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THE FI RST HUNDRED AND FI FTEEN YEARS

R S. Patton
Drector, U S (Coast and Geodetic Surrey
(Extract fromthe Drector's Annual Report to the Secretary of
Commerce for the fiscal year 1931)

The submi ssion of its one hundredth annual report nust be an inter-
esting event in the career of any organization. Actually, the Coast and
Geodetic Survey is nore than a century old; its centennial was cel ebrated
in 1916. The present anniversary therefore can be only of passing in-
terest. It does, however, justify a brief backward gl ance, if for no
ot her purpose than to deternmne what guidance for the future can be drawn
fromt he experiences of the past.

During the past century the Coast and Geodetic Survey has had its
vici ssitudes. Adequate performance of the main task assigned to it has
been rendered difficult by the fact that over the greater part of the
period this Nation as a whole has not been ship mnded. Wth the pass-
ing of the clipper-ship era, and the subsequent concentration of the
Nation's energi es on the devel opnent of our great interior domain, the
nati onal vision of the Arerican flag upon the high seas, of American
commerce carried in Anrerican bottons, becane obscured to an extent from

whi ch recovery is not yet conplete.

This popul ar attitude made the bureau's task an up-hill struggle in
whi ch progress was usually less than the situation required. Qur terri-
torial waters contain far too many rocks and shoals naned for unfortunate
vessel s whi ch were wecked on them because this bureau had not gone
there earlier with the surveys which wuld have located themin a far
nore orderly and econonical manner. Fortunately, the past decade has
w tnessed a narked inproverent in this respect, and the situation to-day
is better than at any tine during the latter half of the century.

As we study the Coast and Geodetic Survey itself, we note two char-
acteristics which have been outstanding over the whol e period of its
exi st ence.

The first relates to the high concept of fidelity and integrity a-
dopted as the initial standard for its work, and which has since been

scrupul ously adhered to through all vicissitudes. |In that distant period
when the Coast Survey was being |aunched on its m ssion of public ser-
vice, surveying inthis country was a crude art, limted alnost entirely

to the delineation of property boundaries. Land was plentiful and noney
scarce, and the property owners of that day could not afford to pay the
cost of accurate surveys even had met hods of maki ng them been avail abl e.
Surveying, therefore, was little nore than a formality to give a rough
approxi mati on of the area of a tract of land, and to aid in the recovery
of certain physical marks on the ground so long as those marks renai ned
intact; but too crude to serve in reestablishing the marks if they be-
cane totally obliterated.



When we recall this then prevailing attitude toward surveying, we
realise howrenarkable it was that the first Superintendent of the Coast
Survey, Ferdi nand Hassl er, could have concei ved of the unprecedented
programwhi ch he proposed, and above all that he coul d have brought about
its adoption. That programwas for a survey of the entire coast; to be
executed pi eceneal, it is true, but executed with such accuracy, con-
tinuity, and fidelity, and with the whole held fixed by a precise frane-
wor k of geodetic control, so that every part would fit accurately into
each adjacent part. It was to be a survey of such breadth of conception
and fidelity of execution that in appropriate parts it woul d serve not
nerely the limted purposes of the imediate present, but also the broad-
er and nore exacting needs of a distant future. It enbodi ed an ideal of
servi ce which woul d stand the test of tine.

Throughout the years the bureau has hel d steadfastly to that ideal.
That whi ch has been done at all has been done thoroughly. [If sacrifices
have been required, they have been nmade in the volunme of results accom
plished, not in the quality of that which was done. On the other hand,
inthe practical, day-by-day application of an ideal which m ght be
carried to extrenes, the bureau has kept its standards sane and reason-
able. It has realized the distinctions between, the superaccuracy and
refinenent which are theoretically possible and the nore reasonabl e at -
tai nnents which are economcally justifiable. 1t has endeavored to be
alert and progressive without being radical.

The second outstanding characteristic is a corollary to the first.
That whi ch has just been described can be summarized by the statenent
that the Coast and Geodetic Survey has at all times attenpted to nain-
tain its work on a firmscientific basis. Naturally, therefore, it has
also attenpted to maintain a proper relationship to those branches of
sci ence upon which its work inpinges. Through that relationship it has
both contributed to science and received from science.

The bureau's contributions to science have been nostly incidental
by-products. There seens to be an unwitten lawto the effect that the
Federal Governnent shall not engage broadly and avowedly in scientific
research. Such research is undertaken fromtime to time, but it always
has as its objective some definite, limted, utilitarian purpose. The
bureau' s penetrations into scientific fields have been of this character,
and the resulting benefits to science have been of two kinds: (1)
Accurul ations of precise data nmade available to scientists outside the
Federal service for studi os which have opened the door to new truths;
and (2) occasional studies of such data by bureau personnel, through
which simlar scientific progress has been attained. For exanple, the
Coast and Geodetic Survey has devoted years to observing the rise and
fall of the tides at hundreds of points along our coasts in order that
the mariner may make practical use of the data thus obtained, yet the
sane data have been studied in the Survey office and fromthem have been
derived the now general |y accepted theories explaining the tidal phe-
nomena. The bureau has studied terrestrial nagnetismin order that the



mari ner and t he surveyor may have know edge of the extent to which from
time to time, and fromplace to place, the conpass needl e deviates from
true north. The data collected as a basis far these studi es have prov-
ed invaluable to scientists is the great research | aboratories of the
Nation studying problens of radio transmssion and related natters. The
geodetic data obtained in the course of the Survey's work have contri -
buted much to the better determnation of the size and shape of the
earth, The Survey neasures the force of gravity at hundreds of points

t hroughout the country as a necessary part of the triangulation by which
it gives to the engineer accurate di stances between points on the earth's
surface, yet the gravity determnations have had i nportant additiona

val ues in enabling geophysicists to arrive at a better know edge of the
constitution of the earth. To serve the mariner the bureau has neasured
the depths of the coastal waters and studied their circulations. The
preci se and detailed information thus accumulated is of naterial value to
t he broad science of oceanography.

The principle underlying this relationship to science has been a
constant realisation by the Coast and Geodetic Survey that the results
of its labors had inportant collateral values additional to those in-
herent in their primary purpose, and the bureau has al ways been zeal ous
that these additional values be utilized to the fullest possible extent.
Thi s zeal has had an inportant reaction which along has fully justified
the relationship. By reason of the resulting cl ose contact with sci-
entific progress the bureau through t he years had adapted to its own
purposes a long series of scientific achieverrents which enabled it to do
nore and better work at steadily decreasing unit costs. Mich of the
wor k acconplished to-day is done at unit costs undreaned of 30 years ago,
in spite of the great increase in the cost of |abor and materials. The
men in the service to-day probably are no nore industrious and faithful
than were their predecessors of the earlier period. |f they acconplish
nore, it is principally because they have better facilities with which to
work; facilities which they could not have had to t he sane extent had they
failed in appreciation of this scientific relationship.

Finally, this relationship is in part the cause and in part the ef-
fect of a high service noral e which has been of untold practical val ue.
In a service charged with the execution of tasks requiring nmany years
for their acconplishrment, there is always danger that the personnel will
dig thenselves into a narrow rut in which perfornance becones stereotyped
and perfunctory, methods and processes ossify to a seriously inefficient
obsol escence, and the servi ce becomes unresponsive to changi ng public
needs. Therefore, within reason, any influence which w dens t he hori zon,
inspires alertness and enthusiasm and hel ps to keep the service in step
with national progress is to be wel conmed.

The Survey's contacts with science have had that effect. Wile it
istrue in part that the contacts have existed because of the existence
within the service of the desirable characteristics nanmed, it is equally
true that the contacts have been a powerful factor in sustaining and
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strengt heni ng those characteristics. Action and reaction are equal here,
as el sewhere, and can be dismssed as such. The inportant fact is that
without this mutually beneficial relationship the Survey coul d not have
attained to the position of useful service which it now occupi es, and
the Nation, not the bureau or science, woul d have been the princi pal

| oser.

The profit to be derived fromthis reviewis obvious. The Coast and
Geodetic Survey, in spite of its age, is young and vi gorous to-day be-
cause throughout the years it has kept before its nmind s eye a vision of
useful service to be performed; a vision so inspiring as to exact from
one generation after another the best which each could give, Preserva-
tion of that vision undimred is essential to equal usefulness in the years

to cone.
AA AT AFAFFGHA A A A AT

UN TI D STATES
DEPARTMENT CF THE | NTERI CR

GEQLOGE CAL SURVEY
Sept enber 1, 1951,

The Director,
U S COoast and CGeodetic Survey.

Dear Sir:

The Geol ogi cal Survey acknow edged, with t hanks, receipt of your
letter of August 22, File No. 60-BJ, in which you state that a sati sfac-
tory plan has nowbeen worked out whereby the U S (Coast and Geodetic
Survey engineers in charge of field work may know specifically what con-
necti ons between work of this Survey and that of the U S. Coast and
Geodetic Survey will best nmeet the needs of the topographic branch.
These ties to Geol ogi cal Survey work will obviously reduce the cost of
fieldwork of this Survey and will nmake it possible to advance the work
of topographi c mappi ng with much greater rapidity.

The cooperation of the US. Coast and Geodetic Survey in the past
has proved of inestimable value to the Geol ogi cal Survey, | trust the
execution of the aforenentioned plan will not interfere materially with
the present field practice of the U S (Ooast and Geodetic Survey. Your
courtesy in this natter is appreciated.

Yours very truly,

(Sgned) Julian D. Sears
Acting Director,
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LEVELI NG OOCPERATI ON I N CREGON

Lewis A MArt hur
Secretary, QO egon Geographi c Board

Cficers of the U S (Coast and Geodetic Survey may be interested in
what is being done in the state of Oregon toward inproving the type and
frequency of bench narks, elevations of which are established by spirit
leveling. During the field seasons of 1930 and 1931 a great deal of this
work was carried on in such a way as to dovetail with the |eveling opera-
tions of the Coast and Geodetic Survey in Oregon, and as a result of
these activities, the first-order level net of the state will not only be
intensified in so far as nileage is concerned, but the newer work will be
so much better than the ol der work fromthe point of density of marks
that conparison woul d al most be odi ous.

As nost of the officers know, the leveling itself is but a means to
an end. The bench marks are the only tangible results that are left for
the use of the public, and unless these bench marks are of a pernanent
character and placed in positions where they will be of greatest use to
the public, the work falls short of the ideal.

About ten years ago the witer becane interested inthe matter of
devel oping the level net of the state. He enlisted the interest of cer-
tain menbers of the Oegon State H ghway Department and al so of the
engi neering departnents of a nunber of railroads. Representatives of
various power conpanies al so becane interested in the problem as well
as sone city and county officers. ne of the first tangible results of
the work was the adoption by two of the |argest power conpanies in the
state, towt, Portland E ectric Power Conpany and Pacific Power and
Li ght Conpany, of a standard type of bronze bench mark disk simlar to
that used by the governnental bureaus. The Oregon State H ghway Depart -
nment shortly thereafter adopted a standard bronze di sk bench nmark, and
this act was followed by a simlar one on the part of the State Engi neer.
Sate Engi neer bench narks are prinarily intended to be installed in per-
manent | ocations near streamgauging stations so that in cases where a
gauge is disturbed it is possible to replace the staff at the original

el evati on.

Ct her organi zations in QO egon which have adopted pernmanent disk type
bench marks include the U S. Forest Service, the U S. Bureau of Public
Roads, the U S. Enhgineers, dackamas County Roadnmaster, and the city of
Portland. As aresult of all this activity on the part of various organ-
izations it becones apparent that when leveling is to be carried on in
Oegon it is of great inportance to get a complete list of all bench
marks that nmay have been established adjacent to the proposed | evel |ines.
The results of first-order levels are so valuable that it is to the in-
terest of all organizations to have their bench narks turned on during
the course of the work. It is obviously a great advantage to have el eva-
tions established for all marks whi ch may previously have been set, where
t he wor k of connecting does not involve running nore than a few hundred
feet fromthe main route of travel.



The Oregon State H ghway Department has set a | arge nunber of per-
manent bench marks. |Its standard specifications call for at |east one
bench nark in every substantial concrete structure, and in the case of
I ong bridges, bench narks are generally set in both ends. These narks
are used by the bridge engineer's division as a basis for taking the
cross section of the channel of the streameach year to see to what ex-
tent piers and abutnents nay be threatened or underm ned, G8HD bench
marks are also used to a great extent by resident engineers in connec-
tionwith addition and betternents to existing hi ghways, and also in de-
si gni ng new hi ghways, particularly county market roads.

Modern transmssion line construction requires in many cases that
profiles be prepared before supporting structures can be |ocated and de-
signed. Accurate levels are alnost a necessity for good transm ssion
lines, especially in rough territory. Besides this, federal and state
regul ations require accurate determnations of damand powerhouse el eva-
tions. The two power conpani es nentioned above have adopted as standard
practice a requirerment that all pernmanent structures be provided with
bench mar ks, even though it may not be possible to provide sea | evel
datumel evations for the marks at the present tirme.

Vari ous governmental bureaus, such as the Forest Service and the
Geol ogi cal Survey, of course, require benchmarks for mappi ng purposes.
The Bureau of Public Roads has found it necessary to nonument nany of
its highway projects with concrete posts, which serve as alignnent and
right-of-way nonuments as well as bench narks.

The exi stence of a considerabl e nunber of pernanent marks previous-
|y established by other organizations adjacent to proposed new | evel
routes i s, of course, sonething which should be called to the attention
of the U S. Coast and Geodetic Survey officers who are in charge of the
newwork. Cbviously, it would be a difficult natter for the Vashi ngton
office togot intouchwith all the various organizations in the field
to determ ne in advance where nmarks have been installed. The G egon
Geographi ¢ Board has, therefore, nade it a practice of keeping a file on
all the old work so that when a new Coast and Geodetic Survey line is in
contenplation a list of existing nmarks may be nade up and turned over to

the proper officer.

Besides all this there are many cases where | ocal organizations in
Cegon have found it desirable to install additional disks al ong proposed
Coast and Geodetic Survey routes. Sone of these organi zations may be
planning work to be carried on in the next two or three years, and by
securing the establishnent of an elevation near the starting point nmuch
future labor will be saved. During the past two or three years the
Cegon State H ghway Departrent and the U S, Forest Service have set
per manent bench nar ks al ong proposed Coast and Geodetic Survey routes
wi thout determning their el evations. These nmarks have been install ed
as the basis of future operations. The net result of these activities
has been that the Coast and Geodetic Survey level circuits in this state
on which the field work has been done in 1930 and 1931 show a much hi gher
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frequency of bench marks than is the case in the ol der work. An exanple
nmay he cited by way of conparison of the U S. Coast and Geodetic Survey
l'ine extended fromKl amath Falls to Ohtario in 1920. This line is
approximately 439 mles long and it determnes the elevations of 177

per manent bench mar ks, nost of which were set at the time the |ine was
run, although a fewolder narks are included in the total. This pro-
vides a frequency of .4 bench mark tothemle, or, putting it the other
way around, there is a bench mark every 3.5 ml es.

In 1930 four different lines were run in this state, with an aver-
age m | eage per permanent bench mark of .93, 95, .98, and 1.03 or, for
all practical purposes, a bench mark for each mle of line. A conpari-
son between this work and the 1920 work needs no comrent. Further, it
shoul d be said that the character of the narks on the newwork is nmuch
nore substantial, so that not only has the frequency been increased to
about two and one-half tinmes that of the older |ine, but al so the nmarks
on the newwork will, in all probability, have a much longer Ilife.

Oficers of the Coast and Geodetic Survey may be interested in sone
notes that the witer has nmade in respect of suitable |ocations for
bench marks. Among the suggestions that occur are the foll ow ng:

Situations near hotels are desirable froma point of view of adver-
tising and public policy. It is frequently possible to put a disk at
the entrance of an inportant hotel without much extra work. A large per-
centage of the traveling public now goes by autonobile and does not have
an opportunity of seeing bench marks at railroad stations. Cenerally
speaki ng, nodern hotel s have suitable locations for the installation of

di sks.

The sane suggesti on may be made in respect of post offices, even
when they are in rented structures. Here again a suitably installed disk

is an excellent type of advertising.

The witer feels that perhaps nore attention should be given to the
matter of junction points with old lines. It is believed that in cases
where the ol der work antedates the newwork by as much as ten years, one
new per manent nark should be installed, irrespective of the conditions
of the older marks. In many cases the nost suitable newlocationis in
the most nodern and up-to-date building in the community. It is obvious
that if anewlineis started fromold work where tw narks are already
installed in old structures, certainly these should be fortified with one
newmark in a modern building. The old marks can not have the expectancy
of life a newnark will have, especially since the art of concrete con-
struction has devel oped so rapidly during the | ast decade and has to a
great extent supplanted brick and stone.

In the western states bench marks in bedrock certainly have a | ong
expectancy of life. Experience in Oegon indicates that the bedrock
bench narks have nmuch less nortality than any other type, and in nost of
the Wstern states, bedrock is frequently avail abl e.
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Iron post bench marks shoul d be reinforced wherever possible by
casting about the post a quantity of concrete, approximately equal to
the bulk of one of the new type concrete posts used by the Coast and
CGeodetic Survey. If an old mark is worth redetermnation, it is certain-
Iy worth perpetuation. In this section of the United States it is appar-
ent that iron posts that have been in the ground upward of 25 years can
not have nuch expectancy of |ife.

The old type iron post did not present sufficient cross section to
w thstand severe treatnent fromheavy truck wheel s, especially when the
ground is soft fromwi nter rains. A heavy truck will knock an iron post
out of plunb with but slight inpact. A substantial concrete jacket wll
convert an old iron post mark into a permanent installation, especially
since the iron will provide a substantial reinforcement. The concrete
j acket should extend belowthe frost line. |Incidentally, the appearance
of the old iron post above the ground line is no indication of actua
conditions bel owthe surface. Frequentlythe tops look fine, but further
i nspection will disclose alnost conplete corrosion a couple of feet be-
| ow.

There is an ever-present tendency to w den existing hi ghways, |If
possi bl e, posts shoul d not be set on the insides of curves, nor in |ocal-
ities where it is obvious that material will be borrowed to w den the
roadbed. Furthernore, the posts should not, as a general thing, be es-
tablished in the vicinity of crossroads or other places where subsequent
improverrent will call for enlargenent of curve connections to crossroads.
The enl argenent of crossroad connections is apparently increasing. Be-
sides this, the establishnent of filling stations at inportant intersec-
tions has destroyed many bench marks. It is suggested that pernmanent
mar ks should not be instilled in roadside posts within 500 feet of im
portant intersections.

The tremendous educational val ue of bench marks in school s cer-
tainly shoul d not be overlooked. Principals and teachers are begi nni ng
to know nuch nore about bench nark disks and these marks are frequently
di scussed i n geography and physi cal geography classes. It is often pos-
sible to utilize a school bench mark as a basis for a short talk to
school children about the inportance of such marks in general and cal
attention to the fact that they shoul d never be disturbed or destroyed.

The Boy Scout novenent has an inportant bearing on bench marks.
The witer has been able to utilize Boy Scout troops on several occa-
sions in the work of checking up descriptions of bench narks set nmany
years ago. Very frequently a troop of Boy Scouts can run down and re-
describe these marks in less tine than it would take an adult to do it.
Since a great many Boy Scout neetings are held in schools, this furnishes
an addi tional incentive to, establish bench marks in school buil dings.

Anot her thought in connection with bench marks in the arid parts of
the west conmes to mind after inspecting a series of marks set very close
to the banks of a small stream It probably did not occur to the bench
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mark setter who installed these marks in a dry summer that the stream
m ght ever get out of its banks. In this particular section there was
native rock available for the entire di stance whi ch coul d have been
reached with probably one extra set-up at each post. Besides wi nter

fl oods, many sections of the western states have cl oudbursts, and posts
set near creek bottons will not last [ong under these conditions. In
addition, frost is much worse in these | ow, noist sections.

The witer suggests the installation of marks in pairs, say, not
nore than .25 mle apart. Engineers are urged to start fromtwo marks,
yet there are many cases where this is inpracticable. An engineer doing
a snall amount of leveling can not ordinarily be expected to run back
three mles to a check point. |If the Coast and Geodetic Survey's stan-
dard installation could provide for standard narks approxi mately once
every two mles with these marks installed in pairs, it would, in the
opi nion of the witer, greatly increase the useful ness of the marks, and
al so make possible the future rehabilitation of destroyed marks with
much | ess work.

It is the belief of the witer that the cooperative plan now being
utilised in Oregon mght be put into effect in other states in the Union
with great benefit to all concerned. It seens probable that the Coast
and Geodetic Survey could get in touch with interested persons in many
comuni ties who would be only too glad to correlate the various agencies
that should be so vitally interested in this inportant work.

RSN
OONTRACT S| GHED FOE SURVEY VESSEL

FromPacific Marine Review, July, 1931

Formal contract was recently signed by the Canadi an governnent and
the Colli ngwood Shi pyards, Ltd., Collingwood, Ontario, for the construc-
tion of a hydrographic survey vessel to be 214 feet between perpendi c-
ulars, 36 feet beam She will have twin screws propelled by triple
expansi on st eam engi nes devel opi ng 1200 i ndi cated horsepower. Steam
w |l be supplied by two Scotch boilers. The vessel will have a speed of
12 knots | oaded.

(V@ are glad to learn that this fine newship is to be fully
equi pped for R A R work)
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SOME RESULTS GBTAI NED | N THE READJUSTMENT CF THE
TR ANGULATI ON | N THE EASTERN HALF CF THE UNI TED STATES

Dr. O S. Adans
Seni or Mat hemati ci an, Division of Geodesy,

The readjustnent of the triangulation in the western half of the
United States by the Bowi e nethod was conpleted in 1929. H ans were at
once nade for the application of the sane method to the first order
work lying east of the 98th neridian arc. It was planned to hold this
arc as fixed in the western adjustnent. The conpl ete schene incl udes
arcs of the U S. Lake Survey and an arc of triangulation of the Geo-
detic Survey of Canada extending fromLake St. dair to the northwestern

boundary of Mai ne.

In this conprehensive network of arcs it was necessary to establish
29 junction figures and 55 sections of arcs. |In New England and al so
in the southeastern states it was necessary to adopt rather extensive
junction figures due to the conplicated nature of the triangulation in
those regions. The arcs of this adjustnent forma network that con-
sists of 36 closed | oops. The figure shows the closures that were found
in these loops after the prelimnary adjustnents.

The work on the prelimnary adjustnents has been in progress during
the past two years with varying nunber of nmen assigned to the sections.
In a nunber of the arcs the field work was in progress and these could
not be adjusted until the final records were obtained in the office.

The field work on the last of these arcs was conpl eted about July 1 of
this year. 1In the first week in Qctober the prelimnary adjustments
were finished and the positions in the junction points were deternined.

Inthe figure are shown, expressed in feet, the loop closures in
latitude and in longitude, with the total closure and the proportiona
part of the length of the circuit that this closure represents. The re-
sulting closures are not quite as good as those found in the western net
but there are two reasons why this should be so. In the first place,
the circuits are snaller and hence the chance for bal ancing of errors
is not as great. |In the second place, those circuits with one side on
the 98th neridian arc had to have the closure adjusted into the renain-
ing sides since this arc is held fixed.

Field work is nowin progress for a first order arc extending from
Massachusetts and Rhode |sland down the Atlantic Coast to Fl orida and
t hence-westward to Mobile. In addition, a nunber of cross arcs from
this newwork to join the oblique arc at various places wll be observ-
ed. This newwork will then be adjusted into the network as deter-
mned by the present adjustment. It is expected that this work will be
conpleted within the next two or three years. This will give excellent
control for the second and third order triangulation that is already in
exi stence in the inmedi ate nei ghborhood of the coast.
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In the eastern adjustrment is included a continuous arc of triangu-
lation along the Mssissippi R ver fromNew Oleans to Cairo, Illinois.
Then fromthat point to St. Paul, Mnnesota, a newfirst order arc has
been conpleted just recently and this work is being adjusted to fit
into the network as given by this present adjustment. This neans that
for the first time adequate first order control will be found through-
out the total length of the Mssissippi Rver, To this control the
second and third order work along the River will be adjusted so that
all of the control will be on one datumand everything wll be perfect-
'y consistent.

In deference to the wishes of the International Boundary Comm ssion,
United States and Canada, and to the Geodetic Survey of Canada, an
agreenment has been reached to hold fixed the Buffal o-Trenton arc and
to make a suppl enentary adjustment of junction positions in New Engl and
i ncludi ng the Canadian arcs to the northward and eastward. This will
be done in cooperation with the Geodetic Survey of Canada and will re-
sult in a conpletely coordinated net with the inclusion of all the
Canadi an first order arcs that are conpleted in that section. The
Canadian arcs joining on the western half of the country have al ready
been coordinated in the Worth American Datumof 1927 and this present
work will put the two countries on a conpletely unified system This
is anost satisfactory condition for both countries and is one that is
absolutely needed for the Boundary Commssion. Aunified datumis the
only solution where it is necessary to use control fromdifferent arcs,
and this has to be done in fixing the boundary between the United States
and Canada.

