably shortened all his stellar conputations. The general get-
up of the report is excellent, as it really seens to be a medi um

t hrough whi ch the personnel of the Departnent can swop i deas and know

| edge.

RECENT LEGQ SLATI ON
H A Seran, U S. C &G Survey

The work of the Survey for the comng fiscal year will be affect-
ed by three bills: First, the Regul ar Appropriation Bill; second, the
Legi sl ative Appropriation Bill, commonly known as the Econony Bill;
third, the "WAgner-Garner Relief Bill".

The last has not, at this date, been enacted. At the tine this
article is being witten it is understood fromthe press that the
President is ready to veto the Bill as agreed to by the conferees on
the part of the House and Senate, and that imediately upon his veto
nmessage being received by Congress, an attenpt will be made to change
the Bill to neet his objections.

e itemin this "Relief Bill" appropriates #1, 250,000 for the
field work of this Bureau. It is believed that this itemw Il bere-
tained inthe final bill. [If this appropriation becones avail abl e,

present plans contenpl ate operating a nunber of shore parties al ong
the Atlantic and Qul f Coasts, a nunber of control parties in the in-
terior states, and a couple of fairly large parties on the Pacific
Coast. The Bureau has set as its goal the enpl oynment of about 1,000
men during the fiscal year fromthis relief nmoney. |If this "Relief
Legislation" is not enacted, the work of the Bureau will be largely
curtailed owng to the reduced appropriations in the regul ar Appro-
priation Bill. The various field appropriations, as carried in that
bill, are as fol |l ows:
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Atl antic Coast $ 150, 000
Paci fi ¢ Coast 200, 000
Coast Pil ot 5, 500
Repai rs of Vessels 60, 000
Pay, Oficers and Men 555, 000
Federal , Boundary and State Surveys 150, 000
Tides and Qurrents 20, 000
Magneti c wor k 40, 000

The large reductions come in the itens far the Pacific Coast;
Federal , Boundary and State Surveys; and Pay, Cficers and Men. The
anmount allowed for Pay of Cfficers and Men will require the discharge
of a large nunber of nen and probably conplete |ay-up of several of
the shi ps.

The so-called Econony Legislation Bill presents a nunber of prob-
I ens and questions upon which the Conptroller General will have to
rule. As his decision has not as yet been rendered, it is inpossible
to state exactly what the effects of this bill will be.

You have all read in the papers of the required furlough of al
Federal enpl oyees. 1In so far as practicable, each enployee of the
Government will be required to take a furlough without pay of one nonth
or its equivalent. The Conptroller has already rul ed that a deduction
of 2-1/2 days' pay can be nade each nonth, but that in case an em
pl oyee takes nore furlough than has been deducted fromhis salary, a
further reduction fromthat salary payrment wll be nade.

The Bill provides that for those enpl oyees to whomthe furl ough
pl an can not be applied advantageously, a reduction of 8-1/3 per cent
in salary may be nmade. It is believed that upon the representations
of the Bureau, the President will approve this latter procedure in re-
gard to crews of vessels and hands on shore parties. The furlough or
reduction of pay applies only to those enpl oyees draw ng nore than
$1, 000 per year. A lowances for subsistence, rental, etc., are exenpt.
In other words, the $1,000 applies only to straight salary.

Al lTaws relating to annual |eave of absence with pay are sus-
pended during the fiscal year. At this date it is not known whet her
that includes accrued | eave. The Conptroller has been requested to
render a decision. It is expected, however, he will rule that no
| eave can be taken through the year.

The Bill allows no increases of salary on account of pronotions,

and prohibits filling of any vacancies that may occur unl ess speci -
fically authorized by the President. An attenpt is being nade to se-
cure authority to fill any vacancies that may occur in the crews of

t he ships and organi zations of the shore parti es.

M| eage is suspended during the year and travel allowances will
be the sane as for civilian enployees. In lieu of actual expenses
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for subsistence, a per diemof not exceeding $5.00 within the contin-
ental limts of the United States is prescribed for everyone.

The Bill prohibits the transportation of an autonobile as a part
of an officer's effects, although it allows $5,000 each to the War
Department and Navy Departnent for such purpose.

Annual leave is cut from30 days a year to 15 days. This is
permanent |egislation and presunably will be in effect after July 1,
1933. Leave is allowed to accunul ate for everyone.

There are a nunber of other itens in the Bill, none of which
applies particularly to the personnel of this Service. As a final
toss of the nmonkey wench, there is a provision in Section 111 of
the Econony Bill which reads as foll ows:

"No court of the United States shall have jurisdiction over
any suits against the United States, or (unless brought by
the United States) against any officer, agency, or instrumen-
tality, of the United States, arising out of the application
of any provision of the title, unless such suit involves the
Constitution of the United States. "

Not only do we contribute a nmonth's pay on account of the
Econony Bill, but, as the official statistics of the Departnent of
Labor showed a drop in the costs of rents and in the retail cost of
foods, the President was forced, under the Act of June 10, 1922,
(Joint Pay Act) to reduce the rental allowances to commissioned of fi-
cers from$20 a roomto $18 and the subsistence al |l onances from 60
cents for one allowance to 52 cents. Certainly the uniformed ser-
vices are standing their share.

v'.'l- ni ':\ o . A - .'I’

THE ASSOO ATI ON

The recent election of officers of the Associ ation resulted as
follows: President, G T. Rude; Executive Coomttee, C L. Garner,
A M Sobieralski, R R Lukens, E. W Eickelbergand F. S. Borden.

In keeping with the times, the Executive Commttee is endeavor-
ing to present a bal anced budget at the end of the year. This will
not prove difficult provided the conparatively few menbers who have
not paid their dues will help by forwarding a check or noney order for
the anount indicated on the "Statement of Dues'* enclosed in this issue

of the Bulletin.

The Executive Commttee wel cones at all tines suggestions or con-
structive criticisns related to the activities of the Associati on.