T S N L N SR (| S N | S N ) ) S| VT B S
# i[r Tf! # o ﬁé T OFTFF vfl A S S

Extract from"Surveying and Mappi ng Met hods" by Lenvi k Y vi sakeor,
Engineer, U S. Engineer Ofice, St. Louis. AWML ENG NEER NG
Decenber, 1931.

* * * * detailed requirenents as to the accuracy and presentation
of the map sheets were stated in the specifications as follows:

"Map sheets shall be prepared on a pol yconic projection at a scale
of 1:12,000'.* * * * The horizontal positions of all features shall be
shown on the North Anerican datumand all elevations referred to Qul f
level .* * * * Al| features shown on the nmaps shall be | ocated with such
accuracy that no error is nmeasurable to the scale of the map."

e successful feature of the winter work was sounding through the
ice, using ice augers to drill holes for the sounding lines, * * * *
Aerial photography was utilized by the contractor as a basis for all
mappi ng. Qultural features were transferred fromthe photograph to
field boards and topography was sketched in the field by the plane table
method. The triangulation stations along the river, established by the
M ssi ssippi R ver Comm ssion, were used for primary horizontal control.
* x % * Agignificant fact devel oped was the inability of the contractor
to economcally utilize the charts of the forner survey in reducing the
anount of field work.
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PROGRESS ON THE GECRGES BANK PRAJECT

Prepared in the Dvision of Hydrography and Topography.

Field work on the Georges Bank project, started in 1930 by the par-
ties on the LYDON A and OCCEANOGRAPHER, was resuned the latter part of
May, 1931, by the parties on the HYDROGRAPHER, CCEANCGRAPHER, LYDCN A
and G LBERT and continued until the latter part of Septenber.

Approxi nately one-third of the Bank proper was surveyed during the
season. This included | arge areas having depths | ess than 20 fat hons.
These were found to have extrenely irregular bottomand required close
developnent. It is estimated that one nore season will be required to

conpl ete the project.

In general, the LYDON A and d LBERT served as nagnet ophone station
shi ps whil e the HYDROGRAPHER and OCEANCGRAPHER did the sounding. The
one exception to this programwas the survey, by the A LBERT, of Georges
Shoal whi ch was consi dered dangerous territory for the deeper draft ships.

Wil e serving as magnet ophone stations, the LYDON A and @ LBERT
accunul ated a | arge anount of current, astronom cal, water tenperature,
salinity and weather data, whichw |l prove useful in a study of this
inportant region and will undoubtedly assist in the further devel opnent
of of fshore survey net hods.

Several submarine valleys, lying in the track of trans-atlantic
shi pping, were found along the edge of the Continental Shelf. The out-
line of one of these, which is considerably larger than "Corsair Gorge",
di scovered during the 1930 season, is shown on an acconpanyi ng pl ate.
Illustrating the report of Lieutenant-Comrander Adans on the "Echometre”,
inthis issue of the bulletin, is show a copy of the actual record
made on the French Line S.S. DeGRASSE when crossi ng west bound over this

f eat ure.

Wgent requests fromfishing and shipping industries for early in-
formation concerning the results of the season's work pronpted the mak-
ing of a prelimnary print which was conpiled directly fromthe boat
sheets of the field parties. This print, considered as a "Notice to
Mariners”, was available for distribution in about two nonths after the
close of the field season. Copy of a section of the print is included
inthis bulletin.

Wth the exception of the survey of Georges Shoal by the G LBERT,
where hand lead and three-point visual fixes on floating signals were
used, practically all of the soundings were by fathonmeter and were con-
trolled by RAR distances fromthe two floati ng magnet ophone stati ons.
O one occasion nore than 500 mles of fully controlled, fathomneter
sounding lines were run in 24 hours of continuous fog.
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The R AR triangulation schene which fixed the positions of the
nmagnet ophone stations was carried westward frombuoy ABLE, the position
of which was carried over fromthe previous season, to buoy CAST - a
distance of 70 miles. The latter buoy was planted by the U S. Light-
house Service and will serve to carry position to next year's work.
Astrononmical sights taken in the vicinity of CAST indicate that the true
position is somewhat to the westward of the position conputed through
the scheme. The evidence is not sufficiently conclusive, however, to
warrant stretching the scheme. Any adjustnent in this respect, found
necessary after next year's work, can readily be made by changi ng the

scal e of the sheets.

An acconpanyi ng plate shows the schene of RAR triangulation.
The individual quadrilaterals were adjusted for closure under the super-
vi sion of Lieutenant-Commander G D. Cowi e by the equal area nethod
devel oped by Dr. Q S. Adans. This nethod is described el sewhere in
this bulletin and is acconpani ed by the conpl ete adjustment of one of
the figures in the 1931 scheme. The adjustnent did not change any | ength
of any side in any of the quadrilaterals by nore than 35 neters, thus
gi ving consi derabl e weight to the accuracy of the bonbed di stances.

Frequent cel estial azi muths were obtained through the schene. To
have attenpted to hol d each of these fixed woul d have necessitated
changing the angles resulting fromthe | ength adjustment and woul d have
required a very conplicated and unwarranted adj ustment. Consequently,
the mai n scheme was first conmputed through as a traverse hol ding (1)
the adjusted | engths, (2) the angles resulting fromthe adjusted quad-
rilaterals, and (3) the mean of three azi muths whi ch happened to have
been observed in one quadrilateral. Al of the observed azinmuths in the
scherme were then conpared with the correspondi ng conputed azi mut hs and
the entire scheme swung by the resulting al gebraic nean of the differ-
ences. This anounted to about 7 mnutes. The nain schene was then re-
conputed as a traverse by way of ABLE- EASY- GEORCE- BOY- KI NG and CAST
whil e stations DOG FOX-JI G and LOVE on the south side of the schene were
conputed as branches fromthis traverse using the mean of the two ad-
justed I engths obtained for each line common to two quadril ateral s.

Acconpanyi ng pl ates and tabul ati ons show sone of the results ob-
tained on this interesting project, while other articles in this issue
of the bulletin describe definite phases of the work. Additional in-
formation will be given in future bulletins as reports fromthe field

parties becore avail abl e.
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CONVERSION TABLES

METERS FATHOMS FATHOMS METERS
1 0.546806 1 1.828804
2 1.093611 2 3.657607
3 1.640417 3 5.486411
4 2.187222 4 7.315215
5 2.734028 5 9.144018
6 3.280833 6 10.972822
7 3.827639 7 12.801626
8 4.374444 8 14.630429
9 4.921250 9 16.459233

CONVERSI ON TABLES ( ABOVE)
AND FORMS (BELOW FOUND USEFUL
IN COVWPUTATION OF RAR WORK ON GEORGES BANK

DEFPARTMENT OF COMMERCE

.5 COAST AHD GEIPETIE Suaer COMPUTATION OF TRIANGLES

=a. 3. oz . GIVEN: TWGO SIDES AND THE INCLUDED ANGLE
N BRAEE: it e e e
Friey ST HBUERVEL ANGLE RN "m m w o ;;;S-F-_' A - LOGARITHM
A
e 175-25~06 . A 4.127 298
s 87-42-33 VN8 B 3.85) 826
A5+ g 62-03-4552 \ \C TAN[{45+ @}l 0.275 472
@ 17-03-45.52 N an@ | 9487 035
1 [A+B 2-17-27 “\ | cotic | s602 102
z (A-B 0-42~ 12.45 \ [mani(a-B]| 8.089 137
A 2-59-39.45 B B | -35- 14.55
I [ A °
=A-Bl = e =C 5 = TAN (4
FORMULAE?ANQQA. B) mfszfl oT £C 8 (45+ @)
HAa+8) = 90'- 50

DEPARTMENT OF COMMERCE

U5 £OAST WD GEODENS SURE COMPUTATION OF TRIANGLES
¥4, Jun., 1820 GIVEN: THREE SIDES

N State: . U S
8. SEATLN SR BIANGER | ot ST | S | Biiosioordint LOGARITHM
A 28 895 -~ M| 3.747 4484
B 46 985 s-a 4321 1011 | A< TC s-a | 4.321 1011
c 23 802 s-B 3455 7582 | B4 | 14-56-38| tands 9.426 3473
2 | 99 682 s-c 44156243 | A |29-53-16 s-B | 3.455 7582
] 49 841 121624836 | B4 | 62-56-20| 1anBb 0.291 6902
S-A 20 946 s 46975867 | B [125-52-40 s-C | 4415 6243
5-8 2 856 74948969 | C4 | i2-07-02| wanGh 9.331 8241
s-¢ 26 039 M 37474484 C | 24-14-04
= AEBHC - A S8 (5D
FORMULAE: '~ 2 M " v S
TAN%:-Q ITAN %:—E—_—B— TANQh=z1= o
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RELATI NG MAGNETCPHONE TO BUOY ANCHCR Oh R A R
BUOY CONTRCL HYDROGRAPHY
. METHCDS USED ON THE HYDROGRAPHER

R A Rddell, Jr.rH&G Engineer, US C &G Survey.

e of the largest sources of error on RA R work when using float-
i ng magnet ophone stations lies in relating the position of the magneto
phone to the anchor of the buoy narking the station.

As the magnet ophone nmust be maintai ned at some di stance astern of
the station ship in order to be free fromship noises, it is generally
necessary for the vessel to anchor several hundred neters fromthe buoy
to avoid fouling the magnet ophone cabl e on the buoy, when the vessel
swings with the current.

The acconpanying plate, reduced considerably in scale, shows the
actual plotting of the rel ationship between the nmagnet ophone and buoy
anchor on August 21, 1931, while the HYDROGRAPHER was servi ng as a st a-

tion ship at Buoy "Boy", Georges Bank.

The necessary observations, ordinarily made at half hourly intervals,
are (lI) current observation, (2) bearing and range finder distance from
bridge to buoy, and (3) bearing and range finder distance frombridge to

nmagnet ophone.

The plotting is done on as large a scale as convenient. Froman
assurred position of the buoy anchor, the circle representing the path
of the buoy is sw ng, using the scope of the buoy as a radius. For a
particul ar observation, the buoy is plotted on the circle fromthe data
furni shed by the current observation. The position of the bridge is then
back plotted fromthe buoy and the position of the magnet ophone plotted
fromthe distance and bearing to it fromthe bridge. The true bearing
and di stance of the nagnet ophone from the buoy anchor is then scal ed
directly fromthe plot, entered in the records and radi oed to the sound-
ing vessels. The formused for entering the data in the records of the
several units is shown on the plate,

It will be noted that the path of both the bridge and magnet ophone,
as determned by half hourly plottings, is definitely elliptical. The
maj or axes of the ellipses undoubtedly result fromthe straightening
out of the ship's anchor chain during the strength of the current. The
question naturally arises as to what the actual path of the buoy is and
howrnuch it differs froma circle. Tests nmade to settle this point
have not, thus far, been concl usive.

When using the nethod described above on RA R triangulation to ob-
tain the correction at the magnet ophone end of a bonbed line, the com
ponent of the eccentric distance nmeasured along the azimuth of the line
between the two buoys is obtained and applied as a plus or mnus correc-
tion to the bonbed distance. In nmuch the sane way, the correction at
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the other end, necessary to relate the bonb to the second buoy anchor,
i s obtai ned.

In case the conbi ned eccentricity of bonb and nmagnet ophone, nor nal
tothe line, is large enough to cause appreciable error, due to assum
ing that the actual distance is the sane as its projection on the line
bet ween the buoys, a correction for the difference must he applied. Wth
a line 18000 neters (approximately 10 miles) in length and a resultant
nmagnet ophone and bonb eccentricity, normal to the line of 600 neters,
the correction amounts to 18000 - 18000 Cos 1° - 55' = 10.1 neters.

1. METHCDS USED ON THE LYDON A.
G D Bowie, H & G Engineer, Commandi ng LYDON A

When the LYDONI A acted as a magnet ophone station, and a range find-
er was avail abl e, she obtained the sane data that the HYDROGRAPHER has
nenti oned. Wen none was avail abl e, she obtained distances by sextant
angl es. A base was neasured from stemto stern on the LYDON A and two
observers stood at the ends of the base. Each observer measured the
angl e between the other's sextant and the buoy. These angles plotted on
the base gave the distance fromthe ship and the direction with refer-
ence to the ship's head. Wen the buoy was al nost ahead or astern, this
nmet hod could not be used, and so a depression angle and pel orus bearing
was taken to the buoy.

The range finder was the nost accurate method of finding distances.
By hanging a | antern on the buoy, distances to the buoy coul d be neasur-
ed at night by the range finder. Qher methods woul d not work at night.

In plotting the data, instead of starting with the buoy anchor and
wor ki ng to the magnet ophone, as done by the HYDRORAPHER the LYDON A
started with the ship's bridge or the base of the ship and worked to both
t he magnet ophone and the buoy anchor. The base was laid off on coordi-
nate paper and the angles plotted to the buoy positions. From the buoy
positions a line was drawn in the direction opposite that of the current
for a distance equal to the scope of the buoy. The distance and direc-
tion of the nagnetophone float were plotted fromthe position of the
ship's bridge. Aline was drawn fromthe position of the magnetophone
float to the anchor of the buoy. The Iength of the |ine gave the dis-
tance between the magnet ophone and the buoy anchor. The angl e between
this line and the line of the ship's head, plus the true bearing of the
shi p, gave the direction between t he nagnet ophone and t he buoy anchor.

Exanpl es of tabulation of data are shown on an acconpanyi ng pl at e.



FOmY TSED TOR DATA TQ HRELATE MAGNETOPHOKE TO BUOY AWCHOR
{1} When Uaing Deprassion Angle or {2} Fhen Using Pase Line cn Station Ship

¥ay 25, 1§31 - near Buoy X% - Scope of Buoy =

104 meters, Megnetophone 21,5 m. astern

anchor of E‘lmir 3z

CONVERTING BOMBED DISTANCE TO DISTANCE BETHEEN BUGY ANCHCRS
{Conputation Method)

CASE 1
E]!uta:c-a 'betwenn anchor of Buoy A and

ne- y

E--—- -(x_;—B

YA +Tp
distance ‘From position of bomb explosion
ta hydrophone

Bom'o time Icarrscteﬁ) x valocity of
sound ,

" MAGNETOPHONE

The TehipTslUev. | SHLD'S Erides to.Buoy Wag. to Ducy] Pelorus to |Bridgs 1o
g0th [Hesd % | Eead |Peal- Dep, Haters |True : %Float Buoy Remgi<s
ez, |P.5,C.|Var. | True_ | orus Angle Alingie B[Bre. |Meters| Hridge| Stara] True
.7:25) 517 | -15.2 | 501.8 17-37 (153-10 |244.7] B& 180 Bugy to Btha,
"Bi45| B51 .| -14.8 | 336.28 | 173 3-43 }113 B353.6] 651 » "o
10:13 25 =18.2 | .18.8 158 3-86 122 Bl.B 50 " " " "
15:05| 180 |~18.3 | 140.7 @ 145-44 | 17-22 T148.9| =46 " moomoom
153251 180 =19.%3 | 140.7 15 £5~-08 az 1145.8] 220 " " n -
114:00| 174 | -18.2 | 164.8 | 358 5-12 BL 154.0( =241 - n Buoy fo Port
ote: 0 range findex '&1:111,‘13 ble cn Bhis aate.
Distenes to bhuoy measured by depression angle.
Digtemes to busy measured by stgles & and B from ends of bage line.
—

CASE 2
Listancs betwezn anchor of Buey 4 and
Enchor ¢ 3woy B =

EE- (IA -KB ’z‘
I - Tp

R = distance from position of bomb at the
time of explosior to bydrophons.

D =

= Bonb time |corrected) x welocity of
sound.

GEM J

CE2E5-440
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ADJUSTMENT OF A COMPLETE QUADRILATERAL WHEN ALL
LENGTHS ARE MEASURED

Dr. O. S. Adams, Senior Mathematician,
U.S.C. & G. Survey.

(This method was used for the adjustment of all the quadri-
laterals in the R.A.R. buoy control scheme of triangulation on
Georges Bank, 1931. The work was accomplished under the super-
vision of G. D. Cowie. Complete adjustment of one of the actual
figures in the scheme is given in this article.)

In A with sides a, b, and c¢, we have

4 Atrea = (/(a + b Y¥o)l-a + b & ejla - b +cj{a + b - ¢)

With measured lengths L, L,, and L,, we must add a "v" to
each length if any conditions enter into the computation.

Now

1
{Ly + Lo + Lg + V] + Vg + v3)"=vL] + Lg + Ly +
Y| + Vo + V3
2 VLl + L2 + L5

in which we use only the first powers of the v's. In the same
way

.
(-Ll+ Lg + Ly - v, ¢+ Vo + Vs}z = V—Ll + Ls + L3 +
-v] + Vg + Vg
BV-Ll +_L2 + Ls

So also for the other two parts of the formula. Then mul-
tiplying these four factors retaining only the first powers of
the v's, we have

4 Area = y(Lj+ Lo+ Ly)i-Li+ Lot Lg){Li- Lo+ Lp)l{li+ Lg- L3)

V{-Ly+ Lg+ Lz} (Ly~ Lo+ Lz)(Ly+ Lg- Lg)
2 yLy + Lgt+ Ly

(vl+ V2+ VS)

VIL1+ Lo+ Lyl (Ly- Lt Lg) (Li+ La- Lzl

+ Vot Vo ¥
2 y=Li+ La+ Lg (v Vat )
2 Vii- Lot Ig (vq- Vot V3)
+ V(Ll+_L3+ 15}(‘Ll+ Lo+ Lﬁ)(Ll— Lo+ Lx)

(vl+ Vo= vs)

2 VL1+ Lz- L5

There will be a similar expression for the area of each of
the other three triangles. The condition is obtained by setting
the sum of the areas of two of the A equal to the sum of the
other two. We multiply each expression by 2 to remove the fac-
tors in the denominator. We will then have
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J(:Ll+ L2+ Lz) (Llf L2+ LS) (Ll+ Lo~ LS)
v L1+ L

(vl+ vz+ vs)
ot I

viL1+ Lo+ L5T1L__'[___: Lot Lz) { Lp#% Lo- Lgz)

* V Lqt Lo+ Ly (~v1* Vot v3)

s V{Li+ Lo+ L) (-Li4 Lo+ Lg) (Li+ Lo- Ly)
' v Li- Lo+ Ly

\)(Ll'i- Lot L5) (-Ll'l' Lot Ls) (Ll- Lot L5)

(vl'- 'V'z" 73)

(V¢ Vo= Vg)

+ \/(-L5+ L_4+ L5) (LB” L4:+ Ls) (LS"}' Lé" L5)

Vﬁ13+ g (v5+ Vut v5)

\F"in‘ L4:+ L5

+ (-v5+ vyt v5)

.; y (Lot L,+ Le] (-Lat Lyt Lg) (Lg+ L,- Lg)

V- V,,+ V7

(75+ Va4~ v5)

{(=L1+ La+ Lp) {(Li= Lo+ Lg) { Lq+ Lg~ Lpl):
_VU-Ig Lat Lg) (Ly- Le+ Lg L' 247 260 (4 ve vg)
\/‘Lli‘ L4+ Ls

U Lgr Dyt Lol (Lq- Lot Lg) (Tg# Ly- LGT’(_v + V4 V)
\/:Ll+ Lé:"" L6 t ¢ °

J(Tl'l- L4:+ Lﬁ) ('—Ll-l' I..4_'4' L6) (Ll'f' L4_,-' Lﬁ) (v T )
\/T.al— Lé__-l- L6 1 4 6

\/ Ll-l- L4_ Le

- J{_LB"- L5+ LG) (Lg- L5+ Lﬁ_) (Lz'l" L5" Ls)
V“LB“P L5+ Le

(V14 74— V)

(v2+ Vet va)

_VLp¥ Lo L) (L= It Le) (ot Lo~ 2e) o o Loy
v-Lot Lg¥ Lg et

J(L2+ L5"|' LG) (-‘Lz'l' L5+ LG) {Lz"' L5"' I‘ﬁ) (v vt v
i vV Ig- Lg+ Lg 2 5% Vel

v Lz+ Lg- Lg

(Vo V- Vg) =

Cd68-410
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-2 (L1+ Lo+ L5) (—Ll+ Lo+ L5) .(Ll— Lo+ Lg) (Ll-l- La- L:W;T

2/ (Ll+ Lg+ Ls) (_-Ll-l- Lg+ Le) (Ll- La+ Ls) (Ll+ Lg- Lﬁ)

2y (I.3+ Lsf LG) (-L2+ L+ La) (Lg-— Ls-l; Lﬁ) (L2+ Ly~ LB_T

Omyaeamwmmtm one of the quadrilaterals inthe 1931 RAR
schenme of triangulation follows: The adjusted figure, Boy-George-Have-
Jig, is shown below. The distances not shown in parenthesis are actua
bonb di stances corrected for eccentricity of magnetophone and bonb. They
are inreality the observed distances between buoy anchors. (See article
by F. A Riddell inthis issue of the bulletin). The angles not shown in
parenthesis are those resulting fromthe conputation of triangles using
observed di stances. The discrepancies in the figure using these angl es
are shown in the table.

The distances given in parenthesis are those obtained from adj ust -
ment by the Adans' method, while the angles given in the parentheses are
those corresponding to the adjusted distances.

Angul ar val ues before adj ustnment.

' " ' " ' "

o] ' " o] 0 0
B&G 23 55 28 GHB 76 29 40 HIG 22 35 44 JBH 80 32 46
JGH 34 50 44 BHJ] 46 17 50 GIB 30 47 06 HBG _44 59 00
BGH 58 46 12 GH) 122 47 30 HIB 53 22 50 JBG 125 31 46
BGH 58 31 20 GH) 122 33 32 HIB 53 09 24 JBG 125 17 26
Diff. 14 52 Diff. 13 58 Diff. 13 26 Diff. 14 20

May 26, 1931
Avé. d:apth 20 fms. George

Boy Vel. 1483.4 m/sec 20 fms.

126 17 26
{125 =28 20)

1
May 25, 1931 Tune 6, 1931 <0 Vay 28, 12°%0 fms.
abmth 22 Ims, . th 22 fms. Avg. 48
AV P 1482.2 Avg. QBDTR T, TNy Vel 1482.2

\

53 09 £4
(63 12 29)

fig May 25, 1931 .
fms . vgs depth 24 Tms.
21 Avg: 1481.1 m/sec.

& GS-41g
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orge

23.1.33
Boy T
/’ L
L 3
50. 28 6 6.850
18,328, 5
' Distances given
55, 008 in kilometers.
T Tig
Computation of Areas and Goefficients.
AW
Li+ Lot Ls -Li+ Lot Ls Li- Lo+ L Li+ Lo L
16. 817 25. 008 16. 817 16. 817
25. 008 36. 890 36. 890 25. 008
36. 890 61. 898 53. 707 41. 825
78. 715 -16. 817 - 25. 008 - 36. 890
45, 081 28. 699 4. 935
1. 8960575 5. 7012050 5. 7012050 5. 7012050 5. 7012050
1. 6539935 3.7921150 3. 3079870 2.9157336 1. 3865744
1. 4578668 2)1.9090900 2)2.3932180 2) 2. 7854714 2)4.3146306
0. 6932872 0. 9545450 1. 1966090 1. 3927357 2.1573153
2)5.7012050
2. 8506025
708. 9287 9. 0063 15. 7257 24.7022 143. 6532

Note: The above derives the values corresponding to the first

4 lines of the equation given on page 18 as wel |

as the first line of

the right side of the equation (except the coefficient 2) given at the

top of page 19.



AY!

Lot Lyt L
36. 890
23.132
18. 328

78. 350

5

1. 8940390
0. 6599162
1. 5063156
1. 6200736
2) 5. 6803444
2.8401722

692. 1054

Ly Lyt Ig
A, 18.817
S 23,132

20.289
60.238

1. 7798705
1. 4249469
1. 1453207
1. 2935835
2)5. 6437216
2. 8218608
663. 5303

1. 8036278
1. 1338262
1. 4308648
1. 3626144
2) 5. 7309332
2. 8654666
733. 6124

Lot Lat Iy L= Lyt Ly Lot L= Ly
23.132 36. 890 36. 890
18. 328 18. 328 23.132
41. 460 55. 218 60. 022
- 36. 890 -23.132 -18. 328
4.570 32. 086 41. 694
5. 6803444 5. 6803444 5. 6803444 5. 6803444
3. 7880780 1.3198324 3. 0126312 3. 2401472
2) 1. 8922664 2) 4. 3605120 2)2.6677132  2)2.4401972
0. 9461332 2. 1802560 1. 3338566 1. 2200986
8. 8335 151. 4453 21.5703 16. 5996
L1t Lyt Lg Li= Lt Lg Ipt Ty~ Lg
23,152 16.817 18.817
20,.28¢ 20.289 23,132
43,421, 37,106 39.949
-16.817 -2%,132 -20.289
26.604 1%.%74 19.860
5. 6437216 5. 6437216 5. 6437216 5. 6437216
3. 5597410 2. 8498938 2. 2906414 2. 5871670
2) 2. 0839806 2) 2. 7938278 2)3.3530802 2) 3. 0565546
1. 0419903 1. 3969139 1. 6765401 1. 5282773
11. 0152 24. 9410 47. 4832 33. 7503
- Ly+Ls+Lg L,- Ls+Lg Lo+Ls- Lg
18. 328 25. 008 25. 008
20. 289 20. 289 18. 328
38.617 45. 297 43.336
-25. 008 -18. 328 -20. 289
13. 609 26. 969 23. 047
5. 7309332 5. 7309332 5. 7309332 5. 7309332
3. 6072556 2. 2676524 2. 8617296 2. 7252288
2)2.1236776 2)3.4632808  2)2.8692036  2) 3. 0057044
1. 0618388 1. 7316404 1. 4346018 1. 5028522
11. 5302 53. 9054 27. 2021 31. 8311

-21-




N,

- 708.9287
—~ 692.1054

~1401.0%a1

Substituting val ues:

+9. 0063 (V,+V,+V3) + 15,7257 (-

143. 6522

21.5703 (Vs-V

24.9410 (- Vi+V4t+Ve) 47.4832 (Vi-V4+Ve) - 33.7503 (Vi+Ve-Ve) -
11.5302  (Vot+Vs+Ve) - 53.9064 (- VotVst+Ve) - 27.2021  (Vo-VstVg) -
31.8311 (Vo+Ve-Ve) = -7.7828
Summ ng values of Vi, V, Vi etc.
+9.0063 - 15.7257  +9.0063 - 24.7022  +9.0063 - 143.6522
24. 7022 11. 0152 15. 7257 11. 5302 15. 7257 151. 4453
143. 6522 47.4832  143.6522 27.2021 24.7022 - 295.0975
24. 9410 33. 7503 53. 9064 31. 8311 8.8335  + 96.4376
+202.3017  -107.9744  +222.2906 - 95. 2656 21.5703  -198.6599
-107. 9744 - 95,2656 16. 5996 Vs
+ 94. 3273 +127. 0250 +96. 4376
Vi Va
+8.8335 - 21.5703  +8.8335 - 16.5996  +33.7503 - 11.0152
151. 4453 11.0152  151. 4453 11. 5302 31.8311 24. 9410
16. 5996 24.9410 21. 5703 53.9064  +65. 5814 47. 4832
47. 4832 33. 7503 27.2021 31. 8311 11. 5302
+224.3616 - 91.2768 +209.0512  -113.8673 53. 9064
-91. 2768 -113. 8673 27.2021
+133.0848 + 95. 1839 -176. 0781
Vs Vs + 65. 5814
~110. 4967
Ve
+94.3273V1 + 127.0250V, - 198.6599V;+ 133.0848V, + 95.1839Vs - 110. 4967V
=- 7.7828
2
¥
B897.04  -7.7838 = _0.0000752118 = ¢
16155.556  103478.51
39465.75 (bserved adj ust ed
17711.56 Vi = -.0071  16.8170 16.8099  For final
905¢.98 V, = -.0096  25.0080 24.9984  corrected
12708.23 Vz = +.0149  36.8900 36.9049  adj ustment
103478.51 V, = -.0100  23.1320 23,1220 ~ See next
Vs = -.0072  18.3280 18.3208  Page.
Ve = +.0083  20.2890 20. 2973

(Vi- Vo- V) +
4+Vs) + 16.5996 (V3+V,- Vs)

8.8335 (Vz+V,+Vs) + 151.4453 (-

-22-
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663.5303
733.6124

~1397.1427

—1401 0341
TTToE.8914
A2
-7.7828

Vi+V,o+V3) + 24.7022 (V,:+V,+V3) +
V3+V4+Vs) +

- 11.0152 (Vi+V4+Vg) -



16. 8099

b ooy

36.

. 9984
9049

78.

36.
Zﬁlz 23

18.

7132

9049
. 1220
3208

78.

16.
ka% 23

20.

3477

8099
. 1220
2973

60.

24
Zﬁ&g 18

20,2973

63

2292

. 9084
. 3208

.8165
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Check Conputation

78. 7132 78. 7132 78. 7132
33. 6198 49. 9968 73. 8098
45. 0934 28. 7164 4.9034
78. 3477 78. 3477 78. 3477
73. 8098 46. 2440 36. 6416
4.5379 32. 1037 41. 7061
60. 2292 60. 2292 60. 2292
33. 6198 46. 2440 40. 5946
26. 6094 13. 9852 19. 6346
63.6160 63.61650 65.6165
49,9968 36.6416 40.5946
13.6187 26.9740 23.0219

+ 1396,9187
- 1396.9787

[ d

L0100

2

. 8960476
. 6541130
. 4581299
. 6904973
. 6987878
. 8493939

. 8940262
. 6568549
. 5065550
. 6201995
2)5. 6776356
2.8388178

PROR NUOORPRPPR

1. 7798072
1. 4250352
1. 1456687
1. 2930221
2) 5. 6435332
2. 8217666

1.8035608
1.13541675
1. 4309599
1.3621411

2)5. 7308383
2.86541292

= 706. 9584

= 689. 9503
1396. 9087

= 663. 3865

= 733.5322
= 1396.9167

+ .0200 anount of failure due to approxination introduced.
Correct constant termby this amount and correct
V's to take care of

Second Adj ust nent :

~ 7.7888
+ L0800
- 7.7628

= 7.7628

103478.51
V, = -.0071
Vo, = -.0095
V; = +.0149
V, = -.0100
Vs = -.0071

Vs = + . 0083

it.

= -C.0C0750185 = C

(bser ved
16. 8170

25. 0080
36. 8900
23. 1320
18. 3280
20. 2890

Adj
L, =
L, =
Ly =
Ly =
Ls =
Le =

ust ed

16. 8099 1 part

24. 9985
36. 9049
23.1220
18. 3209
20. 2973

di scr epancy

in 2400
2600
2500
2300
2600
2400
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Second or Final Check Conputation

16.8099  78.7133  78.7133  78.7133  1.9960482
124.9985  33.6198  49.9970  73.8098  1.6541139
36.9049 45 0935  28.7163 4.9035  1.4581284
78.7133 0. 6905062
2) 5. 6987967

2.8493984 - 706. 9658
/\,36.9049  78.3478  78.3478  78.5478  1.8940268
“-223.1220  73.8098  46.2440  36.6418  0.6568645
18. 3209 4.5380  32.1038  41.7060  1.5065564
78.3478 1. 6201985
2)5. 6776462

2.8388231 = 689. 9589

- 1396, 9247
16.8099  60.2292  60.2292  60.2292  1.7798072
3 23.1220  33.6198  46.2440  40.5946 1. 4250352
20.2973  26.6094  13.9852  19.6346  1.1456687
60. 2292 1, 2930221
2) 5. 6435332

2.8217666 = 663. 3865

ﬁﬁk 24.9985 63.6167 83.86167 63.6167 1.8035712
4, 18.3209 49.9970 06.8418 40.5946 1.1341875
20,2973 13.61¢7 26.9749 2Z.0281 1.4300599

65.6167 | 1.3621449
2)5. 7508455
~1396.,9247 2.8654218 = 773.5368
£1396,9231 + 1396, 9251
- .0016
2

- L00Z2 or failure cecuals 3.2 sguarc meters

A\
Computation of /5 of two bost Z&\

S T 30.1146 1.4787771 S £ 31,8084 1.5025418
S - a = 13,3047 1.1240051 S ~a = 6,8099 0.8331407
S -b = 6.9928 0.8446387 S -~ b = 13,4875 1.1299315
S -c = 9.8173 0.9919921 8 - ¢ = 11.5110 1.0611131
- 2.9606359 3.0241853
L1.4787771 15025418
2)1.4818588 2)1.5216435
_ 0.7409894 0.7608218
s} L] " ' : [¢I ] 1"
22 29 09.6 ten 24 9.9169243 1 40 15 05.2 tan $4  9.9276811
44 58 19.2 (19.2) A : 80 30 10.4 A
38 13 22.8 tan £3  ©.8962907 : 23 08 40.3 tan 3B 9.6308903
76 26 45.4 (45,7) B i 48 17 30.6 B
29 17 27.5 tan 3C  9.7488373 : 26 36 14.6 tan $C  9.6997087
58 34 55.0 {55.1) © : 53 12 29.0 ¢



Do not write in this marpin

D oMt Awb crporTe momer ~35=
S orm By COMPUTATION OF TRIANGLES
Ed. Jan,, 1020 R.A.R. triangulation
. State: _____. Mass. {Georges Bsnk)
xo STATION OBSERVED ANGLE ~ CORR'N PEHERYL SrEspin  BLANE ANGLE BOGARITEM
Pl ane angl es fromconputation on previous page (3 sides. known)

23 168090.9 4. 3255651
1 Boy 44 58 19.4 0.2 19.2 0. 1507274

As 2 George 58 34 55.4 0.3 55.1 9. 9311459
3 He 76 26 46.0 0.3 45.7 9. 9377330
13 Boy- Have .84 20297.3 4. 3074384
12 Boy- Geor ge 23132.0 4. 3640255
23 20297.3  4.3074383
1 Jg: 53 12 29.3 0.3 29.0  0.0964675

A+ 2 By 80 30 - 10.7 0.3 10. 4 9. 9940064
3 Huwve 46 17 20.9 0.3 20.6 9. 8590393
13 Ji g- Have .93 24998. 4 4. 3979122
¥2 Ji g-Boy 18320.8  4.2629451

P ane angles fromconputation simlar to above (3 sides known)
but not shown.

23 16809. 9 4, 2255651
1 Jg 22 31 4.7 0.3 44. 4 0. 4166300

AY 2 George 34 44 09.9 0.3 09.6 9. 7557193
3 He 122 44 6.3 03 06.0 9. 9248892
13 Ji g- Have .90 24998.5 4. 3979144
1-2 Ji g- Geor ge 36904.9  4.5670843
23 36904.9  4.5670840
1 By 125 28 30.4 03 30.1 0. 0891790

Az 2 Gorge 23 50 46.4 0.3 46.0 9 6066839
3 g 30 40 4.2 0.3 43.9 9. 7077622
13 Boy-Jig .87 18320.9 4, 2629469
12 Boy- Geor ge 23122.0  4.3640252
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RECCRDI NG CF STRONG EARTHQUAKE MOTT ONS

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

For several years engineers have conpl ai ned, though they are not en-
tirely free fromnegligence in the matter, that the seisnol ogi st has
failed to give theminformation that is needed for the design of build-
ings to resist earthquakes. The situation is as foll ows:

As time goes on regions which have suffered severe earthquakes in
the past and which nay expect themin the future are becom ng nore and
nmore centers of popul ation. This neans that not only are there nore buil d-
ings and congestion of peopl e and val uabl e accurul ati ons of property to
consider, but that there will necessarily be large structures such as
of fice buildings (skyscrapers), factories, auditoriuns, and other buil d-
ings which continuously fromtime to tine contain great nunbers of people
and large anmounts of valuable property and records. There are also other
structures to be considered such as great bridges, high dans, tall chim
neys, water supply systens and m scel | aneous structures.

In such regions the various types of structures have been erected
and are being erected at the present time. In many cases, though not all,
an effort is nmade to design themto resist earthquake damage. To accom
plish this studies are nade of buildings that have resisted danage or have
been partly damaged in strong earthquakes, working nodels of buildings
are tested on shaking platforns, as at Stanford University, and arbitrary
assunptions of maxi numaccel eration are nade, the latter with sone success
provi ded a proper factor of safety is allowed. There is one inportant
additional need in the case of the United States - there have been no sat-
i sfactory measurenents of earthquake notions in the central region of a
strong eart hquake.

The visit of M. John E Freerman and other engineers to the Wrld
Engi neering Congress in Tokyo inpressed on themthe inportance of the work
of the Earthquake Research Institute of the Tokyo |nperial University,
whi ch included anmong ot her things investigations of strong earthquake
notions. The general interest aroused in this subject on their return had
the eventual result of an increased appropriation by the last Congress for
the work in terrestrial magneti smand seisnol ogy of the bureau which has
nade the devel opnent of the instrunents and the start of the work possible.
The sane interest resulted inthe entry into this field of the Massachusetts
Institute of Technol ogy, the work being sponsored by the late Dr. Stratton,
pl aced under the general charge of Professor George L. Hosmer, well-known
to all menbers of the Coast and Geodetic Survey for his textbooks in high-
er surveying and geodesy, and under the immediate direction of M. M W
Braunli ch.

The various instruments needed have been devel oped by the (oast and
Geodetic Survey, the Bureau of Standards, and the Massachusetts Institute
of Technol ogy. Earthquake waves are in three dinmensions and it is, there-
fore, necessary to neasure three conponents - withtwo instrunents record-
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ing horizontal notions set at right angles to each other and a third
recording vertical notions. The Bureau of Standards, through Dr. Frank
Wenner, who had previously devel oped the type of teleseisnic instrunent
installed at our Porto Rico and Sitka observatories, has, with the aid
of a transfer of funds fromthis bureau, devel oped a three-conponent
accel eroneter which is able to survive and record strong earthquake no-
tions. The recording is photographic. These conponents are al ways
ready to record, but can do so only when the recording light is on.

Phot ographi c recording if continuous requires a great deal of expen-
sive paper and, except intinmes of strong earthquakes, nothing would ap-
pear on the record except a series of straight lines. Accordingly, it is
necessary to have the record started by the earthquake. The automatic
recorders which will be described are so arranged that when the earthquake
comes the light goes on, the time narking device starts, and a warning
signal is given that an earthquake has occurred. The turning of the drum
nmay or nay not be started by the earthquake.

A device known as a starting accelerometer is due to M. Braunlich.
It is so arranged that it does not respond to an earthquake until a def-
inite acceleration is reached when an electric circuit is broken which
results in starting the various operations. The instrunent can be set
for any desired acceleration. The interval between the operation of the
starting device and the full speed of the drumis about 0.2 second so
that little record is lost even if the drumstarts fromrest.

In some of the proposed sites electric current will be available and
al so conpetent operators. |Inthese arecorder designed by M. D. L.
Par khurst, Chief of the Instrument Dvision, will be used. This is in-
tended for continuous operation of the drumthough the earthquake may be
made to start it if preferred. The drumis electrically driven ordinarily
fromthe alternating current line, but direct current motors driven from
a storage battery are on the same shaft so that in a case of failure of
power on account of the earthquake the record goes on. No change in speed
acconpani es the shift fromone notor to the other. Special features of
this druminclude a sinple method of obtaining the necessary gear reduc-
tion, the stopping of the records after a full revolution in case the
eart hquake does not continue, and the stopping after half an hour in any
case. Wen the drumstops the light goes off and the photographic record

st ops.

For stations where no facilities are available a recorder designed
by M. H E MConb, ief of the Section of Chservatories and Equi pnent,
is used. This is clock driven and is started by the earthquake. An
instrument of this type has been successfully used in all the prelim-
nary tests of the accelerometers. This recorder has all the features
that have been previously described except an el ectric drive.

It is planned to start installation of these instrunents in the near
future, the first to be placed in California.
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Arecent visitor to Vashi ngton was Professor K Suyehiro, D rector
of the Earthquake Research Institute of Japan, who cane to this country
under the auspices of the Anerican Society of AGvil Engineers. In addi-
tion to giving a general |ecture he attended conferences at the Coast
and CGeodetic Survey and the Bureau of Standards. Hs advice inregard to
the present programof measurenent of strong earthquake notions, also in
regard to the future devel opnent of these instrunents and to the exten-
sion of the investigation in other directions, has proved inval uable.

Frrddti At FEEFEF A FAA

WAR DEPARTIMENT
Cfice of the Chief of Engineers

Washi ngt on
Cct ober 1, 1931.

The Director,
U S (Opast and Geodetic Survey,
departnent of Commerce,
Washington, D C

Dear Sir:

1. This office is inreceipt of aletter fromthe District Engi-
neer, Savannah, Ga. , dated Septenber 22, 1931, comrending |i eut enant
C A HEgner and his party on the survey ship NATOVA for their coopera-
tion in connection with naking a survey of Port Royal Harbor, S. C
luring the spring and early summer of 1931.

2. It gives me great pleasure to express ny appreciation of the
efficient manner in which the work was carried Qut by Lieutenant Egner

and his party.
Very truly yours,

(Signed) Lytle Brown
Maj or General ,
Chi ef of Engineers.

#Artr iR AR A RN

"An engineer's experience has led himto realize that nothing ever
is as good as it appears on first blush, and that nothing ever is quite
as bad as it first looks. It is the engineer's ot to study a problem
wi th an unbi ased nmind; to anal yze thoroughly and honestly each parti cu-
| ar phase of every situation in order to give his client the proper ad-
vice. The present national situation is a challenge to the best ability
and professional ethics of the engineer - each engineer." WIIliamsS.

Lee, President, A l.E E
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S| DE EQUATI ON TEST USED I N THE FI ELD

Paul A. Smth, Jr. H and G E., U S C &G S

The side equation test was used on several occasions to |ocate
errors in observing. |If used properly it will ordinarily indicate the
point or points where the |largest errors exist. This test is nore def-
inite when the errors occur in snmall angles, But is, of course, not com
pl etel y dependent on this consideration. Fromthe adjustnents of nmany
first order triangulation nets, it is known that the probable error of
an observed direction is about 0%4  The probable error of an observed
angle - the difference of two directions - is then 094 /2 or 0"56. The
average error of an angle without regard to sign will be about 1.2 x
C%56 or O%67, roughly O¥7., (See Leland "Practical Least Squares", first
edition, page 158). It is sonewhat shorter and nore convenient to make
this test by formng the side equation by the angle method than by the
direction nethod as it elimnates the sutmng of the products of the
correction to each direction and the differences of the logarithns of
the sines for 1" of the corresponding angles. The test is only approx-
imate, so the shorter the nethod the better.

The test is nade in the foll owi ng manner:

D vide the constant termof the side equation by the sumof the
differences of the logarithns of the sines for 1" of each of the ob-
served- angl e. (The sumof the differences is taken without regard to
sign). The quotient will be the average correction to an angle irres-
pective of sign to close the side equation in particular. It should be
| ess than 0%7 for satisfactory first-order triangulation. It is well to
take the pole at each of the vertices of the quadrilateral, witing four
side equations, then analyze the results with reference to the triangle
closures. At first glance this nay appear to be rather |aborious, but
infact, it is afairly short process and is undoubtedly the nost cer-
tain nethod available for finding an error if one exists. For references
see U S (Opast and Geodetic Survey Special Publication No. 138, page
208, and Instructions to Engi neers, Geodetic Survey of Canada, page 54.

An exanpl e of the use of this test in discovering the existence of
errors at two stations is given bel ow

In the quadril ateral Pace-Ford-Hunter-Doggett, all the angles were
observed and fromthe first occupation the closures of the four tri-
angl es were -1%87, +3¥1l, -3"03 and #4¥27. n account of the |arge
closures, it was evident that sone angles were in error.

Four side equations were witten, taking the pole at each of the
four vertices of the figure. These equations gave average angle errors
of 1¥24 for the pole at Doggett, O%4: for the pole at Hunter, 0776 for
the pole at Pace, and 0%65 for the pole at Ford. The large closing
errors of opposite sign of triangles on both sides of the |ine Ford-
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Doggett suggested at once that there was an error at one or both ends of
this line. The side equation with pole at Doggett, however, gave the

| argest average angle error, and as none of the angles at Doggett enter
into this equation, it was safe to assune that the error affecting this
di agonal was at Ford. This direction (8) was assuned to be increased
by 3%00 and the effect on each of the equations noted. This was an easy
process for the differences of the logarithns of the sines for 1 second
of each of the angles were already listed. An increase of 3%00.indir -
ection 8 helped the triangle closures and in the side equations changed
the average corrections to angles to about O%29 with the pole at Doggett,
to 1910 with the pole at Hunter, to CY07 with the pol e at Pace, and, of
course, caused no change with pole at Ford. There was still the error
of =311 in the triangle Pace-Hunter-Doggett. It should al so be noted
that the side equations with poles at Hunter and Ford now gave the

| argest average angle corrections, so that if there were any renaini ng
error inthe angles it nust be either at Doggett or Pace. A further
substitution of values and a study of the effects of the substitution
showed that if direction 11 at station Pace were decreased the side
equations woul d have better closures and the closing errors of the tri-
angl es woul d also be smaller. So in the above case, it was decided to
first reoccupy Ford, then Pace. The results obtained after reobserving
showed that this reasoni ng was correct.

A study of the abstracts of directions together with an anal ysis
simlar to the preceding one will often help in doubtful cases in decid-
ing where the error lies, as sonetimes the abstracts give indications
of a change in value of the directions in question. |In the case given
above only a single observing party was operating, and it was decidedly
economcal to determne, if possible, where the errors m ght be found

Qccasionally all the triangles in a quadrilateral will close well,
or at least within the |imt of error permssible, but the I engths of
the sides as conputed fromdifferent triangles will not check. In
such cases the above test is very valuable, and, as far as possible,
the triangles should be conputed up to date in order to guard agai nst
such errors occurring. Several instances of poor side checks were found
when the triangles closed well within the allowable limt of 3%00, and
the error was found and corrected before the towers were rel eased by
use of the side equation test and reobservati ons.

This method of testing for errors requires practice to obtain the
best results, as well as judgnent inits use. It should not be regard-
ed as the final decision and should not be used al one. The consi dera-
tion of all indications of error in the abstract of directions, coments
in the records on observing conditions, and, in general, all factors
affecting observations will usually enabl e one to decide upon the nost
likely station to reobserve.
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SIDE EQUATION TEST FIRST OCCUPATION

PACE &7
2203 -167 |7
Pol e at Doggett
-8+9| 34°18 59".07] 9.751 0962 || +3. 09 +3.// +4.27 ;|6
-4 +6\| 85 57 20.34] 9.998 9172 || +0. 15 ) 4
-11+12| 58 40 53.68[_9.931_ 6062 [ +1.28 3 HUNTER
9. 681 6196 DOGCETT
-10+12]1093811.03| 9.973 9791 ;-0.75 |
-7+8; 501757.16°| 9.886 1470 | +1. 75 Agsuming .,,:5'.‘00
-4+5}413131.35] 9.821 4818 |} +2. 38 on direction (8)§
9.681 6079 11,7 _ Buls _
+ 117 9.40 | 9.80 = T** 9,40 ~ 0e%7
Pol e at Hunt er
-11+12| 58 40 53.68| 9.931 6062 | +1. 28
-7 +9] 84 36 56.23] 9.998 0794 | +0. 20
-2+3 | 43 44 39.09 | 9.839 7544 | +2. 20
B 9. 769 4400
-1+3| 79 47 32.60% 9.993 0710 | +0. 38
-10+114 50 57 17. 35| 9.890 2251 |+1.71
-7 48] 50 17 57.16 ] 9.886 1470 | +1.75
9. 769 4431 _ Il 8.3 = 1.10
311 7.52 1 7.82 T 0,41 7,52 N
Pol e _at Pace
-5+6| 44 25 48.99 ) 9.845 1234 | +2. 15
-1 +3| 79 47 32.60| 9.993 0710 }+0.38 |
-8+9] 34 18 59.07} 9. 751 0962 | +3.09
'9.589 2906
-7+4+9]| 84 36 56.23| 9.998 0794 | +0. 20
-4 +5] 41 3131.35| 9.821 4818 | +2. 38
-1+21360253.511 9.769 7210 | +2. 89
9. 589 2822 8ok  _ 0.76 0,8  _ 0.07
- 84111.09 | 11,09 11,09 *
Pol e at_Ford
-2 43| 43 44 39.09| 9.839 7544 [ +2. 20
-10+12 1109 38 11. 031 9.973 9791 §-0. 75
-5+6 | 44 25 48.99 1 9.845 1234 | +2. 15
9. 653 8569
-4+6 7 85 57 20.34] 9.998 9172 | +0. 15
-1+2{360253.51| 9.769 7210 | +2. 89
-10+11 | 50 57 17.35] 9.890 2251 ] +1. 71
9. 658 8633 Bed  _ 0.65
64| 9.85 9,85 *

A8
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COMPUTATION OF TRIANGLES

¥orm 25
. Ed, Jan., 1929
State: _Texag snd Tovisiena. .
11—0121
No. STATION OBSERVED ANGLE | CORR'N |SFEERT| Brieme | FLANE ANGLE LOGARITHM
(FIRST occhAcnxon)
1 546| 1 Humter A4 25 48,99
-10411| 2 Pace 50 57 17.35
L7409 | 3 TFord 84 36 56,23
1-3
1-2
180 00 02,57  |-1.87 0.70
2-3
L1453 | 1 Doggett 79 47 32,60
«10412| % Pace 56 40 53,68
445 | 3 Hunter 41 31 31,35
13
, 1-2
] 179 59 57.63  |-3,11 0,74
i 2-3
E L1421 1 Doggett 36 02 53.51
=}
8 -1pa1z 2 Pace 109 38 11,03
La9 | 37 Ford 34 18 59,07
1-3
1-2
160 00 08,8)  |~3.03 0,58
2.3
L+ 1 Humter 85 57 20,34
L 2 D]og‘geti; 4% 44 59.09
L7468 | 3 Ford 50 17 57,16
1-3
1-2
179 59 56,59  |-4,27 0.86

CRGS- 4T



‘ _ (After re-observing Ford)

Pol e at Dogget t

-8+9
-4 +6
-11+12

-10+12
-7 +8
-4 +5

34 18 56:93

85 57 20. 34

58 40 53. 68

109 38 11. 03

5018 00. 27
41 31 31.35

9. 751 0897
9.998 9172
9,931 6062

+3. 09
+0. 15
+1. 28

9. 681 6131
9.973 9791
9. 886 1524
9.821 4818

-0.75
+1.75

9. 681 6133
2

+2. 38

Pol e at

Hunt er

9,40

-11+12
-7 +9
-2 +3

-1+3
-10+11
-7 +8

58 40 53. 68
84 36 57.20
43 44 39.09

79 47 32.60
50 57 17. 35

50 18 00. 27

-931 6062
. 998 0796
.839 7544

+1. 28
+0. 20
+2. 20

. 769 4402
.993 0710
. 890 3251
. 886 1524

+0. 38
+1.71
+1. 75

. 769 4485
83

- ol © ool oo

7.52

Pol e at

Pace

5 +6
-1 +3
-8 +9

-7 49
-4 45
-1 42

44 25 48. 99
79 47 32.60
34 18 56. 93

84 36 57.20
41 31 31. 35

3602 53.51

. 845 1234
. 993 0710
. 751 0897

+2.15
+0. 38
+3. 09

.589 2841
. 998 0796
. 821 4818
- 769 7210

+0. 20°
+2. 38
+2. 89

OO © © OO O ©

. 589 2824
17

11. 09

Pol e at Ford

-2 +3
-10+12
-5+6

-4 +6
-1 42
-10+11

43 44.39. 09

109 38 11. 03

44 25 48. 99

85 57 20. 34
36 02 53. 51
50 57 17. 35

9.839 7644
9.973 9791
9. 845 1234

+2. 20
-0.75
+2. 15

9. 658 8569
9.998 9172
9.769 7210
9. 890 2251

+0. 15
+2. 89
+1. 71

9. 658 8633
64

9.85 1§

Qe
9.40

11,09

6.4
9.85

SIDE EQUATION TEST

DOGGETT

0.02

0.15

0,65

AFTER RE-OBSERVING AT FORD AND PACE

HUNTER
After Re-ohbsering
at Pace
18 0,2
. [ ]
228 o.5
7.58
S :
— e
9,85 0,3
FAs
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FIELD COMPUTATIOR

DEPARTMENT OF COMMERCE ==  — == w= o= e — —— — — — o

e COMPUTATION OF TRIANGLES
Bd. Jun., 1028 After occupying Ford end Pzce the ssceond time.
State: . bouwigiana and Texns 3
ez -

o, STATION GBSERVED ANGLZ  |CORR'N [SFRIRE| Brumns | DLANE ANGUE LOGARITHM
23 4,202 7467
Ls+6 1 Funter 44 25 43,99 -0,42 48,57 0,24 48.53| 0,154 87740
-10+12 2 Pace 50 57 15,79 -0,42 {L5.37] 0.24 14,93| 9,890 2209
k749 | 3 Ford 84 55 57,20 ~0,4% 66,77 0.23 56.64| 9,996 0795
1-3 4,247 5455
1-2 4,355 7040

180 00 01,38 -1,27 0.71
2-3 4,355 7040
L143| 1 Doggett 79 47 32,78 +0,60 53,38 0,28 23.13! 0,005 9268
-1+12l 2 pace 53 40 56,13 +0.59 55,72 0.24 55,47| 9,951 6085
[445; 3 Hunter 41 31 31,06 +0,59 31.65 0,24 31,40| 9.821 4820
1-3 4,294 2413
1-2 4,164 1148

_% 179 59 58,97 +1.78 0,74

3

:ﬁ 2-3 - 4,202 7467
E “142| 1 Doggett 56 02 53.51 '~0.16 [B3.35 0,20 53,15| 0.230 2800
§ 10412 2 Pace 109 38 10.62 ~0,16 10.46 0,19 10,27| 9.973 9796
Lo+o| 3 Ford 34 18 56,95 -0.16 66,77 0,15 56,56 9.751 08E6
13 4,407 0063
1-2 4,184 1155

180 00 01,06 =0,48 051
2-3 i 4.407 0063
~4+5| 1 Hunter 85 57 20,05 +0,45 [20,48 0,29 20,19} 0.001 0829
-243| ¢ Dogmett 43 44 39,27 40,45 39,70 0,3 39,40 9,839 7551
L7438 3 Ford 50 1B 00,27 +0,43 (00,70 0.29 60,41| 9,886 1526
1-3 . 4,247 8443
1-2 : £.294 palg

179 5% 53,59 +1.29 0,88
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THE DETERM NATI ON OF THE COWPASS ERRCR

A Sinple Method of (btaining Conpass Deviations Wen
the Odinary Means are not Avail abl e.

G T. Rude, H &G Engineer, US C &G Survey

Standard books on navi gation describe several nethods for determn-
ing the conpass error - by reciprocal bearings, requiring a station on
shore; by bearings of the sun, requiring a clear day; by ranges, re-
quiring that the magnetic bearing of the range be known; and by a distant
object, requiring the object to be at a considerabl e di stance fromthe
ship. The follow ng "gadget", not described i n books on navigation, so
far as is known, proved of value to the witer. 1In a sense it conbines
two nmet hods, the bearing of a distant object and a range; except in the
way enpl oyed, the "distant object" need be only a fewmles away and
the bearing of the range need not be known; in fact, the two objects
conprising the range need not even be charted.

This nmethod is confined to the determnation of deviations of com
passes in the fore-and-aft amdship |ine, when the distribution of nag-
netic nmetal to starboard and port is fairly symretrical. S nce prac-
tically all conpasses are so placed, the nethod may be regarded as
universal. It is not confined to any size vessel except that it nay
prove tinme-consumng on a slowturning vessel of long turning radius.
The witer enployed the nmethod with very satisfactory results on a
vessel 250 feet in length, but it can be used on |arger vessels.

The vessel steaned successively on twel ve headings (on every
alternate 15° rhunb) across the range of Smth Point Lighthouse,
Chesapeake Bay, and the |ighted buoy six and one-half mles to the
southward. The bearing of this range, a few hundred yards to the
sout hward of the buoy, was obtained on each headi ng by pel orus conpar-
ed with the standard conpass. For the accepted correct nagnetic bear-
ing of the range the average of all the conpass bearings was used.

The deviation on each heading was then obtai ned by a conparison of the
conpass bearing of the range on that heading with the mean nagnetic
bearing of the range obtained by averaging all the conpass bearings.

The net hod was conceived rather fromnecessity than choice. It
has the advant ages, however, that it can be used at any tine when ter-
restrial objects are visible - in clear or cloudy weather, during the
day or night. It can also be varied according to circunstances. Dur-
ing the day a flag buoy may be anchored and the vessel "swung" wth
that in range with a lighthouse or headl and, or another vessel at anchor
inrange with a lighthouse or with any natural object; at night a |l an-
tern on a small boat at anchor may be used in range with a |light, none
of whi ch need be charted objects.



The "swi ng" can be nade without maneuvering the vessel with the
engines (see figure). The vessel can begin at A, with the lighted buoy
a fewdegrees off the bow, and head 180° (south) by conpass. As she
passes the range at position Rthe bearing of the range is observed by
conpass or by pelorus, conpared with conpass. After continuing past the
range about the sanme distance as fromposition Ato position R wth a
starboard helm she turns to position B and on to a course 330° (by com
pass), again observing the conpass bearing of the range at position R
as she crosses it. This procedure is continued with a starboard helmin
each case as indicated by solid lines on the diagram (see figure), on to
a course 120° at position C thento 270° at position Db to 60° at posi-
tion E to 210° at position F. Having conpleted the 210° course at posi-
tion G still with a starboard helm she swings to 0° (north) (by comnpass)
at position H and nowfollowing the broken lines of the diagramsteers
successi vely on the fol | ow ng headi ngs (by compass); 150°, 300°, 90°,
240°, and 30°, conpleting the "swing" at position K (In order to ob-
viate any confusion the dashed lines and solid |ines have been w del y
separated in preparing the diagram In actual practice, of course, the
two systens of courses on opposite headi ngs represented by these |ines
may cover practically the sane ground). The vessel has now headed suc-
cessively on the foll owi ng conpass courses in the order naned: 180°,
330°, 120°, 270°, 60°, 210°, 0°, 150°, 300°, 90°, 240°, and 30°, with the
fol | owi ng conpass bearings of the range on the different headi ngs.

@GS -419
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Shi p' s head Bearings of range Average bearing of D fference of
by conpass by conpass range by conpass colums B & C
or deviation
(A (B (0 (D)
Degr ees Degr ees Degr ees Degr ees
0 351 or 351 359.7 +870 9E
50 353 or 353 359.7 + 6.7 or 7 E
60 358 or 358 359.7 +17 or 2 E
90 4 or 364 359.7 - 430 4W
120 7 or 367 359.7 - 73 o0or 7W
150 8 or 368 359.7 - 83 o0or 8W
180 8 or 368 359.7 - 83 o0 8 W
210 7 or 367 359.7 - 7.3 o0 7W
240 3 or 363 559.7 - 330 3W
270 356 or 356 359.7 + 37 or 4E
300 352 or 352 359.7 +7.7 or 8E
350 349 or 349 359.7 + 10.7 or 11 E
Average of bearings
by conmpass =~ = = 359.7

The average is taken of all the bearings of the range by conpass on
all headings, inthis case 359°.7. For purposes of illustration it may
be unfortunate that Smth Point |ighthouse actually happens to bear
359°v%:fromthe lighted buoy; that is, so nearly 360° or the whole of a
circle; while, of course, this average bearing m ght be any degree of the
conpass, dependi ng upon t he actual geographic positions of the objects
conprising the range and their actual bearings from each ot her.

The deviation on each heading is then obtai ned by conparing the
bearing on that heading with this average magnetic bearing. These de-
viations are plotted, as usually done, on the Napier diagram fromwhich
the deviations may be taken by inspection for any other headings. 1In this
case the deviations were obtained with the ship's head on given conpass
courses. The deviation on each heading is therefore laid dow on the
dotted lines passing through that graduation of the vertical scale of the
Napi er diagramrepresenting that heading.

As under other nmethods, a single swng with one helmw Il furnish
determnations of deviations with a precision sufficient for practical
pur poses. For the greatest accuracy, of course, two sw ngs shoul d be
made with different helns, and for the final Napier curve the mean of the
two deviations on each course taken, as is usually done.

It is realised that coefficient A cannot be determned fromthe
swing illustrated. Since A becones, however, of appreciable anmount only
when the conpass is located off the amdship line, or for sone |ike cause,
its value is usually so small that it may be neglected for all practical
purposes, or its value froma previous sw ng may be used.
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NEW CONNECTI ON OF THE GECDETI C TR ANGULATI ONS OF
MEXI CO AND THE UNI TED STATES OF AMERI CA, ACRCSS THE FRONTI ER
CF BOTH COUNTR ES
*Manuel Medi na
(Translation by Earl S. Belote)

In February of the current year, the Departnent of Geographi cal
and dinatol ogi cal Research of Mexico and the Coast and Geodetic Survey
of the United States nade a new connection of their triangul ati on sys-
tens across the Rio Bravo del Norte. This connection was nmade between
the triangul ati on work that Mexico has planned in the State of Chi huahua
and the Texas-California arc of the U S Coast and Geodetic Survey.

This international connection is thethird of its kind that has
been nade between Mexico and the United States, the two other connec-
tions being that of the arc along the neridian 98 degrees west of
Geenwich with the corresponding arc in the United States, and that be-
tween the triangulation in Upper and Lower California.

The prelimnary reconnai ssance of the connecting figure was nmade
in January of this year by the technical representatives of both coun-
tries. They agreed upon a quadrilateral with diagonals, two vertices
of which are located in Mexican territory and the other two in the
United States. The former are located on San Ignacio HIIl and on La
Sierra del Puerto del Presidio, inthe State of Chi huahua (see adj oi n-
ing figure} and the latter coincide with the points Franklin and Gerro
Ato of the Texas-California arc of triangul ation of the Coast and
Geodeti c Survey.

The Mexi can vertices were established in such a manner that they
can easily be tied in with the extrene north of the geodetic chain that
is planned in the State of Chi huahua, a work that will be begun in a
very short time.

The neasurenent of the angles was nade simltaneously by the ap-
poi nted Whited States and Mexi can observers, stationed at the ends of
the lines Cerro Alto, San Ignacio and Franklin, Puerto del Presidio,
respectively. This neasurenent was nmade at night, using electric lights
on towers of identical construction for the signals at the vertices.
The United States observer, Lieut. Ralph L. Pfau, used a special type
of altazinuth of the U S (Coast and Geodetic Survey, provided wth
m crometers, by use of which the readi ng nay be nade correct to one
sexagesi mal second. The Mexican del egate, Ing. Horacio Herrera, used
a "WId" precision theodolite, in which the direct reading is made with
Ov2 approxi mation. Both observers repeated the neasurenent of the dir-
ections eighteen tinmes, the initial setting of the instrunent being
changed for each set of observations.
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DIRECCION DE ESTUDI0S GFOGRAFICOS Y CLIMATOLOGICOS.
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Ese. 1: 700,000..

The observations in the four vertices of the connecting figure
were taken fromthe 18th of February until the 1st of March, at which
time they were conpleted. The observers had to contend generally
with bad atnospheric conditions, which on various nights nade it im
possible to take observati ons.

The mean length of this international figure is 60 kiloneters
and the nean angular closure of the triangles, 1.5 sexagesi mal
seconds.

Thi s connection of the triangulation of Chi huahua with that of
the Texas-California arc has been very inportant for Mexico, for we
may refer directly to the North Arerican datumthe arcs that are
devel oped in the west and north of this country, thus giving a
greater rigidity to the general geodetic systemof the Republic.
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THE LGSS OF THE JEFFERSON

E. H Lukens, H &G Engineer, US. C &G Survey.

a the many trials faced by Superintendent Bache in his efforts to
get the nuch needed coast survey of the Pacific Coast started, perhaps
the nost disheartening was the loss of the steanship Jefferson on the
coast of Patagonia while en route fromPhiladel phia to San Francisco in
the summer of 1851.

The Jefferson was an iron paddl e wheel steaner with a draft of about
11 feet. New boilers were installed and other repairs were made to put
her in condition for the |ong voyage through the Straits of Mgellan to
California. At her trials on the Pelanare Ri ver, she nade a speed of 10
mles against the current and wnd with a steampressure of 35 pounds.
Her paddl e wheel was 20 feet, 8 inches in dianmeter, and at easy steaning,
she nade 13 RP.M while with forced fires she was able to turn up 20
RP.M Fromthe trials the engineers estimated that she would burn 5 tons
of coal per day.

The Jefferson left the Del anare Capes on March 10, 1851, and struck
head winds for the first part of the voyage. They soon found out that the
coal consunption was 8 tons instead of 5 and that she nade very poor speed
in head winds and seas. By the tine they reached the northeast trades,
there were but 18 tons of coal left, so they shut down the plant and used
sail. She had three masts and was probably barkentine rigged. Wile
sailing, the buckets were renmoved fromthe paddl e wheels to avoid their
draggi ng and steamwas raised only when in a calm She arrived at R o
de Janeiro on April 24, 1851,

Inaletter witten fromthis port, Lieutenant Commanding F. K

Mirray, the commanding officer, wites: "I find yellowfever raging here
particul arly anong the shipping and amusing every exertion to avoid risk
tothe crew- - - - Many vessels in port have lost their entire crews.”

He thought that the voyage to California would be a Iong one due to
the slow speed of the Jefferson, but added that she was a good sea boat
and woul d no doubt performthe voyage in safety.

The Jefferson arrived at her next port, Mntevideo, on May 4th. Al -
t hough no one on board had contracted yel |l ow fever, "they were subjected to
a 6-day quarantine at this port. As they were now entering the season of
winter gales," they experienced a series of storns while trying to coal
fromlighters, and it was not until May 19th that they sailed fromthis

port.

On May 24th, during a very |low baronmeter, a northerly gal e overtook
themand the Jefferson scudded before it with full steamand all seal that
could be safely carried. n the afternoon of the 25th, a heavy cross sea
boarded her and threw the vessel on her beamends when she immediately
broached to and | ay exposed to the terrific seas foll owi ng her.
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QOders were givento let fly all sheets (except the staysail), but
finding that she did not recover, the order was given to cut away the
masts. The crew junped to this dangerous work with a will and succeeded
in getting the fore and main over the side. Relieved of two of her three
masts, she righted and fell off before the wind much to the delight of
all hands, for while the nmasts were being cut away it seened that she
could never remain afloat. They were now abl e to heave to under steam
and a reefed spanker, the only sail left.

About 6:00 P.M, another heavy sea broke onboard and swept her fore
and aft, staving in the bul kheads of the engine room wheel house, etc.,
and carrying the steering wheel overboard. This shock strained the hull
terribly, and Murray was afraid that she would break in two. As soon as
t he hat ches coul d be opened, provisions, stores and everything that coul d
be spared were jettisoned and some inprovenent was not ed.

To add to the seriousness, the hull began to | eak badly and t he
bi | ge punps pronptly choked up with coal and woul d not work. The franes
of the engines had started fromthe hull and were nonentarily expected
to break. Under full steamthey could nake but 6 RP.M At this point,
Mirray states; "It appeared that nothing but a mracul ous interposition
of Providence coul d save us, and we have great cause for gratitude that
this was accorded us; for in afewmnutes after the shock whi ch di sabl ed
the vessel, the w nd haul ed to southward and began to die away, and the
sea to subside."

They laid to until noon of the next day, when they found by observa-
tion that they were 110 miles NE by N fromSea Bear Bay on the east
coast of Patagonia. The sea having gone down, a jury mai nnast was rigged
and they painfully nmade their way to Sea Bear Bay, where they arrived on
the afternoon of May 28, having taken over two days to nake 110 nil es.

O June 2, Muirray noved the vessel to Port Desire (within sight of Sea
Boar Bay), finding it better protected fromthe gales which prevail at
this season.

Mirray sadly realised that the Jefferson was a hopel ess weck. She
| eaked badly, two of her masts were gone and her hull was badly hogged.
He appointed a board of officers to survey the vessel and nake recommen-
dations. The board found her entirely unseaworthy and beyond repair ex-
cept in a dry dock. As there were no such docks avail able, they recom
nmended that, after ramoving all valuable property, the Jefferson be aban-
doned. This recomrendati on was approved by the commandi ng of fi cer and
t he work of sal vage was started at once.

As ships were scarce, Mirray chartered the first avail abl e vessel,
a French barque, the "Austide", of 160 tons, to carry his crew and the
lighter machinery back to the United States. The "Austide" put into
Mont evi deo for supplies, and there Mirray and his crewtransferred to the
Naval supply ship "Relief", which vessel arrived i n New Yor k Novenber 2,
1851, The boilers, which were too heavy for the "Austide", were shi pped
by a later vessel.
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In his report to Superintendent Bache, Lieutenant Commandi ng Mirray
comranded very highly the actions of his officers and crew during the
gale, andrefers to the "noble conduct” of M. Henry Powel |, the pro-
prietor of the guano settlenent near Port Dosire where the Jefferson
was abandoned. M. Powell put hinself and his nen on a short allowance
of food in order to supply the crew of the Jefferson and rendered t hem

many ki ndnesses in other ways.
FHEFEFFEAFERAF A A FFA

THE PERSONAL ECQUATI ON AT SEA
(FromPaci fic Marina Review, July, 1931)

The natural foundation for a ship is sea water. Any well found, ship-
shape, nodern, seagoing steamer or nmotorship is safe so long as she has
pl enty of water under her keel, plenty of fuel in her "bunkers, a conpe-
tent navigator on her bridge, and a well trained and disciplined crew at
their various stations. Naval architects have provided a safe, comrer-
cial, seagoing hull. Marine engineers have provi ded dependabl e and econ-
om cal steamgenerators and auxiliary machi nery. Metalurgists have pro-
vided strong, corrosion-resisting materials for every necessary purpose.
Chem sts have provided protective coatings. Every branch of engi neering
and science has contributed to that conposite marvel - the nodern passen-
gger and cargo vessel - with the net result that to-day sea transport of
passengers and cargo is the safest and nost econonical net hod known to
man. In fact, the only real danger to a nodern vessel at sea is that
uncertain quantity, the "Personal El enent"

Let a vessel be supplied with every effective equipnent for safe-
guardi ng the navigation of her hull or for maintaining the econony of
her propulsion plant, or for aiding the confort and peace of mnd of her
passengers - and yet she will surely go ashore or be a hog for fuel, or
achieve a bad reputation among the traveling public - unless her navi-
gating officers, her engineers, and her stewards are constantly on the
alert tointelligently use the equipnent wth which she is provided.

e of the worst phases of the personal elenment factor is the al-
nost universal tendency in the human mind to get careless in the matter
of sinple routine. This is particularly evident in conparatively short
coastw se runs where its results are nost dangerous. The crews of
coastw se passenger vessels on fast schedules, running up a record of
one thousand - two thousand round trips without incident, should be
wat ched very carefully to see that they are alert and are constantly
using and gai ning confidence in the equi pnent that at any nonent in an
energency may be the neans of saving not only the ship but all her pas-
sengers.

This is particularly true of navigation equipnent. It seens to us
that operating managenent having provided safe navigation devices shoul d
fornul ate some plan for their constant use and devi se adequate checking
systens to insure the application of that plan. A sea, as everywhere
el se, we are being continually remnded of the truth of the ol d adage,
"Eternal vigilance is the price of success - and of safety".
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THE NEW SECOND CRDER THEDOLI TE  AND COASTAL TR ANGULATI N

R W Wodworth, H &G Engineer, US C &G Survey
FI ELD TEST CF NEW SEQOND CRDER THECDALI TE

It was the good fortune of the party on the New York Har bor and
vicinity control project to be assigned the new Parkhurst 6%inch D rec-
tion Instrument (H313) with a practical field test inview Structur-
ally this 2-mcrometer, 2-second theodolite is a sturdy, conpact, and
altogether excellent instrunent; the mcroneters and circle are quickly
and easily read; the tangent-screw assenbly is the snoothest the witer
has ever used; the tel escope definition is superior to any yet encoun-
tered, due apparently to an exceptionally high Iight-gathering power.
The ease of adjustnent, sinplicity and snoot hness of operation, and the
uni formy good results obtained renders H 313 a pl easure to handl e.

Field use of this instrunent has not been as extensive as mght be
desired for a thorough trial, since the observations now avail abl e for
statistical purposes cover only the short period fromAugust 21 to
Qctober 15, 1931. During this tinme one observer occupi ed 34 second-
order stations for mai n and suppl enental schenme observations. These
stations involved the many types of set-up common to city triangul ation;
all of which were suitable for third-order occupancy, but including a
nunber only nmade sufficiently stable for satisfactory second-order ob-
serving through special equipnent and precautions. Visibility condi-
tions were far fromideal or desirable on the najority of days - the
haze, snoke, and heat waves so common to the New York Gty area supply-
ing additional observing difficulties. The short-line schenes, wth
their variety of signals, provided still further possibilities for in-
accuracy. Despite these handi caps a conplete sense of reliability in
the accuracy of second-order theodolite H 313 has been inparted by re-
sul ts obt ai ned.

Resul ts (bt ai ned:
1. Lowlnitial dosures - For the 344 positions taken the average
closure of 1.8 seconds indicates an entire |ack of drag.

Al though the signal chosen for the initial fromeach station is
invariably the one affording the best available pointing, even it nay
not furnish the clear-cut signal necessary to yield successive direc-
tions of small variance. Hence, given a reasonabl e expectancy as regards
visibility conditions, it is felt that this instrunent would yield an
average initial closure much |l ess than the satisfactory closure already

quot ed.

2. FewRejections - For the 1188 directions taken only 57, or 5%
were rejected as exceeding five seconds fromthe mean. O these re-
jected directions 35 were found to have been noted in the horizontal -
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direction records as obtained on signals of poor visibility. The 22
remai ning rejections include 16 secured fromset-ups at 11 stations
liable to instability, nanely, 4 marsh stations requiring tripod and
observer stands plus conplete |ack of noverment within 20-30 feet of the
set-up, 2 stations atop old and extremrel y shaky wooden buil di ngs, 2
atop concrete grain elevators vibrating from el evat or machi nery within,
2 on slippery tar roofs, 1 on a railroad fill disturbed by passing trains.
Bimnating those rejected directions caused by faulty visibility, there
remains but a 2%rejection for all directions secured. Carrying this
elimnation process still further and discarding those rejected direc-
tions quite possibly caused by set-ups of doubtful stability there then
remains but 6 rejections of directions that should, apparently, have
been good. Hence, for the purposes of the field test, it nay reasonably
be claimed that of all directions obtained only 6, or one-half of 1%
were rejected for causes unknown. This percentage is so extrenely snal
as hardly to be ascribed to instrumental deficiencies, but rather to
observational or recording errors.

It is felt that theodolite H 313, functioning under nornal condi-
tions of set-up and seeing, would yield abstracts of directions entirely
free of any rejections. This opinion is supported by the fact that of
these 34 stations under discussion, 9 show abstracts free of rejections,
while, of the 25 renaining stations, 4 alone are responsible for 50%of
the rejected directions.

3. God Triangle AQosures - O the many triangles observed with
this instrunment only those involving non-eccentric stations have been
conputed to date. These - 10 in nunber - show an average triangle
closure of -15 seconds (wth a maxi numof 2.6 seconds).

As the other station abstracts show equal ly good results, there
woul d seemlittle reason for not expecting simlar closures for the re-
mai ning triangl es.

Reconmendat i ons:

Several inproverments of a minor nature, suggested with a viewto-
war ds conveni ence of operation, were approved for incorporation in the
three additional second-order theodolites to be constructed shortly.
These i ncl uded:

1. Finely-drawn vertical hairs, spaced for day-observing on various
types of intersection signals. These hairs are to be of the finely-
drawn glass type recently perfected in the Instrunment D vision.

2. An astrononical eyepi ece - The sane was a necessary accessory at
four 1931 stations where eccentric distances to the apex of tall beacons
could only be obtained through angul ar measurerent from cl ose-up bases.
Such an eyepiece is to be supplied with one of the new theodolites for
projects sinmlar to the New York Gty control survey.

3. Marking the magnificati on power on each tel escope eyepi ece for
t he observer's conveni ence.
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4. (pen sights on tw sides of the telescope - The single pair on
H 313 is an excellent device for obtaining eccentric directions over dis-
tances short of the tel escope focus.

5. A chain-drop and pl unb-line hook to reach through the tripod
cent er - ser ew.

6. Qup-shaped eyepi eces on the mcroneter tubes to facilitate cen-
tering the observer's eye and to aid in elinnating side-light.

7. Auniformdark dull finish on all nmetal parts of the mcroneter
box and drum- Bright brass fittings are distracting to the observer's
eye when reading the graduated drum

8. Longer and knurl ed-end covers for the microneter tube | anps to
facilitate their renoval

9. A nediumwei ght, cross-braced tripod to insure proper stability
for second-order work - This type offers several advantages over the
lighter, unbraced type; cutting down vibration set up by wi nd or heavy
nmachi nery; lessening the amount of leg slip invariably encountered on
tarred roof and other slippery set-ups; obviating possibility of damage
to instrument through a tripod | eg being kicked out by a carel ess foot.

10. More tolerance in the tripod head for centering - At least |%
i nches.

11. Increasing the plunb-line fairlead through the tripod center-
screw - There are occasional set-ups where the tripod head can not be
nmade |level. Wth the inproved nethod of securing tripod to instrunent
(by clanping the tripod to a bearing plate resting on the shoul ders of
the three tribrach footscrews) the tripod center-screwis always norna
to the tripod head-pl ate, which, however, need not be at right angles to
the theodolite's vertical axis. Aslight deviation froma | evel set-up
cuases the planb-line to bear against the lower rimof the present snal
fairl ead opening - a contingency the observer nmust guard against if true
centering is to be expected. A l-inch fairlead diareter and center-
screw nade as short as possi bl e should prove satisfactory for nornma
set - ups.

12. Decreasing friction between flexible binding-plate and f oot -
screws - Wth the present highly polished tripod plates, to insure the
mai nt enance of the instrument centering, it is necessary to clanp the
instrunment so tightly to the tripod head that the tribrach footscrews
turn rather stiffly. Atered plate surfaces or naterials will permt
| essened conpr essi on.

13. Inproved theodolite-box construction - to prohibit any chance
of contact between box and standards - mcroneter drums - or tel escope
eyepi ece. Heavy | eather pack-straps and positive type door catches are
to be standard equi pment with future boxes.
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COASTAL TR ANGULATI ON

Advantages of this newy devel oped |ight-weight 6 %inch direction
instrunment over the 7-inch repeating theodolites customarily used for
coastal triangulation are manifold, with but fewmnor points in favor
of the latter type instrunent. The new direction instrument grants
materially increased accuracy, w th marked reduction of the observing
time, in a sturdy theodolite weighing but slightly nore than the 7-inch
repeating type. Conparative weights are as fol | ows:

6% Direction theodolite & box - 44# 7" Repeating theod, & box = 32#
Braced tripod for same = 21# Unbraced tripod for same = 13#
Tot al wei ght = 65# Total wei ght = AG#

Shoul d the increased wei ght not appeal for back-packing up Al aska coast
peaks, the braced tripod nmay al ways be abandoned in favor of the |esser
and conpacted wei ght of observing-stand naterial. If risk or particular-
ly difficult clinbing does not merit transport of the nore expensive
direction instrument, the 7-inch repeater may be substituted. Since the
rugged construction of this newdirection instrunent is fully equal, or
superior, to the long-used 7-inch repeating theodolites, there would
seemno reason why it should not effectively supplement the latter for
shi p-board use with its consequential rough handlings necessitated by
surf landings, etc. As for actual field usage, the nore precise direc-
tion instrument may be used to acconplish the main schene coastal con-
trol inthe mninumtine - while the 7-inch repeating theodolite is used,
as fornmerly, for the third order fill-in control.

Quoting fromSpecial Publication 145 - "In the matter of speed the
direction instrunent wth mcronmeter nicroscopes is superior, as a given
accuracy in the angle nmeasurenents can be attained nore quickly with it
than with the repeating type of instrunent.” This nmay be illustrated
with conparative statistics fromthe New York Gty control survey, where,
to attain the desired accuracy under poor observing conditions, it has
been found necessary to adhere to the follow ng observing program

2nd order mai n-schene observi ng Normal obs. tinme (6 stations)
Using 6% Direction Theod. - 10 positions - 3 hours, 20 m n.
Using 7" Repeating Theod. - 3 sets 5 hours, 20 mn.

The one hour difference in observing tine very often means a two-
station occupancy instead of one as a nornmal day's work. The tine sta-
tistics already listed are for occupanci es unhindered by the tenporary
obscuring of signals which is of frequent occurrence in city triangul a-
tion - heat waves and snoke shifted by vagrant w nds, noving ships and
dock cranes being mai n causes of lost time. It is in the conbating of
these observing nui sances that the direction type instrunent is far
superior to the repeating theodolite. The former nore readily permts
the skipping of a tenporarily obscured signal without delay or hindrance
in the closing of the set. This one advantage al one renders the direc-
tion instrunent al nost essential for the efficient prosecution of city
triangul ation.
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"The fact that with the usual type direction theodolite the ob-
server nmust constantly nove about the instrunent while observing makes
the direction theodolite unsuitable for work in cranped quarters". For
set-ups, so cranped or unstable as to require a nm ni numof novenent,
the repeating theodolite is unquestionably superior. However, such
set-ups are infrequently encountered even on city triangulation - the
New York Gty control survey listing but 5%of all set-ups as being
within this category. On ordinary coastal triangulation there shoul d
be an even snall er percentage of set-ups definitely requiring a repeat-
ing theodolite.

To nore efficiently extend conprehensive second-order coastal con-
trol and acconplish city triangulation over the waterfront areas, the
new second- order theodolites should prove admrable instrunmental aids.
For the suppl emental triangulation requiring |ower accuracy, and for
nmount ai n work where weight is the controlling factor, the 7-inch repeat-
ing theodolite will undoubtedly serve as heretofore. 1In so far as accu-
racy is concerned, any Parkhurst 6%inch second-order direction theodo-
lite (provided with a circle equal to the one installed on H 313) shoul d
give first-order accuracy, under nornmal observing conditions, wth but

a mni mum of positions.
R A R

From Season's Report of P. A Snith on First Oder Triangul ation

Several engineers in the |arger tows through which the party was
operating requested that we establish two or nore points which night be
used to extend future first order work within the city. The ordinary
i ntersection points, such as water tanks, spires and stacks, are not
adequate for this purpose. (bservations are usually made on such ob-
jects during the day and | arge errors caused by phase, atnospherics and
poor objects for signals are likely to result. | believe that we shoul d
nake it a rule to establish in each city which lies within an arc of
our first order triangulation at |east two occupied stations, the posi-
tions of which have been deternined with first order accuracy. A
present, nost engineers consider the intersection stations which we pub-
lish in our lists of geographic positions as strictly first order posi-
tions. Wile the nunber of engineers at present who thoroughly appre-
ciate first order accuracy are few, there are neverthel ess enough of
themwho really need a control base, and who would use such a line if
given to them to warrant the slight additional cost necessary for such
work. Even the short lines used at present on first order work are too
long for the | ocal engineer. None of these engineers can afford the
cost of building such high signals as are usually required. It is there-
fore recormended that each town of inportance be given a suitable |ine
which is intervisible fromeach end if possible, at |east one end of
whi ch has been occupied. In larger cities these points should prefer-
ably be on high and permanent bui | di ngs.



-48-

CC5T CF HYDROGRAPHY

F. SO Borden, H &G Engineer, U S C &G Survey

The follow ng statistics are based on a study of the cost of hydro-
graphi ¢ work acconpl i shed since 1920. They are given for the larger sur-
vey units only. Lack of cost data prevents the inclusion of a consider-
abl e nunber of projects.

In determning the unit cost of hydrographic work involving a w de
range in the spacing of sounding lines, it is apparent that the unit "cost
per square mle" can not be used. The unit should be based on the inten-
sity of the work, that is, either "soundings per square mle" or "niles
per square mle". The forner could possibly have been used before the
advent of echo sounding, but with that nmethod avail abl e, the cost of
"soundi ngs per square nile" will depend |argely on how nany soundi ngs one
cares to record. Consequently, the unit "cost of nmiles per square mle",
or what anounts to the sane thing "cost per mle", has been used.

Intensity of sounding (I) = mles per square nmle =
average spacing of sounding lines in "lines to the mle"
Unit cost = & ,_c?st per squarg milc
I miles por square mila

= cost por mils.

. PROJECTS PROR TO"WEE OF R A R AND ECHO SOUNDI NG (i ncl udes
al | other methods)

: Miles
VYossol Localitics basod on  Unit cost
SURVEYOR S.5. & S.W. Alaska 20736 :$11.’?4:
GUIDE _ U.8. {Pacifia) 16862 11.90
HYDROGRAPEER (I} TU.S8. (Gulf of Mexico) 16816 12.02
NATOMA U.8. (Pacific) 4250 12.28
EXPLORER S.I. Alagka 3060 13.74
PIONEER U.S. (Pacific) & Alaska 17379 14,27
DISCOVERER U.S5. (Pacific), Alaska & T.H. 9336 17.63
BACHE U.S. {Atlantic and Gulf) 16506 18453
RANGER Ue8. {Gulf) and Virgin Islands 6882 20.22
LYDORIA U.8. (Atlantic, Pacific) and Alaskn 23875 24,11

Vean (weightod) of ontire fleet = 316.02

I'1. PROJIECTS SINCE USE OF R A R AND ECHO SOUNDI NG (i ncl udes
al | et hods)

Ml es

Vessel Localities based on Unit cost
Pl ONEER US (Pacific) & T.H 30905 $ 5.9
D SOOVERER U S. (Pacific) 7814 6. 65
SURVEYCR S W A aska 3142 7.43
QJ e U S (Pacific) and T.H 8603 8.22
NATOVA U S (Alantic) 4671 8.91
LYDON A US (Alantic) 3988 13.72
RANGER US (Alantic) 2309 13.73
OCEANOERAPHER US (Alantic and Qilf) 6543 17.82

Mean (weighted) of entire fleet = 38.45
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Reduction in cost since devel opnent of echo sounding and R A R
16 002 - 8045

= amcl
16.02 -+
I11. LOCALITIES
Tnit Cost

Before echo sounding Since echo sounding
S.W. Alaska 519424 B 743
S5.E. Alaska 12.99 —
U.8. {Pacific) 14.81 777
U.S. {Atlantic) 19,03 13.25
U.8. {Gulf} 16.53 ——
Hawalian Islands 15,48 5.19
Wost Indies 12.43 —
Mean (weighted) 16.02 8.45

Not es and Expl anati ons:

1. The unit cost given under the OCEANOCGRAPHER includes the LYDON A
on their conbined project on Georges Bank, 1930.

2. The relatively high cost of hydrography on the Atlantic Coast is
due partially to the nmore expensive control required but largely to the
fact that a greater percentage of the areas nust be sounded at reduced
speeds than is necessary on the other coasts.

3. The conparatively |ow cost of hydrography in the Hawaiian |slands
since the advent of echo sounding is partially due to the fact that the
projects on which it is based include sounding lines to and fromthe
wor ki ng ground whi ch have averaged several hundred mles fromthe base of
oper ati ons.

o« [

The percentage of the total annual budget of the United States appro-
priated to the Coast and Geodetic Survey is less than three-quarters of
one-tenth of one per cent.

The per capita cost per year to citizens of the United States for
mai ntaining the Bureau is less than two cents.

The reduction in production of the Bureau resulting fromthe 1933
econony budget is 5 per cent; the corresponding reduction in per capita
cost is one-tenth of a cent.
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THE SACRAMVENTO- SANJ QAQUI NDELTAPRQIECT
O S Reading, H &G Engineer, US. C & G Survey

Sone ideas and |deal s which have had much di scussion around the office
are going to be tried out in Californiashortly. Two new 1:40,000 charts
of the delta and | ower reaches of the Sacramento and San Joaquin R vers
have been authorized and fortunately, it has bean possible to arrange
for the enployment of the latest devel opments in both control and aerial
phot ogr aphi ¢ surveys on the project. In addition, the problens to be net
are very sinmlar to those along alnost the whole of the Atlantic and Qulf
coasts where the devel opnent of intercoastal waterways demands new charts.

Dredging is in progress under a Federal appropriation whichwll es-
tablish a 35-foot channel up the San Joaquin R ver sone 45 niles to
Stockton and 10 feet will be naintai ned some 59 niles up the Sacramento
Rver to Sacramento. An area of about 850 square niles around and above
the junction of these rivers is interlaced w th navigabl e streans and
sloughs used to transport agricultural products fromthe diked farns of
the delta and by various small pleasure craft. The areais flat with
enough trees to necessitate high signals for many of the triangul ation
stations.

The dredging and inprovenents are under the supervision of the U S
Engi neer Qorps whi ch has made surveys al ong the principal channels for
use inits work. The area was also surveyed on a scale of 1:31,680 by
the Geol ogi cal Survey around 1908.

The main problens are the coordination and revision of existing sur-
veys, and especially provision for the accurate application of future
surveys and devel opnents by the Engineer Corps to the charts.

For sone time there has been a growing appreciation of the desira-
bility of breaking down the long lines of thefirst order control and
establishing two or nore stations readily intervisible wthout expensive
hi gh towers near each locality where sizable engineering works are |ikely.
A first order double observer triangulation party under Lieutenant John
Bowi e recently conpl eted an arc down t he San Joaqui n val | ey and then took
up work on title control for this project. This party will run an arc of
first order triangulation with stations five to ten niles apart al ong
both rivers to connections wth the main first order arc which spans the
valley with considerably longer lines inthis vicinity. The party is
equi pped with ten 90-foot Bil by portable steel towers and first order
theodolites. The main schene stations will be of first order rather than
second became wi th such nodern equi prrent and trai ned observers there is
little difference in cost between first order and second order worKk,
ni ght observations on lights being nost econom cal over the marsh for
either class. In addition to the nain schene stations, there will be
occupi ed suppl enental stations at intervals of about two miles, the ma-
jority of which will be intervisiblew thout tall signals and which wll
also be stations of the Engi neer Corps triangul ati on and traverse wherever
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practicable. Lieutenant Bow e reports that the Engineer Corps has of -
fered the meet cordial cooperation and that he expects to tie-in practic-
ally all of their stations. As the Engineers' stations along the San
Joaqui n are each narked wi th about 5 tons of concrete, there is no doubt
that future surveys will he thoroughly coordinated with the present pro-
ject.

The short and frequently intervisible lines will nmake it sinple to
recover the fundamental control for such revisions as nay becore neces-
sary fromtine, to tinme without going a long distance or building tall
towers for the purpose. A report discussing the results and costs of
this control survey, especially the practicability and desirability of
continuing such work in simlar areas will doubtless appear in future
nunbers of the bull etin.

The control will be followed by an air photo topographi c survey
"which it is hoped wi |l be nore accurate as well as nmore econom cal than
any as yet acconplished on the 1:10,000 scale to be used. The Arny Air
Gorps is cooperating nost cordially on the project by photographing the
areawiththe newfive lens camera. In addition, it is expected that the
nost di stingui shed aerial photographer inthe country, Captain A bert W
Stevens, will operate the canera and Lieutenant J. F. Phillips, a photo-
graphic pilot of rare skill, will fly the job. The five lens camerawith
its extraordinary field of 135 degrees and its six-inch focal length wll
photograph a strip five mles wide on the 1:10,000 scale froman altitude
of 5,000 feet. The photographs will be overl apped sixty per cent, both
along the strip and laterally and successive strips will be crabbed fif-
teen degrees in opposite directions. As the centers of some el even suc-
cessi ve photographs will appear on each picture, there will be such an
interl ocking of the photographs as to give anost rigidradial line plot
throughout the area as well as along the closely controlled river banks.

The detail will be carefully traced fromthe photographs and then
reproduced on the 1:10,000 scal e by photo-lithographic nethods. Bl ue
line prints on al umnumnount ad paper to exact scale and w thout appreci-
able distortion will be sent to thefield for use as planetabl e sheets on
whi ch the tenporary hydrographic signals can be located directly. Qher
distortion free prints will be supplied for boat sheets and smooth sheets.
Black andwhite prints of the sheets on chart paper will al so be issued
to the general public at fifty cents per copy. Sone forty sheets £5 x 30
inches in size will berequired to cover the area. In addition to supply-
ing information for the charts, it is hoped that the sheets wll be of
consi derabl e use for salt water barrier, flood control, and other engi-
neering studies as wall as for the general future devel opnent of the area.

The hydrographi ¢ surveys of t he Engi neer Corps wi Il be reduced to
the 1:10,000 scale and. applied to the sheets. This hydrography will be
suppl enent ed by soundings inthe sloughs and channels not regul arly sur-
veyed by the Engineer Corps. It is expected that the sheets will be
accurate enough to stand enlarging to 1:5,000 where this seals is neces-
sary to show the depths of narrow channels. A special camera which can do
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this enlarging without appreciable, distortionisto be built.

It is expected that the resulting surveys will be truly basic in
bot h accuracy and quantity of information, that all types of maps nay be
revised or conpiled fromthemand that revision surveys of the future
may be plotted w thout discrepancies for an indefinitely |ong peri od.

Articles describing the outcone of all these expectations wll
doubt | ess appear in future nunbers of the bulletin on account of the im
portance of the results for planning surveys of simlar areas along the
East Coast .

An especially noteworthy feature of the work thus far is the cordial
and effective cooperation existing between the various governnental or-
gani zati ons concerned. The photographic survey with the five lens canera
coul d not have been acconplished w thout the assistance of the Air Corps.
The free interchange of infornation between the Engi neer Corps and t he
Qoast and Geodetic Survey will result in nmore up-to-date charts on the
one hand and accurate coordination of surveys on the other; againin
total efficiency on account of division of work which will not be |ost
through lack of cooperation between separate organi zations.

Not ewort hy al so has been the activity of the Inspector of the San
Francisco Field Station in pronoting the project and assisting in this
cooperation as well as in arrangerments for placing photographic targets
on control stations where necessary and ot herw se assisting the field
oper at i ons.
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OLD SURVEYS AND NEW

Hugh C. Mtchell
Seni or Mat hematician, D vision of Geodesy.

A major function of a schene of first-order triangul ati on across any
region is the full coordination and correlation of all detail surveys of
that region. This does not nmean only those surveys which are contenporary
with or which may cone after the first-order schenme, but there are good
reasons why earlier surveys - even back to the earliest ones - should,
through a principal control survey, find full reference, each with all the

ot hers.

Wiile a full coordination and correlation of hydrographic charts are
of fundanmental inportance to all who use them the actual conparison of
the ol d surveys of an area with the newis of no concern to the mariner.
He is concerned only with the present. He desires the best obtainable
charts showing present conditions. As soon as a new edition of a hydro-
graphic chart is issued, the editionwhichit replaces is nmarked "(bso-
lete". But such a chart is obsolete only so far as the navigator conning
his vessel through its waters is concerned. Apart fromtheir value as
an historical record of certain conditions at a certain epoch, such
charts have large value for engineers. The student of physical hydro-
graphy engaged in traci ng shoreline changes - the scouring of new chan--
nels, the filling-in of old - will require a nunber of such "obsol ete"
charts, each for a different epoch, and the value of his studies wll
depend not only on an orderly sequence of the epochs of the charts used,
but in a large degree on the coordination and correl ation of the records
on which they are based. In tracing the building up or wearing away of
a shoreline, the sequence of the charts may often have great cadastral
val ue and acquire strong legal quality. Likew se in the planning of
shore structures, whether they be constructive, as wharves and docks, or
renedial, as retaining walls and dykes, a know edge of what has occurred
inthe past is essential to good planning for the future.

The various functions and values of a first-order control are well
exenplified in the proposed triangul ation over Long Island Sound and
across Long Island itself, for which the reconnai ssance is now bei ng
made. These shores have been covered a number of times by surveys of
this Bureau, the first surveys in this regi on goi ng back close to a hun-
dred years. The successive surveys in each region have foll owed the
ordinary procedure of having each survey obtain | ength and position and
orientation fromsome preceding one, and being thereby subject not only
to any inaccuracies in the marking of the older stations, as well as to
errors of recovery, but also to an accunul ation of errors - not bl unders,
but errors - legitimate errors, but errors none the | ess, which will
accurmul ate as the detail survey becones nore and nore renote, in tine
as well as place, frombasic control.

Fortunately for the surveys along the shores of the Sound, there
are in that region a nunber of stations which have been recovered and
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used a nunber of tines, and connecting these stations to the first-
order triangulation will satisfy all requirements. Some of these sta-
tions are |ighthouses whi ch have been used repeatedly as hydrographic
signals. Qhers are points rmarked on the ground, which, because of
natural conditions, have been sheltered fromthe decay and erosion that
ordinarily come with the passing of tine, and through fortunate | oca-
tion have escaped destruction by man - either in legitinate building
operations, through, ignorance of their nature and val ue, or because of
vandal i sm

A strong contrast to conditions in the Sound with its rock-ribbed
shores is furnished by the southern shores of Long Island, with its
marshy margi ns, its shoal bays, and its ever shifting sands. Here, in
pl aces, even the best of survey nonuments nust yield before nature's on-
slaughts, and it is the irony of survey conditions that in those regions
where property values are high and ol d survey stations nost val uabl e
changes have been greatest and the recovery of old stations nost diffi-
cult.

The survey sheets of the Coast and Geodetic Survey are steadily be-
comng nore and nore val uabl e as records show ng shoreline changes, and
are proving of great assistance in settling certain types of property
di sputes. Wienever it is possible to obtain a nodern determ nation of
geographi ¢ positions of objects on an old survey sheet, indisputable
evidence is secured relating the old surveys to the new, showing for a
certainty the sumof the changes whi ch have occurred between the two
dates. Wile in sone cases, as has just been instanced for the shores
of Long Island Sound, it seens reasonably certain that a sufficient num
ber of old stations, points rmarked on the ground and such structures as
l'ighthouses, will be recovered to give an accurate answer to the ques-
tion of relating the old and new surveys, in other regions it may be
that not a single marked station will be recovered and dependence mnust
be pl aced wholly on other objects which were determ ned as suppl enen-
tary stations. It is in the recovery and use of these suppl enentary
stations of the early surveys that experience and good judgnent are nost
essential, for here what may seema normal, |ogical conclusion may sorre-
tinmes prove erroneous and | oad the engineer astray. Instance the report
nmade on a triangulation station called "Norwal k north spire", deternined
in 1834, and reported as |ost by an officer of the Survey in 1909, who,
by investigation, found that the edifice having become too small to
accomrodat e the congregati on was taken down and rebuilt on the sanme site
in 1840; that sonme of the old tinbers were used in the tower for the new
spire, and that the weather vane on the new spire was the same that sur-
nounted the old. He reported that the old spire was on the eastern end
of the church, the newone on its southern end. How easy it woul d have
been to assume a recovery of the old station - until observations proved
sonet hi ng wong. Anot her instance where things were not just what they
seemed was the case of a life saving station tower on the south coast of
Long Island which was visited by an officer of the Survey after he had
secured several cuts on it; he found it was being noved to a new site
on the beach. Years later another report on this object stated briefly:
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"The .... described building evidently had not reached its destination
in 875".

Inspite of such instances as the above, buildings, or rather def-
inite points thereon, stake good stations for the control of detail sur-
veys and maps. The danger in their subsequent use lies in the possi-
bility of a renodeling which will cause a shifting of the point observed
on. Church spires especially make splendid objects on which to observe,
but they nust be used with extreme caution. It not infrequently happens
that a church is enlarged several times to nmeet the needs of a grow ng
congregation; sonetines it is entirely rebuilt on the original site
Wth alterations or rebuilding, aspireis apt to undergo a change of
position, sometines so slight as to make one suspicious of the observa-
tions rather than of an actual change of position. An historical in-
quiry wll usually prove nost profitable and di scover any changes that
may have occurred in a building since it was first determ ned.

An inquiry into the history of a building, such as a church, is
usual ly not a difficult matter. The church's own records and the data
usual ly carried on the cornerstone or on a nenorial tablet may furnish
all the evidence required in tracing its history inrelation to alter-
ations and a possible rebuilding of the structure. Wth other buil d-

i ngs one may have to depend upon a personal inquiry anmong the resi-
dents of the neighborhood and in rare cases there is always the final
resort of a redetermnation by triangulation of the point in question.

That tinme and trouble may sonetinmes be saved by a prelimnary in-
quiry into possible changes in a nei ghborhood even before a search is
nade for a narked and described point is shown by the follow ng report
on a station established in 1875 on the ocean side of |ong Island:

"The above described station undoubtedly is no |longer in
exi stence. Al though the present shore (ocean side) of the
beach is 250 neters south of where the station stood in 1875,
the C and G Topo. Survey of 1879 shows that between 1875
1879 the shore had receded 150 neters to the northward, show
ing that the beach was washed away subsequent to 1875 and
remade at sone tine since 1879."

In the face of this study a field search for the station would be a
waste of tine, though without the study many fruitless hours nmight have
been spent digging and probing in the ground around the spot where the
station had stood.

Fl agpol es are unsati sfactory objects for perpetuating a control;
they are sonetimes bl own down or struck by I|ightning or otherw se de-
stroyed and are not always (perhaps"not usually" is a nore accurate
term) renewed in the sanme position. Furthermore, the history of a flag-
pole is not easily traced. Chimeys are nore satisfactory objects than
flagpoles in holding detail control, especially where symmetry of form
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conpensates for bul kiness. Even where a chimey is torn down its founda-
tion often renai ns, and where a house is pernitted to fall into ruins
the chimmey may renain (at least in part) even after the house has suf-
fered the fate of so nany abandoned houses - gone up in flames.

There are nmany objects with well defined points on themwhi ch nmake
admrable targets on which to observe and whi ch, because of |ocation and
appar ent permanency, mght have w de use in future surveys. To sel ect
only a few of these objects for determination is unwi se, since no one
can say which ones will be destroyed in the future and which will remain -
and we know that the nortality among such objects sel ected for survey
pur poses nmay be quite high.

If an object is carefully described when first determned - describ-
ing not only the particular part pointed on in the observations, but any
ot her characteristics of the structure which will help identify it -
subsequent visits to the stations are aided and future recoveries of the
station or proof of its loss are nmade easier. Even where the object is
known to be a tenporary character, a statement to that effect is desir-
able. It may be taken as an axiomthat ANY CBJECT WORTH DETERM N NG | S

WORTH DESCRI BED.
FEAAFAE AR GRS
NATOVA HAS OLCsE CALL

While at anchor in Pollock R p Channel observing currents on the
ni ght of Septenber 9, 1931, the NATQVA narrow y escaped destruction by
bei ng run down by the Hanburg- Arerican liner develand. Al though the
ni ght was clear and the NATOVA had the regulation lights, the German
liner apparently did not recognize her as a vessel at anchor until very
close and then, with a blast of her whistle, she nade a quick turnto
starboard and flashed by, side-sw ping the NATOVA and | eaving a streak
of black paint on the NATOVA' S bul warks. No material danmage was done.

(Grcular letter No, 22, 1951, anends paragraph 516 of the Regul a-
tions which prescribes the signal lights to be shown when engaged upon
survey wor k) .
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HEADQUARTERS

Captain R. S. Patton,

Director, Coast and Geodetic Survey,
Washi ngton, D. C

Dear Captain Patten:

There has just

come to nmy desk the June Bulletin of

DEPARTMENT OF COMMERCE

BUREAU OF LIGHTHOUSES

WASHINGTON

Jquly 28, 1031,

iy
Captain R S. Patton, Director, dg ¢
U. S. Coast and Ceodetic Survey, 5‘?4_"
Washi ngton, D. C. kF
My dear Captain Patton:
| have just spent a delightful hour or two
with the June Bulletin of the Association of Field

Perhaps this was hel ped by an unusually
mood from having spent |ast Sunday eve-
and Mrs. Julian DeCourt. | do not
know whet her you will personally recall the then
Capt ai n DeCourt, but there must be a nunber of
officers of the Survey who will recall his coopera-
tion in conbating the pul ajanes and the baguios on

Engi neers.
rem ni scent
ning with Major

the Association of Field Engineers, U.S.Coast and Geodetic the east coast of Samar during the seasons of 1905 and
Survey, | have | ooked through its pages with interest, and 1906 or thereabouts, when the PATHFI NDER was wor ki ng
wi sh to conpliment your organisation upon publishing such an inthat section, and later on when Captain DeCourt was
instructive and creditable Service bulletin. | am confident stationed at Boac on Marinduque. At Boac Captain

it is proving very helpful to the personnel of the Coast and DeCourt and his bride of a month were guests on board
Geodetic Survey as well as to those interested in the opera- the FATHOMER at a dinner welcoming the witer and his
tions of your Service, bri de of two weeks.

Very sincerely yours,

Passing abruptly fromrem niscence to the very
practical present, | have been especially interested
inthe articles in the Bulletin pertaining to sone of
the strictly nodern phases of the Survey's work, par-

AN

- wEy—
F. C. BILLARD, ticularly the RAR, and the use of aerial photography in
Rear Admiral, U.S. Coast Guard, the revision of topographic surveys. As suggested in
Commandant . the article on some supplenmental use of air photo topo-
graphic sheets, it appears to me that the Lighthouse
Service m ght find these sheets very useful in various
ways. | do not know whether it would be practicable
Brigadier H St. J. L. Wnterbot ham for your field_pafties to collect data _by this neans .
Director, O dnance Survey Cffice, of other than incidental value to the Li ght house Service,
Sout hanpt on, Engl and. but I_f so, | venture to suggest thvat aerial photographs
! . of |ighthouse reservations on a fairly large scale would
Qdnance Survey (ffi ce, be of immense value to this Bureau.
Sout hanpt on, 4th August, 1931
M/ dear Bowi e:
. X . . | have personally found this copy of the Bulletin
This norning | found on ny table an envel ope which contai ned of such interest that were it a strictly official publi-
a copy of the June 1931 Bulletin of the Association of Field Engi- cation, and not limited as | realize it must be in the
neers of the United States Coast and Geodetic Survey. The briefest nunber of copies available, | would be disposed to request
glance at its scope shows that it is not only val uabl e but, one that copies be furnished to each one of our district

mght say, indispensable to us in the Odnance Survey.

First of all, then, | want to thank you for your personal
intervention which, | take it, resulted in ny having this copy,
and, secondly, | would like to know through what channels I can
acquire the first two Bulletins, for | see this is marked No. 3.

Yours sincerely,

(Signed) Wnterbot ham

W Bowi e, Esgre.

Intern

AnERCin

THIATATHREE We 5T THIRT varinYR ETige?
Hew Yomk .

July 16, 1931
MR RAYMOND S. PATTCN

M Am Soc, CE

U. S. Coast and Geodetic Survey

Washi ngton, D.C
Dear M. Patton:

W are just inreceipt of the June Bulletin No. 3 of
the Association of Field Engineers of the U. S. Coast
and Geodetic Survey. This is avery excellent piece
of work and | find many itens that are interesting
and instructive. Pl ease extend our congratul ations
on the result they have acconplished to those who are
responsi bl e for gathering together those interesting
articles and putting themtogether in this attractive
form The nmakeup of m neographed sheets with full
page illustrative sheets is unusual but the result
both pl easi ng and effective.

¥ 1ncm

TLMOT
MenngeT of Publicatlons

is

I nternational

superintendents.

ncergly yours,

Deputy Commls#ioner of Lighthouses

KDK: EBF
Translation - A Ervin
Office of Secretary,
ational Association of Geodesy,
of the
Geodetic and Geophysical Union.
78 rue d' Anjou, Paris (8).
FRANCE.
PARI' S, August 9, 1931.
My dear President;

received Bulletin No. 3 of the Association

| have to-day
the U. S, Coast and Ceodetic Survey (June,

of Field Engineers of
1931.)

it is you who sent ne this volune, unless
it mght be one of the authors of the articles on photogram
metry which are inserted init: Messrs. O. S. Reading, WJ. Cho-
van, etc. for those-articles are marked with a red crayon in
the Table of Contents. In any case, | find this issue very
interesting by the nunber and variety of the articles which it
contains, and | wish to ask you if it is possible for you to
have the Association of Field Engineers make regular service to
the Library of our Association, that is to say, to send previous
Numbers 1 and 2, and to forward nunbers in the future.

| suppose that

shall send
Geodesy.

that Association so desires, |
the Associ ation of

I n exchange, if
directly to it the publications of
Accept, | beg, ny dear President, my best wi shes,
(Signed) G Perrier,

Secretary.

M. W Bowie.

C. &G S. 419
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PITIEION OF Mits LIEAARY OF COREAILY

&ssoelation of ¥Fleld Engineers,
U. 8. Coast & Geodetic Survey,
Washington, D. C.

Gantleman:

On returning from the Cedet Summer Practice
Crulse 1s found a copy of your Bulletin No, &
for June. Its ocontents are of such absorbing
interest to and value for cadets, and for of=-
fleers as well, in the course of instrustion
here that I have to request that the two pre-
vieus numbers be sent $o us to be placed irn our
library. .

Please advise if there is any charge for
these bulletine, which we will be glad to defray

Respactfully,

A it

H. G, HAMIET,
Captain, U. 5. Coast Guard,
Superintendent.
Poisdam, den 27. August 1831
Dear Dr. Bowie: : ’

Savbral days mgo, I received the-Bullatin of the Fisld Enginesrs of
the U. 8, Coast and Geodetio Survay, No. 3, June, 1951. I amsume thet it
was sent to ma thréegh your kindhass, I wish to express my ninoars thatks
to you for doing it and T wish to tell you ihat this publication has in-
terented me very mith, T would feel very mueh obliged to you if you
could let mp have aleo the two precading coples and to send me overy mub-
gequent publiestion. If this remittance has Hot baen cscemioned by you,
then I wish that you wenld direct my thenks to the publisher or to the
ons who sent me this copy.

I was aspeclally interesied in your letter tc Commander Borden, eon-
esrning the aim and purpose of the Bulletin, and alpo your report concarn—
ing the progress of the control surveys which you are sxeouting at the
preammt time. I -congratulate you sinceraly that you have sucosaded in re-
celving a fourfold ineresse in the approyristion for your institution and
in addition an increase in your personnal. :

Thanking you again and with sincers greetinga, I remain
Your Devoted

Prof. Dr. E. Kehlschitter,

Diractor, Geodetic Institute,

Potadan, Germany.
DEPARTMENT OF COMMERGE

LIGHTHQUSE SERVICE

ADEARES ALL COMMIAIEAToreE T

CHARLEETON, B, &,

HLB:30'B
DFFICE OF SUFERINTZNDENT, £TH DASTRICT
CHARLESTON, E. G,
The Chairman, August 6, 1951

Exacutive Comnittes,
Apzacietion of Fleld Engimeevs,
T, S, Coant and Geodetic Survey,
Washington, I, &,

Dear Siri-

Sobo good friend of mine and mssociste of the pld
I mas & Lember of the field organization of the Copat and Geodai?}:sﬂzxzy
is probebly respmaibls for my having recelved a copy of the Jurme, 1931
waiber of the Byllatin of the Asncolstion of Field Enginsars. X wish to
eXpross my aincers thanks for his action,

o Bulletin iz an exceadingly interssting
publication, per-
:;gu::rlyigz mi:l:h:’:u;t Sviu'veuf officer whose recollections of hiu'wgrk
soplgtes orvice will always be fresh fn
moat pleasant end agreeable. P I e well es
The alrmost rlawlsss parfoctlion of 1is %
ypographieal make 1
is werthy of speeclel mention. A1l of ths artisies mre most intersating ¥
eand informative. The comments and informa) expressions of the ipdividual
Tiews of tho waricus authors, a good many of whow are well lmown 1o ma
n’mka it a fescineting publication. '

Agein I thank my friend whoss 14sntity 1z net kmown to M

Sinesrely and cordially,

Superintendent of Lighthousaes.

BUREAY B8 LIGHTHGUEES, TIPT. OF Gou.

July 17, 1831,

¥r, 0. 8. Beading,
Soast and Geodstlc Burvey,

Yashington, D. C.

Ky dear Mr. Reading:

I have pleasure in acknowladging, with thanks, a
copy of the tuiletin of your Assoclation of Field Rngineers,
June, 1931, edidton.

Ths bulletin is extremsly interesting, particularly
the articles it coniains on the subjlect of photo-mapping. Do
you think permlasglon could be obtaibed to publish in the Board
of Surveyes and Mape seotion of The Military Englneer portiome
of the paperd that might be of interest to reasders of the mag-

Credit would, of courae, be given in eny cafe.

Yery truly yours. E ;‘
J Wheat,

‘Becratary.

agine?

BUHEAY HYDROGRAFHIQUE INTERUATIONAL INTERMATIONAL HYDROGRAPHIC EUREAL

Monnce. Moneea.
25th Auguet Y931

My deax Captein Patton,

I wish to thank you for the June Bulletin, 1931, of the Association
of Fisld Engineers, U.3.C. & O. Survey, which I appreciate very maoh.

I am asksd to commnicete to you the following: “Admiral Tonta
appreciates very highly the gracious kindness of the Asmooiation of Field
Bugineers, U.8.C, & G. Burvey, in sending to him Bulletin No. 3, June
183, of that Assocciation. Ha is convinced that this pubdblication, the
Tlret exsmple of a free hydrographic trituns, will contrivute much to the
‘progreas of hydpogrephy and navigation.

In the November mumber, 1931, of the Hydrographie Review, Admiral
Tonte will publish e note on the "Exact Detemmination of Feints at Sean,
which was ipsplred by the interesting articlea of Masera, . D, Jowie
and K, T. Adamp, peblished in thes Dacember, 1%30, Bulletin of the Asso-
ciation of Field Engineers, U.B.C, & G. Survey.”

Sincerely,

Captain R. S, Pattom, {81gnsd} Andrew 7. Long

-Director, U.5.C. & G. Survaey,
Washington, D. C.

PACIFIC POWER & LIGHT COMPANY
PUBLIC SERYIGE BUILDING

PORTLAND, OREGON

ah
July 17 1951 o
e
AL
1
N
Cogmander F $ Borden
Sec. Assn of Fisld Engineers
T 5 Coast and Geodetic Survey
Washington [ C
My dear Commander Borden
To say that I am pleased with the Bulletin of the
This is

Association of Field Enginsers is putbing 1% mildly.
eertainly an entieing publication, Whem I opsued 1%, through
some freak of fate, I fownd myself looking et page 83, whish
is the beginning of the artiole about my grandfather McArthurfs
expsrience with the mutiny in San Francisso Bay.

Thls sort of publication it seems to me ought to be
exceedingly valuable te the men in the field as 1% zives them e,
shanee to exchavge ideas and experlances.

Your sourteay and that of Ceptein Patton in keeping me in
mirnd is greatly apprecinted. I hope this is not the only copy of
the Bulletin I will recelve.

LaMeh=GH

CE&ESs 418
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Uni versity of M nnesota
Col | ege of Engineering and Architecture
M nneapol i s July 20, 1931.
Captain R S. Patton,
Drector, U S. Coast and Geodetic Survey,
Washi ngton, D.C

M/ dear Captain Patton:

| have received a copy of Bulletin No. 3, June, 1931, of the Asso-
ciation of Field Engineers of the U. S. Coast and Geodetic Survey. The
material in the volune made up of contributions fromvarious officers of
the Survey, is exceedingly interesting to me in view of ny forner ser-
vice and long relations with the Survey. | w sh to express ny apprecia-
tion of the courtesy of the one to whom| amindebted for the vol ume and
ny congratulations to you as Drector of the Survey for this evidence of
a loyal and informal activity among your staff. | should be glad to
know who the officers of this association are and especially who consti -
tute the editorial staff of this publication. Please convey to themny
appreci ati on and congratul ati ons al so.

The interest which has been aroused by this bulletin pronpts ne to
ask if | may be supplied with the two preceding bulletins, since this
one is nunber 3. Al so, | hope ny name may be continued on the mailing
list.

O page 111, there is anote entitled, "Stories Needed'. This pub-
lication would seemto be an appropriate place to conpile and preserve
many of the stories connected with the old days of the Coast Survey.
Perhaps, it nay not be aniss for me to contribute the follow ng fromny
remni scences of thirty years ago:

The old time devotion of field officers of the old school may be
exenplified by a statenment made in all seriousness by one of the ol der
men in ny presence that "If there is no Coast Survey in heaven, | don't
want to go there".

About thirty years ago, there remained in the Conputing Division
several nmen of very long and distingui shed service, including M. Schott,
M. Doolittle, M. Courtney and M. Dennis. The active charge of the
D vi si on had been placed in the hands of M. Hayford. M. Schott, who
for many years had been the Chief of the D vision and the |eading geode-
sist inthe country, was then devoting his attention principally to the
adj ustment and determnation of the transcontinental arc of triangulation
and the eastern oblique arc of the United States. It was considered
quite a joke anong the younger nmen when soneone referred to that activity
as being carried on by the "D vision of Archeol ogy".

Wthkind regards, | remain
Very sincerely yours,
(S gned) O M Leland, Dean
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The Metropolitan Water District
of Southern California
Los Angeles, California
Beaunont, California,
The D rector, August 14, 1931.
U S (Opast and Geodetic Survey,
Washington, D. C

M "dear Sir:

It was indeed a pleasure for ne to read the splendid June, 1931,
Bul letin of the Association of Field Engineers of the U S Coast and
Geodetic Survey.

| believe this bulletin furnishes a nuch needed medi umfor expres-
sion of various ideas developed intentionally or accidentally by offi-
cers of the Bureau. It is a deplorable fact that there is a consider-
abl e econonmc waste of tine and effort sinply because we do not pass on
to our successors many of the smaller hints and hel pful methods which
often do not seeminportant enough to becone the subject of a special
engineering article. In other words, we do not sufficiently profit by
the experience of others, at least not in the snaller things.

May | suggest that the section entitled "Suggestions" be enlarged
in the next issue and that each officer be requested to send in one or
nore short contributions devel oped fromhis experience or associati ons.

| shall appreciate receiving future copies of this splendid and
useful publication. It has particular interest for ne due to ny forner
connection with the Service and with the F eld Association, the menory
of both of which | prize nost highly.
Very sincerely yours,
(S gned) Floyd W Hough
CGeodet i ¢ Engi neer .

QO == O ~= O == O
To Commander Frank S. Borden:

The next tine you prepare a bulletin, wuld it not be well to in-
clude a note to the effect that if any of the engi neers who have fin-
ished with their bulletins and can not keep themin their files, they
should send themto you? | amsure there will be a call for those bul -
letins for nmonths, or years, after they have appeared. It would be too
bad if sone of our engineers had to throw their copies away feeling
they could not carry them around.

(S gned) W Bow e
Chi ef, D vision of Geodesy
Coast and Geodetic Survey.
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Aer ot opogr aph Cor poration of America
1800E Street, Northwest
Washi ngton, D. C
July 22, 1931.
M. O S. Reading,
U S (Ooast and Geodetic Survey,
Washington, D. C

Dear M. Reading:

I want to thank you for sending me a copy of the June, 1931, Bulle-
tin, and hope that you will remenber me for future copies if they are
all as interesting and instructive as the present nunber, as | amsure
they «ill be.

The information contained in the four articles bearing on the con-
struction of maps fromaerial photographs and on the practical use of
such maps shoul d prove of considerable interest to those readers who
have not had an opportunity as yet to famliarise thenselves with the
possibilities inherent in the use of photographs for map construction.

I hope that sone of your future articles will bear on the field of
aerial photographs as a record of ground conditions and stress partic-
ularly the accuracy of such a record fromthe mat hematical point of
view W all realise the very great inportance placed on phot ography
by the astrononers of the present day, and if they have found phot o-
graphy so valuable in a science requiring extrene precision of nmeasure-
ment, | think that the engi neer and map constructor need have no hesita-
tion in accepting the accuracy of neasurenent nmade on the proper type
of aerial photograph.

Wth kindest regards, | am
Very truly yours,

(Signed) T. P. Pendl eton
Chi ef Engi neer
R T AT ERFAEES
QOST GF BULLETINS

#2-Dec., 1930 #3-June, 1931 There will be 500

(300 copies) (518 copies) copies of this edition
Stencils and paper $28. 24 $56. 25 of the bulletin. It has
Qutting stencils 35.00 35.00 been necessary to reduce
Cover paper 15, 00 16. 97 the cost in order to
Quts for photographs 28.72 58. 42 bal ance the Association's
Printing photographs 10.00 23.00 budget. This has been
Desi gns & draw ngs 20.00 25.00 done by omtting all
Rotaprints 44. 38 45. 80 phot ographs. The total
Bi nding & trimmng 23. 68 51. 20 cost of this issue wll

300)205. 02 512) 312. 64 be approxi nately $250 or

$0. 68 each $0. 61 ea. 50 cents apiece.
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PLOTTI NG ARC CF d RCLE WTH LARCGE RADI US
AND COMPARATI VELY SVALL ANGLE AT THE CENTER

W H. Burger
Prof essor of Gvil Engineering, Northwestern University

(I'n comrenting on the et hods enpl oyed by Commander F. B. T. Siens
of draning RAR distance circles of long radii, as described in the
June, 1931, Bulletin, Professor Burger has submtted the follow ng on

that subject:)
;\ By considering the curve parabolic, an approximation
is arrived at which is accurate enough for all draft-
i ng purposes unless the angle cc is too large. There-
fore the probl embecones one of laying off a parabol a
by offsets fromthe tangent "Y' or the chord "C'.
_j::’?'\ BLrJ]rggr"' (s: nmethod is rather a quick nethod of using the
chor .

&e
R
-

Y

Gven the radius "R' and the angle oc, conpute "X' and "Y' by the
ordi nary nethods of trigonometry. Decide on nunber of equidi stant
ordi nates, and nunber as in the figure (seven in the illustration).
The remai nder of the work is rather nechanical and needs only a slide
rule for rapid sol ution.

Formula: Crdinate murker
Tet N = the mumber (1) = £ ,18 2 15
of ordinates select- 7R 49
ed. Then:
2% 12 2
V2 ee e T
(1) =2, 2= (2) = 5.5 = 3
¢ Iy N o 11 =
, 2% 2N-p (3) ‘—**';?"-—,3,'=ng
R
4% 10 40
B 2N-3 (4) =-—‘.;-,—-7-=Z§)~A
(8 =3 -~ 7§
- 9L 9 _ £5
e ee (8} =% . 7 = &%
e . w . rs e - _5'}_:; §- - ﬁ‘
XX = 2N-N (6) ==« 7= L
(W) = eral ,
(r?} uﬂ{. E.".é_:g;}{
I - Y ¢!

In case offsets are wanted fromthe tangent, the successive val ues
obt ai ned above should be subtracted from"X'

(1)@_-&:@5’-}: (3) %—?-—--‘?%—=—35§-}‘I An exam nation of the
49 40 49 =9 ¢ 40 nunerators and denom na-
(2) 52 _ 2t - 25 4 gy 22 40 L 2 o tors will at once suggest
49 49 49 48 4% 4D a short cut. Nunerators
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(upward) 12, 22, 3% 42, . . . (N1)?, whichis of course in accordance
with the fundanental |aw of offsets fromthe tangent to the parabol a,
i.e., that they vary as the squares of the distances frompoint of tan-
gency.

The above suggests a fornula for offsets fromthe tangent:

(1) ="7F X (§-2) =T 1
(N-g) 2 | 12
(2) = @ X (-1} = -I'\TEX
2
_ AN-3)7 0
(8) = S x m =X

If Inconvenient to conpute "X' and "Y' by trigononetry, the
following nethod will provide a graphical solution of them

1S, Join A and B and at md-point M erect
<\\ a perpendicular. At A and B construct
N angl es equal to 90%-cc. This will give
oy $\_ g direction of radius. SA constructed
™. perpendicular to Ewll give tangent at

A SB constructed perpendicular toR
wll give other tangent at B. These two
tangents will intersect on the perpen-
dicular SMat S. Find point T m dway
between Sand M then T w Il be a point
on the parabola and TM= X = ST; and

MB =Y=AM These values of X and Y
may be scaled fromthe draw ng.

\e ool
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A TY TR ANGULATI ON GADCETS
R W Wodworth, H & G Engineer, US. C &G Survey
MONUMENTS
The 1930-31 triangulation revision in the NewYork Gty vicinity has

indicated two principal faults in previous station establishnent; nanely,
non- per nranent type nmarkers and insufficient referencing.

Roof Monurents - Many previously established roof-stations were
rendered difficult or inpossible of recovery through renoval of copper
station-nails, rusting away of iron station-nails, or obliteration of the
same t hrough re-roofing operations. As the roof-stations searched for
were all established prior to 1915, and the large majority during the
period of 1903-08, nost buildings in question have since been re-roof ed.
To obtain permssion to cut through guaranteed 20-year roofing requires
a bit of persuading - to cut through the sanme, unless the definite point
is spotted fromgood reference tie-ins, is futile. To obviate these
difficulties especial care was taken with the 1930-51 roof-station es-
tablishnents to render the nmarks as pernanent and as prom nent as pos-
sible. Only buildings, the construction, age, and usage of which woul d
i ndi cat e reasonabl e 1 ongevity, were utilized - providing, of course,
conditions of present and future control were satisfied fromthese van-
tage points. As the majority of the buildings so used furnish very
stable flat concrete roofs, the nonunents are installed as foll ows:

Two slanting 3/4-inch hol es, approximately 6 inches apart, are
drilled in the roof to a depth as great as roof thickness permts. The
holes are then filled with a fairly stiff m x of neat cenent (or nolten
lead) into which 6-inch |ag-screws are securely turned, the hol es having
been so drilled that the protruding | ag-screws forman inverted "V'.

Over these tie-rods is set the dome-shaped netal form(Il" diam x 6%
hi gh) weighted down with a heavy iron ring. The interior and ri m of
this formare first heavily coated wth heavy gear oil. Care is always

taken to secure a not too liquid 2-to-1 mx of fine sand and cerent

that may be firmy tanped to conpletely fill the form which is readily
removed with the concrete either partially or conpletely set by a slight
| everage under the formrim |In fact, if proper care has been observed
with the greasing, the m x, and clearing away of any outfl owunder the
formrim the formis often found conpl etely | oosened fromthe concrete
of the monunent. The juncture of nonument-edge and roof is heavily
flashed with plastic roofing cenent to insure a water-tight installation.
The resulting monunents, which have been uniformy excellent in shape
and set, are: Pernmanent (re-roofing will not cover, can not be renoved
w thout consi derabl e sl edge-work, and then only with the chance of damage
tothe roof itself); readily recoverable (even with a m ni numof refer-
ence tie-ins); one standard type (a neat nmonurnent, uniform for all roof-

stations).

The sane installation has al so been utilized on several heavily-
beamed wooden roofs. n other buildi ngs, where unstabl e wooden roof s



- 65-

or other structural reasons prevented the use of this nonunent, the stan-
dard triangul ation marker discs were set in drill-holes atop stone, brick,
or terra-cottawall parapets, and so placed that a theodolite or transit
can readily be set up, without tripod support, over the center or refer-
ence di scs.

The question will undoubtedly arise concerning difficulties encoun-
tered in gaining permssionto cut through guaranteed roofing and to
drill building roofs. Few concerns, plant engineers, or building super
intendents are overjoyed at the request - in fact, the initial petition
often elicits an unconpronising refusal. For this party, however, a
per suasi ve pl eader (backed by considerable law training and Irish ances-
try) has gained the establishment of 31 such roof stations during 1931,
with no refusal to data.

It would seemworthwhile to adopt standard forns for triangulation
station establishment - to do away with the heterogeneous assortnent of
nonurrent s whi ch have resulted fromthe fact that heretofore any type sta-
tion nark has been used which time, equipnent, or personnel apparently
dictated. Whiform and standard triangul ati on stati on nonunments of good
construction would go far towards giving a good inpression (and a greater
sense of reliability inthe class of the triangulation itself) to other
agencies using C & GS. datum Wththis inview, and although it adds
one nore non-essential itemto an already |arge equipnment list, it is
thought desirable that a form such as has been described, but construct-
ed of heavy, highly conpressed fiber board, be adopted for use on coastal
triangulation. Such forns (the initial cost of which has prevented their
use by this party) would cost but little inbulk Iots, would nest - hence
take up a snall anmount of stowage space, woul d be proof against noisture
absorption if heavily shellaced. In addition to the usage already de-
scribed, this formcoul d be used to cap rough masses of concrete (all 1931
center-nark 12-inch tiles were so doned for additional height and iden-
tification), or couldbe lagged to bed-rock where a |arge expanse of un-
varying surface Material renders a flush-set station disc inconspicuous
and hard to recover. The inexpensive fiber formneed not be renoved,
unl ess conveni ent for sal vage after the nmonunent has set, but could re-
mai n to gradual | y weat her off the concrete.

Ref erence Measures - Another type roof-station, extensively used in
the 1903-08 triangul ati on survey of Geater New York, nanely, the flag-
pol e, has been rendered doubtful of recovery through an al nost total
lack of reference tie-ins (to buildingwalls, ventilators, chimeys, etc.).
C 43 flagpole stations (main and suppl emental) located by this survey,

38 were conpletely lacking in easily obtainable reference neasures. These
figures do not include flagpoles at such identifiable |ocations as roof
apexes, but only such as are on flat-roofed buildings. True, at present
the najority of these are steel poles (but were they so twenty-five years
age?), long-lived when cared for, but they can not be rightfully consider-
ed "Recovered" unless relocated by triangulation. A small anount of addi-
tional work woul d have guaranteed each of these stations for future re-
covery, whereas now, assuning that repl acements nmay have been nade at
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entirely different |ocations, each of these unreferenced flagpol es nust
needs be classified as "Uicertain" on the recovery note.

Center Marks - The brass bolt type center mark used extensively to
mark waterfront stations of the 1903-08 survey has been enminently nore
satisfactory than the standard "brass triangul ation station discs used to
nark subsequent C & G S. stations accessible to beach conber's activi-
ties. The standard C & GS. disc set in concrete apparently offers a
too tenpting target for the beach-conber, to judge fromthe nunber of
concrete triangul ati on nonuments recovered mnus brass center-marks.
These discs are conparatively sinple of removal with col d chisel and
sl edge. Several reasons might be assuned for this vandalism- the "$250
fine or inprisonnment for disturbing this rmark" aggravating the beach-
conber's sense of personal liberty, or tantalising souvenir-collecting
youngsters; even, possibly, the small value of themetal itself, judging
fromthe care usually evidenced in renmoving all the brass shank. Ten
concrete nonunents, established during the period 1913-26, have been re-
covered in place, but lacking their original brass discs, sone fewretain-
ing the brass shank. To date but two 1930 reference marks are to be add-
ed to this sane list. All of these stations are along the marsh or un-
devel oped wat erfront where the beach-conber, with his penchant for mnute
sal vage, is encountered daily. Even the 1903-08 stations consisting of
brass bolts lead-set in 6" x 5" granite posts have been worked on with
malicious intent, but, inthe main, have discouraged extensive destruc-
tion, especially as the 6" x 6" x 3' granite posts were inbedded in
three-foot concrete nmasses. It has been noted in these sane localities
that U S. Engi neer nmonunments of concrete with iron center bolts are not
tanpered with, nor are their nmonuments using an inconspi cuous | %:inch
bronze disc.

For triangul ation stations liable to this formof destruction it is
nowthe practice of this party to mark the center with %inch rod brass

of anple length cut off inch above the concrete surface and having a
1/8-inch center-hole drilled to extend bel ow the concrete. Standard
disc reference marks are still used, risking the | oss of these discs

rather than possible confusion if crosses, holes, or simlar marks were
used as reference. To further insure the recovery of the true center-
nmark nonunent, especially with the center and reference marks all nonu-
nments of the same form it has been the practice to cap the center nonu-
nent wi th the sane done-shaped formused on roofs. As a secondary nethod
of identification it is planned to use a col ored cenent for the center-
mar k monurent. These devices are used to overcone a condition already
encountered at several old stations, where only one concrete nmonunent
sans brass disc) was recovered where three (I center and 3 reference)
had originally been established. As, at these stations, the three nonu-
nments were identical in size and method of placement) with no wtness-
mark tie-ins possible in the swanp area, the station could not even be
cl assed "Recovered, suitable for hydrographic or topographic control™”
through the inability to identify the surviving nonunent as center or
ref erence nark.
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G ound Monunents - To reduce the time, risk of breakage, and consid-
erable, effort entailed in transporting t he heavy 12" x 3" til e pi pe used
throughout; 1950-31 to uniformy rmark all ground stations (both center and
three reference marks), it is planned to use truncated conical forns of
heavy fi ber board. These can be secured at a nomnal figure, since ver-
bal prices elicited fromone New York firmare only slightly in excess
of tile pipe cost. These forns will have a bottomdianeter inside of 18
i nches, top dianeter inside of 12 inches, height of 3%feet with a heavy
circunferential scoring 12 inches fromthe bottomto permt ready short-
ening of the farmif found necessary. The 3“%foot |engths, afoot greater
than can usually be obtained intile pipes, will permt sufficient height
of nonunment above t he ground surface to facilitate recovery in grassland
ar eas.

A sanpl e on hand of 3/32-inch hard-fiber stock is quite satisfactory,
but is to be inproved by the use of 3/16-inch material and a bevel ed over -
| ap seamsecured by copper rivets. Any tendency towards deforn ng (though
none is anticipated) as concrete is poured can readily be prevented by
dropping a netal ring over the top of the form The sane statenent con-
cerni ng standard roof -stati on nonuments al so applies to this form |If
such a formwere desired as stock equi prent, it need not be limtedto
this sinple form but coul d be nade over a truncated pyramdal nold.
Rounded top edges could |ikew se be secured with the special nmold. This
long form scored 7 inches fromthe top, woul d serve two purposes - the
top knocked off to furnish, aroof-station form the remaining long form
for reference mark usage. Heavy shellacing and copper rivets should ren-
der thisformsafe for danp storage, their conpact nesting woul d take up
little room

SI GNALS

To assure second-order accuracy over the short line triangul atioan
schenmes projected f or the many waterways of the Geater New York vicinity,
it was early realized that extra care nust be taken with signal estab-

i shment, especially as an excess of haze, snoke and heat waves from
chi meys is encountered alnost daily. Wththis in mnd, the followng
speci al equi pnent has been devi sed and nade standard for all observing
parties operating onthis project.

Target Signals - These are used whenever feasible for all distances
up to four mles. Helios are generally used over lines of greater |ength
to conbat the haze. Pole signals only have been erected, always wth.
singl e banners to obvi ate possible phase fromcross-banners, with the
banner faced directly to the observer. Colored cloth and painted canvas
banners have been successively discarded in favor of painted sheet netal
targets, following is a description of the standard target signal used
during the 1931 season:

B ght-foot lengths of 3" x 3" grade A clear grade cypress poles are
sturdy enough to retain their straightness under continued guying. Wen
purchased these are ripped centrally (with a circular saw for 28 inches
near the pole top, this slit admt tingthe nmetal target. The poles are
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banded bl ack and white (1/8" rubber bands nmake good pai nt stoppers).
Three size targets are stocked - 12", 18", 24" widths - which are parti -
col ored black and white to natch the banded pole (flexible enanel paint
is used). Sone fewred and white conbi nations are made up for certain
localities where black nerges into the background. Heavy G 1. sheet-
nmetal of the nost desirable gauge is not stocked by nmetal smths, but is
readily obtainable in the exact target sizes on special order. Wth the
target in place on the pole two slots along the target's center |ine
nmeet two holes drilled along the pole center-line. Common wire nails, of
the same dianeter as the pole holes and target slots, run through and
clinched, efficiently pintarget to pole with no side play. The nails
are readily wi thdrawn when desired to knock down the signal for stowage
ina truck.

The pole is generally stepped directly in a 5/ 32-inch drill-hole
marki ng station center in the standard brass di sc. Four #12 GI. wre
guys secured to the pole top are each set up with 6-inch G I. turnbuckles.

Onhce having used the turnbuckl e method of signal-guying, with its ease
and rapidity, and the longevity of signal plunbness afforded by the prop-
erly tautened guys, hand setting up of guy wires is forever and thank-
fully discarded). An 18-inch length of #1 G, chain passed through an
eye of the turnbuckle and pernanently connected with an "S" fitting to
forma strap efficiently secures guys to stake or other guy point. Using
a 6-foot mason's |lavel perfect pole plunb is quickly obtained. The |ong
level is fully as accurate as a plunb-line for 8-foot signals and has a
deci ded advantage over a plunb-line for windy day usage. These levels
can be obtained in wood or alumnumfranes, and, it is believed, in still
longer nodels if desired. For the 1932 season it is planned to use
30-foot lengths of the same #1 G I. chain in place of the wire guys, these
lengths to be pernanently secured to each side of a small square iron
plate which will have a central drill hole for nailing it to the pole top.
It is thought that the light weight chain guys will naterially sinplify
and expedite signal erection. A few spare lengths of chain equipped wth
shackles will be carried for any over length guys found necessary. Each
truck always carries an anpl e supply of poles, targets, and guys ready
for instant assenbly. This type signal lends itself to one-man erection,
a nunber havi ng been so erected during the 1931 season.

Since taller signals have not been necessary on this survey, and
the 8-foot poles are readily shortened if so desired, only the 8-foot
pol e size is stocked as standard party equi prent. Wth the centralized
target, the signal need not be faced directly to the observer to insure
central pointing over short |ine distances. The observer nust, however,
take care not to point on the target if the lighting is such that the
pol e casts a shadow conpl etely covering one side of the target. The
parti-colored pole and target has often permtted continued observing
where a solid color target or unpainted pole would not have. It is not
uncormmon during one stations occupation for the observer to point on all
sections of pole and target, as sun, overcast sky, haze, snoke, or heat
dictate. A though no | onger as scrupul ously observed as earlier in the
season, if tine and party personnel permt, it is well worthwhile to
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reface targets to the particular station occupied, installing whatever
width target is best suited for the length of line. Abstracts of direc-
tions indicate the best pointings on targets subtending approxinately
/2 the theodolite vertical hair spacing. For H 313, the new second
order direction instrunent, a target width in feet equal to I/2 the dis-
tance in mles, has been used.

The maj or trouble anticipated with the use of this type signal has
not materialized - since none of the 1931 signals were nolested. It had
been expected that netal targets and turnbuckles mght prove fair prey
to youngsters and beach-conbers.

During the season of 1930 it was found necessary to secure target
signals to the tops of several tall and inaccessible steel flagpoles.
This was successfully acconplished by securing the slats of an ordinary
cloth banner signal to the pole by |oose-fitting metal hoops, then, by
nmeans of the flagpol e hal yards, hoisting the signal to its desired | oca-
tion. Trailing guys fromthe two metal hoops, and fromthe four corners
of the banner, permt tightening hoops to flagpol e and facing the banner
as desired.

Reduced Helios - To acconplish efficient triangulation of second
order accuracy over the New York area has required helios for 1ights)
on 40%of all lines observed in order to conbat the inpaired visibility
caused by haze, snoke, and chi nmmey heat -waves, and al so to provide effi-
cient signals where conditions of background do not permt the use of
target signals. This haze is the principal observing handi cap, one of
al nost daily occurrence. A signal, visibletothe eye, or with a |ow
powered field glass, when observed on with the theodolite is often so
blurred in outline or nmerged into the surroundi ng haze and background as
to make accurate pointing uncertain or inpossible. Wth the helio' s-
ability to penetrate thin haze or snoke, observing facilities are nater-
ially increased. Since a full power standard helio in a clear atnosphere
gives off a beamtoo intense for good pointing at distances |ess than six
nm | es, and since 75%of the lines to be observed in the New York survey
were under 3 mles inlength, it became necessary to danp down the helio
beamas distance, atnospheric conditions, and sunlight dictated. Various
nethods were tried inthe effort to attain a satisfactory reduced heli o.

Early in the 1931 season, 18 lines, averaging 2.3 mles in |ength,
wer e successfully observed using colored glass helio mrrors in place of
the standard clear glass mrrors. C various colored glasses tried, the
color depths of which dictated their useful distances, an olive green
glass was adopted and used. This threw a clear white beamof |ow power,
affording excellent pointings for 1%2to 3-mle distances. Like all
colored helio mrrors, this had one fault to prohibit its too general
usage - the reduced shadow cast on the forward sight ring, though anple
with a full sun, required a skilled and conscientious operator to main-
tain a heliowith a partially dimnished sun. Next, a helio shield with
variabl e apertures and using a clear glass mrror was used over a few
lines. Later this device was inproved by the addition of colored filter
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gl asses. The nodified helio resulting has proved i deal for any lines
downto 1 mlein length, as it permts the operator to vary the inten-
sity of the helio beamto suit conditions. Al helios are checked to
bring sights, mirror, and plunb-line hole in alignment. The 3/8-inch

pl unb-1ine hol e, necessary when establishing a helio box directly atop

a station mark, is notched front and rear to hold the plunb-line true
center for other type set-ups. The shield, constructed of heavy gauge
hard brass stock, is readily stowed in the standard helio box and is

qui ckly attached to the front of the box by a single w ng-nut screw so
set as to bring the shield aperture into proper alignnent. The shield,
nunbered for its particular helio, is of box wi dth, overlapping the box
edge to conpletely cut out the objectionable stray Iight commonly not-
iced with unshielded helios onthe shorter distances. To vary the helio's
intensity three circular apertures are provided - the largest of the
sane dianeter as themrror, the next of one-half this area, the smallest
5/8 inch in diameter. The largest holeis inthe shield itself - the
small er aperture and a clear sight-line are provided by a renovabl e
slide. To obtain still nmore latitude inthe helio intensity, and to per-
mt it's use onthe shortest lines, colored glass filters may be inserted
inthe paerture slide guides. These shielded, colored helios nmake ex-
cellent pointings, are the equal of lights for definition, and have ef-
fectively sol ved the problemof short range heli os.

Day lights - During latter July a long period of conpletely over-
cast days, prohibiting helio use, acconpani ed the worst conditions of
"seeing" encountered during the 1931 season - an excess of snoke, haze,
and heat waves practically make inpossible the use of target signals in
the area between Newark and |ower Manhattan. Wth helios sorely needed,
but "no sun", electric signal lights were adapted for day use. These
have since proved far nore successful than the nost optimstic estinates
as to their probabl e useful ness, having gone through on 46 |ines with but
one failure. These lines, averaging 1.9 mles in length, have ranged in
distance from0.9 to 3.1 miles (nautical). The foregoing figures do not
i ncl ude the extensive use of these lights on the Jamai ca Bay triangul ation,
where it is understood they were successfully used over even greater dis-
tances. These lights, at their best on overcast or dully days, are be-
lieved to allow an effective observing range of 3% statute mles on even
the brightest day. |f a black background, not necessarily over 3 feet
square, can be giventhe light, its effectiveness is increased. Their
di sadvantage lies inthe fact that, onthe longer |ines, the observer
nust have a good approxi mation of the light's position to enable its ini-
tial picking up. These day lights effectively substituted for operators
on several days' observing when so short-handed on personnel as to require
one or nore lights to be established then I eft untended during the day.

The ordinary 5-cell, focusing flashlight was adapted for use with
large dry cells and pernanently rmounted in a sturdy open box frame atop
a 6" x 18" base. Eght-foot wire |leads attached to bi nding posts onthe
flashlight are ready for instant clip attachnent to the batteries. Peep
rear, and knife-edge front sights were cut fromheavy guage brass and
nmounted in protecting sem-circles cut out fromthe top of each wooden
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tube-stock. The sights were sinply aligned with the flashlight tube at
equal heights, with no attenpt nade to adjust than to the center of focus.
O eight flashlights so adapted, only one required this adjustnent, after
its light had failed to get through under perfect conditions. Undoubt -
edly, witha sinple adjustable rear sight perntting alignment of sights
to actual light beam the observing range of these lights woul d be in-
creased. It is thought that day lights mght prove feasible over dis-
tances greater than those already observed, given a larger reflector and
increased light intensity in a lanp not requiring an excessive nunber of
dry cells.

Li ght-Hel i o Conbi nation - To conpact equipnment for the 1932 season,
and to obviate the necessity for frequent changes fromlight to helio,
and vi ce-versa, a najor nuisance on partially overcast days and al ways a
chance for eccentricity of signals on w ndy days when plunbing is diffi-
cult, it is planned to conbine the light andthe helio in the same box
(one very little larger than the present standard helio box). |If this
can be acconplished as desired, the conversion fromlight to heliowll be
a natter of seconds only, with no chance for the disturbance of the sig-
nal's centering.

Existing (bserving Structures - As an itemof interest indicating the
possibilities of economzing ontine and personnel, it may be rel ated
that, to date, no observing towers have been found necessary for carrying
through the New York Gty triangul ation. Existing structures have en-
abled line clearance even through the nost congested city districts -
apartnent houses, banks, bridges, cemetery chapels, chi meys, churches,
factories, flagpoles, grainelevators, hospitals, hotels, |ighthouses,
of fi ce buildings, post offices, radio nasts, railroad signal towers and
termnals, schools, statues, shot towers, and tanks all havi ng granted
the essential station and set-up facilities. Wth the many natural sig-
nal s afforded by the aforenentioned structures, only one signal exceeding
the standard eight-foot pole signal was required.

SET-UPS (ECCENTR C AND OTHERW SE)

Gty triangul ation apparently necessitates a greater variety of
theodolite set-ups than are the usual lot of a C& G S. observer, includ-
ing sone fewin |ocations so unstable that, at first inspection, they ap-
pear inpossible of usage. A record of New York Gty stations occupi ed
during the past season shows only 40%as originally offering excellent
set-up facilities. The remaining 60% though practically all suitable
set-ups for third order observing, does include a nunber of stations only
nmade sufficiently stable for satisfactory second order occupancy through
the use of special equiprment and precautions. A conparative list of 1931
set-ups mght be of interest to others encountering city triangul ation
for thefirst tinme:
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1) Stable Set-ups
15%- Firmground - normal tripod set-ups
11%- Concrete bases - "

7%- lron, lighthouse platforns - nornal tripod set-ups
7%- Parapet set-ups, sans tripod
40%

2) Set-ups Rendered Stable through Special Precautions

Sippery footing on stable structures
31%- Tar and gravel roofing, tar paper roofing
5%- Metal roofing
2% - Soft tar roofing
2% - Rubber conposition roofing
40%

Stations with Uisteble Locations
8% - Marsh

3% - Wooden buildings

1% ~ Reilroad £ill

1% - Crain elevators

1%

Qdd set-ups (not so stable)
4% - Tank and |ighthouse railings
1%- Tank platformfloors
1%- Church cross
1%- Bridges
7%

Speci al Precauti ons:

Lead Bl ocks - Roofing materials of all kinds were at first a major
cause of instrunent instability, permtting slip, particularly the tarred
roofing constituting one-third of the stations. As it was not desired
to cut through roofing to establish tripod | egs on the concrete roof it-
self, set-ups were, perforce, atop the former. Even during "bel ow freez-
i ng weat her”, when roof tar was of rock-1ike consistency, and using a
braced tripod, the instrument |evel could rarely be maintained for a
fifteen-mnute period. A first the snall "off-level” anmount was scarce-
Iy noticed, corrected after each position with the direction instrunent,
until it was noted that a hal f-day's observing had all owed the theodo-
lite to "walk" 1/2 inch off center. For a while thereafter, sand bags
(small noney bags of approxi mately 35# weight) were used to chock in the
tripod legs. On a few particularly slippery roofs a triangul ar wooden
frane was used in conbination with these wei ghts. These various make-
shifts aided materially, but were not wholly satisfactory. Not until the
use of |ead blocks were the roof set-ups rendered entirely stable. These
bl ocks - 55# each and approxinmately 7" x 9" x 2" in size - are laid flat
on the roofing surface and chocked if necessary to give a firmbase. The
tripod legs are then set directly atop the | ead bl ocks, a man's wei ght
securely sinking each | eg point in place on each bl ock. Set-ups of this
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type, prohibiting all tripod slip, have rendered all roof set-ups satis-
factory for second order accuracy. The sanme nethod is used satisfactor-
ily on thick tarred roofs and those covered w th rubber conposition -
the conbi ned weight of blocks and instrunent causing the blocks to sink
into the material to a stable footing with 1/2 hour.

Stands - Marsh and unstabl e wooden buil ding set-ups were all nade
to yield good results by use of the custonary support stands. Al marsh
stations (chiefly U.S. Engineer tie-ins) required both tripod and ob-
server's stands, also, while observing, a conplete |ack of noverent with-
in 20-30 feet of the instrunent. The few shaky wooden buil di ngs found
necessary for occupancy (old first order station tie-ins) required sim
ilar precautions. Woden buildings - liable to excessive vibration from
traveling cranes underneath - and anci ent churches - the towers shaken
by every passing vehicle - are not condusive to perfect results, but can
be occupi ed when necessary and made to produce second order accuracy.

Railroad Fill - Two stations, of necessity established on railroad
grades, were found quite satisfactory except with passing trains. Al -
though the fast trains passing on tracks only 5 feet distant would send
the instrunent level entirely "out", the jarring did not necessitate
any re-plunbing. Hence, the short periods required with a direction in-
strument permtted the obtaining of observations between the passage of

trains.

Gain Hevators - Two concrete grain elevators were utilized to ob-
tain line clearance and visibility scope over the Upper Bay. The sturdy
construction of both provided excellent set-ups except with the el eva-
tor nmachinery in nmotion (which was practically all times save Sundays).
However, it was found entirely feasible to observe with the machi nery
innotion, especially using a braced tripod to danp down the vibration.
By occupying these stations on days free of haze it was found quite
possible to obtain satisfactory results, extra care being taken with
the pointings on the vibration blurred signals.

Tanks, Lighthouses, etc. - Since this 5%of the stations was |im
ited as to occupancy, prohibiting nornal tripod set-ups because of ex-
trenely narrow platforns, railing stands seened indicated. Such con-
struction was avoi ded, however, by use of arailing set-up nethod in
vogue with the party of H E Finnegan. On the narrow circular platform
common to water tanks and a nunber of the smaller |ighthouses, the tri-
pod | egs are draped over the waist high rail - two within and chocked
agai nst the tank or cupol a base, the other lashed to a rail stanchion.
This set-up works equally well with two legs outside or with the tripod
draped over the rail and all leg points outside the platformrimwth
the legs firmy lashed to rail and stanchi ons.

H gh winds prevented, use of the ball-apex set-up recommended by W
H Bainbridge for steel water tank occupancy, in which a 7" theodolite
is firmy strapped to the large ball capping the conical tank's apex.
e day's observing, planned for this type occupancy, was al nost pro-
hibited by a prevailing 40-mle w nd which al so prevented a railing set-
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up until the observer thought to establish the theodolite directly on
the narrow pl atfom floor. A though the snake-like observing attitude
entailed is not recommended for any but slimand flexible observers,
this particularly unconfortable formof set-up can be nmade to yield
results - for, on this day of a 40-mle wind atop a 125-foot spider

l egged steel tank, 3 sets of 4 angles bach showed a naxi mumvari ance

of but 1.4 seconds. Slimobservers may avoid rail set-ups on sone

l'i ght houses by establishing the theodolite tripod in the cupola door-
way with one leg inside the cupola and two on the narrow platformwith-

out .

The 6-inch square top of a church cross furnished a set-up point
desirable as to height and instrunent support for getting a main schene
line into Janaica Bay. This same ridge line location required too much
tight rope ability, however, for a second observer visiting this station
at a later date to obtain intersection directions. He, prefering a nod-
i cum of personal safety, abandoned the skyline center set-up for a safer
eccentric |ocation nearby.

To get a main schene through the flat northerly section of Arthur
Kill necessitated a station atop the high and apparently stabl e Goethal s
Bridge. Authority granted and the station established on the concrete
si dewal k, occupancy was attenpted. Until then the springboard attri-
butes of the bridge flooring had not been fully realized. Wth the
heavy direction instrument and tripod in place on the sidewal k, it was
found inpossible to keep the tripod legs in their respective snall hol es
during the passing of solid tired heavy trucks. Only by diverting traf-
fic to the opposite side of the bridge, requiring all heavy vehicles to
pass at the slowest possible speed, and chocking in of the tripod | egs
with 100# sand bags (a 50# bag wei ghting down the tripod cross braces),
were satisfactory observations finally secured. This sane station al so
has characteristics rather peculiar to a second order main triangul ation
stationinthat it is not located on a fixed structure, as the centra
span of the bridge rolls freely with four expansion joints. However,
i nasmuch as this station was established at the apex of the arch of this
floating span, equidistant fromthe four expansion joints (tw on either
side), with series of expansion measurenents secured each day of station
occupancy (either with instrument or helio light) proving the daily ex-
pansion to be fromthe center and equal on either side of the center,
any doubt as to the station's lack of fixity was disnissed.

Eccentricities - Wth a decided distrust of abnormal eccentric set-
ups, the witer was delighted during a brief 1930 season by having 18
of 24 second order stations eccentric froml to 60 neters. O the
various things |earned concerning eccentric stations, the outstanding
know edge gai ned was a | oss of respect for their potentialities for
trouble. Regarding this mld boast there are offerred the average tri-
angl e closures obtai ned during 1930-31, when, with 42 eccentric stations
(many of which presented peculiar difficulties in the obtaining of cen-
ter directions and di stance), the main schenes (second order) nean was
| ess than 2 seconds and the suppl emental schenmes (third order) less than
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3 seconds, withno triangle closure exceeding 5 seconds. These figures
are fromthe original observations, uninproved by |ater reobservations
over certain weak directions. e-third of these stations were eccen-
tric in excess of 10 neters - three of the sane over a tape length -
with a maxi numeccentricity of 90 neters. This |ast naned di stance was
required totie inaline of 1915 triangul ation, one station of which
had becone partially obscured through the subsequent construction of a
railroad bridge and approach fill. Fortunately, with the station 40
feet below the elevation of the fill upon which the eccentric set-up
was necessary, it was found possible to obtain the eccentric distance
by observations fromthe extremties of two neasured bases - one al ong
the railroad grade and a chock base along the | evel ground at the sane
el evation as the station.

Nunerous ot her eccentric di stances not possible of direct measure
were al so obtai ned frommeasured bases - several to inaccessible flag-
pol es where accurate bases were |aid down al ong buil di ng parapets and
gun parapets - four to tall beacons, where close-in set-ups required the
use of an astronom cal eyepiece for the al nost vertical pointing to the
apexes (the eccentric distances as obtained from 2 separate bases check-
ed to 0.003 neters or less at all four stations). Judging fromthe tri-
angl e closures previously quoted there need be little fear concerning
the perpendicularity of |ighthouse structures. A dozen eccentric sta-
tions were used on lighthouse platforns, from10 to 30 feet below the
apex station, none of which permtted direct pointing or measurenent to
center, neither didthey permt the dropping of center with plunb |ine
or instrument. Some few of those had central pipes assuned to be dir-
ectly under the light cupola apex; the majority had round cupol as and
platforns, the tangents of which were assuned equidi stant fromthe center;
sone were blessed with 6, 8, and 10-sided cupol as and pl atf orns where
tangents were seldomfeasible. Were the stations were centrally |o-
cated but inaccessible to pointings, with tangent directions inpossible,
center directions on several circular platforned |ighthouses were ob-
tained as the neans of directions to equidistant points on the platform
rims. Qher center directions were obtained froma single tangent and
the neasured radius. A nost all such set-ups required pointings short
of the tel escope focus, where white string extended fromthe set-up
poi nt past cupola tangents often afforded excellent pointings; a yellow
pencil sometimes permtted sightings in dark areas; the open sights
nmount ed on the tel escope barrel of the new second order theodolite were
life savers for several extrenely close-up pointings, where, heretofore,
the only net hod of securing such directions woul d have been aligning the
tel escope by neans of a string stretched taut fromcantor mark to instru-
ment. (This nethod has been utilized with double the nunber of direc-
tions taken, but is not to be heartily endorsed for further usage).
Several eccentric set-ups on flat roofed towers, where the center was
easily accessible to neasurenent but hidden for pointings, required the
eccentric direction to be obtained froma direction to any measured
poi nt and the measured distances fromthis base to the center, conput-
ing the center direction fromthe 3 known sides of the triangle.
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A nunber of roof apex stations (spires, cupolas, etc.) necesitated
droppi ng of the center to set-up points on open towers below This was
usual |y acconpl i shed by intersections obtained fromtwo or nore ground
set-ups, and soon proved howlittle trust could be put in the vertical-
Iy of anmgjority of such structures and the absolute necessity for this
pl unbi ng even in supposedly symetrically structures if good second
order closures are desired.

Helio and Light Set-ups - Miuch lost tine in constructing helio
light stands to meet the varying clearances required at different sta-
tions indicated a need for adjustable tripod supports. Wthout doubt,
the sight of a stepladder helio support adopted by an i ngenuous oper a-
tor to clear a 5-foot bridge rail furnished the necessary initiative
for securing adequate support stands, for, admtting the stepl adder ac-
hieved its purpose nost adnmirably, as a survey instrunent it |ooked

like h---!

Heavy grade Eastnan canera tripods (extending to 5%feet, but fold-
ing very conpactly) were secured and adapted for survey use by substi -
tuting a 12" x 24" x 1" board for the original small round tripod head.
A 1%inch center hole was drilled for plunmbing, and all brass fittings
bl ackened to prevent sun glint. This tripod gave excellent satisfaction
t hroughout 1931, permtting ready establishment of light or helio to
nmeet the clearance needed for railroad tracks, marsh grass, |ighthouse
and tower railings, bridge railings, building parapets, etc. (Helios
nmust clear railings forned of closely spaced vertical menbers, even
though the existing gaps apparently afford clear passage for the helio
beam Helios shown through such railings do not get through to the ob-
server!) As adapted the tripods have been sufficiently stable, but are
bei ng rendered nore so by discarding the original 6-inch head-l1egs fit-
ting for brackets permtting the legs to be secured across the full
width of the 12-inch board.

Thinly tapered wooden wedges (of helio-box width), as a part of the
tripod equipnent, are handy for fine elevation adjustnents of the helio
or light. A 6-foot length of w de duck is furnished each helio-Iight
operator as a wind screen for plunbing.

Tapes - Reference tie-ins on city triangul ati on necessitate great
nunbers of neasurenents to vertical surfaces - building walls, light-
house cupol as, chimeys, etc. The ordinary steel tape with its zero
not at the end can not be satisfactorily used to obtain such measure-
ments. The necessary bending of this tape tends neither towards accuracy
nor long life for the tape. To supply the desirable zero-ended tape,
one (already broken short of the zero) is nowbeing fitted wtha ¥inch
hard netal sleeve, its zero end of |/8-inch thickness fitted with the
usual "U' shackle. This | oope nay be flipped back along the tape to
clear the zero for neasures to vertical surfaces, or, for normal neas-
ures, serve as the usual finger-hold when | ong distances require consid-
erable tension. This sleeve and shackle will not add to the fol ded com

pact ness of the original tape.
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Personally, | should like to see simlar tapes nade up and stocked
as standard C & G S. equiprment. Wth the heavy butt end of a stainless
hard metal the accuracy of the tape itself would not be inpaired by
wear inatape' s nornal lifetine; and, of first inportance, accurate
nmeasures are nmade possible with longer life for the tape.

I N GONCLUSI ON

These various"tricks of the trade" are the usual run of practices
devised and used by a C& G S. field party - devices to increase accu-
racy, to save tine and labor - to fit the particul ar project on hand.

It is realized that certain of these contrivances may have bean previous-
Iy used, but, if so, know edge of such had not conme to the witer (except
as nmentioned in the text). Any possible future-usage will be chiefly
with other city surveys of simlar scope. For the work on hand (Project
67) - the establishrment of adequate waterfront control over all the
wat erways of Greater New York and vicinity - these various practices
have proved decided factors towards successful acconplishrent.
FEEERFFHESAFFF LRSS
CARNEGLE | NSTI TUTI ON G- WASHI NGTON

Geophysi cal Laborat ory

Washi ngton, D. C
11 August, 1931.

Dear M. Deetz:

Many thanks for the copy of the new edition of your publication on
Projections (Doetz and Adans., S.P. No. 68, U S.C &G S.). As you know,
it gave nme much pleasure and profit to read the forner editions of the
book. | have been interested to read the newnaterial you have added
inthe last edition. | amaquite certain that your book has been of great
aid to nany students and has made clear to themthe essential features
of the different inportant projections and al so the principles on which
their construction is based.

I wish also to express ny indebtedness to you for putting me in
touch with M. Zeskind who acconplished the task | put up to hi mexceed-
ingly well. He took much interest in the work and produced a renarkably
fine chart. The new lunar projection chart will soon be in use at M.
W1l son where | hope in the next two nonths to conplete the first series
of phot ographi ¢ maps of the noon. The topographic maps w th 1, 000-f oot
or 500-foot contour lines over the central portion of the nmoon (45° out
fromthe center) wll take several seasons to conplete. | can work on
themonly two nonths each year.

Wth best regards, | am
Yours sincerely,

(Signed) Fred E. Wi ght
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TR ANGULATI ON EQU PMENT FCR MOUNTAI N WORK | N ALASKA

Extract fromreport of W M Scaife
H & G Engineer, U S.C&G Survey

The nature of the mountains on both the Taku and Stikine R vers was
such that when an observing party made the clinb it was essential that
they be prepared to renmain until the conpletion of observations. As the
observing parties usually consisted of an officer and three men (sonetinmes
two), and as instrumental and canp equi pnent and provisions for several
days had to be backpacked in a single trip, it was essential that every
i tem packed provide the greatest possible value for its weight. Wth the
outfit used for backpacking trips into the nountains, it was possible for
four nen to go to a station, packing instrunental, canp and ness equip-
nment, and food and all other necessary articles for staying out 10 days,
each man packing a total of approxinately 80 pounds.

The Nel son packboard, consisting of a canvas bag on a canvas covered
wooden franme, was used for all except the instrument packs. Special
" Sour dough" packboards were nade for packing the theodolites. Such a
packboard consists of canvas tightly stretched over a wooden frame on
whi ch the pack is secured. The tightly drawn canvas acts as a pad agai nst
the back. The theodolites were placed in parafined canvas bags and secur-
ed to the packboards with straps. The tents were of ballon silk, with
nosquito curtains under the flaps. For base canp, 10" x 12" wall tents,
and for nountain canps, 10' x 10' pyramdal tents, were used. A nmountain
tent wei ghed 13 pounds, and acconmodat ed four nmen confortably, furnishing
conpl ete protection fromrain and nosquitoes. Al pine stocks were used for
clinbing. These stocks served nmany useful purposes aside fromtheir pri-
mary purpose, such as uprights for w ndshields, extensionto unbrella, etc.
Two of theml ashed together served as the tent pole for a mountain tent.
Qdinary street unbrellas were used for sun shades, and the w ndshi el ds
were of balloon silk. It is believed that in several instances Al pine
stocks saved nen fromfatal falls. For bedding, each man was furnished a
sleeping bag filler of wool batting covered with sateen, an outside water-
proof bag of neta cloth, and a doubl e wool bl anket which could be sewed

into an additional bag.

oti mus kerosene stoves were used for cooking in canps above tinber
line. These stoves burn vaporized kerosene, wei gh 2-3/4 pounds, and a
gal l on canteen of kerosene furnishes fuel for thirty-two hours of steady
burning. Cooking for four men can be done very nicely on one stove. De-
hydrat ed foods were purchased fromSchwabacher Bros. & Conpany of Seattle
for use on nountain trips.

For transportation on the salt water inlets, Goast Survey Launch No.
67 was used and proved to be very satisfactory. A 32-foot shovel nose
pol i ng boat of shallow draft, borrowed fromthe A aska Road Commi ssi on,
proved ideal for river transportation. A 14 Seahorse Johnson out board
notor used on this boat was found to be very satisfactory. The Johnson
out board motor is highly recomrended for heavy duty on silt-laden waters.
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The equi pment was designed to give the greatest amount of confort
and utility for the weight which coul d be packed and fulfilled this pur-
pose adnmrably. No snall part of the success of the season was due to
the fact that the nmen coul d be reasonably confortable and well fed, even
when canpi ng above tinber line in bad weather with what they coul d pack
on their backs, thereby saving their strength and norale for the pinch
hitti ng which was often necessary. Light, concentrated equi pnent nade
it possible to operate two nountain observing parties on the Stikine
R ver at tines when two or three men were incapacitated for field work by

w enched knees and ankl es.
N 2O ) oo
FHAFAFASFFES ARG AF

HOWNOT TO DESCR BE A SURVEY
(Description of some |and conveyed in 1812 in the State of
Connecticut; copies fromProbate Court Record in Hartford, Conn., in 1905)

147 acres, 3 rods and 19 rods after deducti ng whatever swanp, water,
rock and road areas there may be included therein and all other |ands of
little or no value, the sane being part of said deceased s 1280 acre
col ony grant, and the portion hereby set off being known as near to and
on the other side of Bl ack (ak R dge bounded and described nore in par-
ticular as follows, to wit: GComrencing at a heap of stone about a
stone's throw froma certain small clunp of alders, near a brook running
down off froma rather high part of said ridge, thence by a straight
line to a certain marked white birch tree about two or three tines as
far froma jog in the fence going around a | edge nearby, thence by
another straight line in a different direction around said | edge and
the Geat Swanp so called, thence inline of said lot in part and in part
by anot her piece of fence which joins onto said |ine, and by an extension
of the general run of said fence to a heap of stone near a surface rock,
thence as aforesaid to the Horn, so called, and passing around the sane
as aforesaid, as far as the G eat Bend, so called, and fromthence to a
squarish sort of a jog in another fence and so on to a nmarked bl ack oak
tree with stones piled around it, thence by another straight line in
about a contrary direction and sonewhere about parallel with the line
around by the ledge and the Geat Swanp, to a stake and stone bounds
not far off fromthe old Indian Trail, thence by another straight |ine
on a course diagonally parallel or nearly so with Fox Holl ow run, so
called, to a certain narked red cedar tree out on a sandy sort of a plain
thence by another straight line in a different direction to a certain
mar ked yel |l ow oak tree on the off side of a knoll with a flat stone laid
against it, thence after turning around in another direction and by a
sloping straight line to a certain heap of stone which is by pacing just
eighteen rods and about [/2 rod nore fromthe stunp of the bi g hem ock
tree where Philo Blake killed the bear, thence to the corner begun at by
two straight lines of about equal |ength which are to be run in by sone
skilled and conpetent surveyor so as to include the area and acreage as

herei nbefore set forth.
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SHORT COUNTER- VEI GHT BUOY FOR USE | N SHOAL WATER

C A Egner, H &G Engr., and Ensign E. F. Hicks, Jr., Ad
U S (Opast and Geodetic Survey.

In the survey of Pollock R p Channel by the party on the NATQVA, C
A Egner, Commanding, it was necessary to establish at least three float-

ing signals.

The best |ocations for these signals showed a charted depth of from
twel ve to eighteen feet at nmean lowwater; hence it was necessary to use
a type of buoy with a short counter-weight. This elimnated the first
type described i n Special Publication No. 93, page 74.

Material at hand nade it inadvisable to use a buoy of the second
type al so described in the same section of that Special Publication, though
the one constructed was simlar in several respects. Car couplings were
not available in Nantucket, which is isolated fromrailroad facilities.

Four buoys of this type were planted and only one was |ost before
the work in that vicinity was conpleted. On this one, the cable between
the | eader buoy and the signal buoy gave way and only the signal buoy it-
self was lost. Three of these were placed in strong tide rips and one was
on a si xteen-foot shoal where breakers were seen at tines, yet it renain-
ed intact throughout the season.

Sone question has been brought up that the buoy woul d probably be
nore stable if the cable was fastened bel ow the druminstead of above;
there probably woul d be a greater stability, but no trouble with the
present method was encountered in a two knot current.

The chi ef advantage of this buoy is its use in shoal water, since
it extended only about five feet below the water line. Another desir
able feature is the snall storage space required for the conpl eted buoy,

where deck roomis limted.

The anchor shown has been in use for sone tinme, being originally
i ntroduced, | think, by Lieutenant-Commander F. S. Borden in 1925 while

on t he BACHE.

Five old autonobile tires serve the doubl e purpose of naking a con-
venient formand providing a "rubber uphol stered" outer surface which
facilitates handling on deck, injuring nothing with which it cones in
contact. These anchors will vary from600 to 1000 pounds dependi ng upon
the size of tires used. In no case has novenent of these anchors been
detected; it is believed they bury thensel ves readily in sandy bottom

Inthe present case, 2 fathons of light chain at the anchor and 5
fathons of steel cable to the | eader buoy were sufficient. A snal
swinging radi us, very inportant on this survey, resulted.
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BILL OF MATERIAL
BUOY

2 33wgallen oll drums
4 pleces 2" x 47 x 1lor.Qn
1 " ar x 4" x gro1on
4 " 1v x 4" x 2'-87
8 " ln x 4" X B'lmid™
10 " 1" x 10" x- 1t-g"
& bolts 3/4" x 30" thremded on both ends
1 " 3fan x 3or L4 " one end 2" eye on other end
4 yds. 30" black screen wire
2 1/2 yds. white signal cloth
Nails
Anchor ¢able, sheckles and swivels
Approximetely 2 bags cement
" 4 cubis ft. sand
] 8 L " gI‘S.V@l

ANCHCR

5 old sutomobile tires
1 3/4" rod bent as shown
Wire for reinforeing
Approximately 4 bags cement
- 8 oubie r£t..sand
" 1é " " gravel

LEADER BUOY

Z1aihoms light chain.

AFHE
ANCHOR. BAR

ANCHOR

SHORT COUNTERWEIGHT BUOY

FOR - USE IN SHOAL WATER
USED BY SHIP NATOMA 1931

GEG.S-4/9
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REPCRT ON ECHOMETRE

K T. Adans, H &G Engineer, US C &G Survey.

I n accordance with your orders of Novenber 4, 1931, | nade arrange-
ments with the agent of the Ge. Generale Transatlanti que of San
Francisco to jointheir S.S. CREGON at WImngton, California, and nake
passage fromthere to San Franci sco for observation of the operation of
the Echonetre. | therefore left San Franci sco Wdnesday eveni ng, Nov.
11, joining the CREGN at Termnal Island Thursday, Nov. 12, and sailing
at five PM, the CREGN arriving at San Franci sco Bay Fri day eveni ng
at nine P.M

The greatest cooperationwas shown by all officials and officers
of the French Line ingiving me full information and operating the in-
strument as nuch as desired by ne. Although the master and nost of the
of ficers of the CREQN spoke rather good English, the difficulty in
| anguage when discussing a scientific instrument was quite pronounced.
| therefore, in some mnor details, may not have been able to receive
full information.

On the passage fromLos Angel es to San Franci sco, the Echonetre was
operated for me fromthe dock at Termnal Island, past Point Fermn,
until at about 300 nmeters the instrument failed to record and the radio
operators started naking adjustments. They found sone resistance burn-
ed out and had to elimnate one stage of anplification for the renai nder
of the trip.

The Echonetre was operated for ne off Ana Capa |sland, again off
Point Conception, again off Point Sur and entering San Franci sco Bay
through the Golden Gate and up to an anchorage. | was rather disappoint-
ed innot being able to obtain nore observations at greater depths, but
the master of the OREGON and other officers insisted that they regularly
get soundings up to 600 nmeters. Thus it would appear that the recordi ng
devi ce has about the sane linitations as the fast speed on the Fatho-

nmet er.

In rendering this report no attenpt will be nade to give conplete
description of this instrument as such is obtainable in various publish-
ed panphl ets. The Echonetre was invented by two Frenchrmen, Langevin
and Florrison, and, as | understand, patented by them However, the
nmachine is manufactured by Marti, in a subsidiary of the French Steam
ship Line, this subsidiary being the Societe de Condensation et
d' Applications Mecani ques, of 42, Rue de AQichy, Paris (9°).

As conmpared wi th the Fathometer, the points of simlarity in con-
struction are that the instrunent consists of three parts:

(a) A sound producer and receiver

(b) An anplifier

(c) Atine measuring devi ce.
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The points of dissimlarity are:

(a) The sound producer and receiver are one unit instead of two as
inthe Fathometer, this unit being a quartz crystal which both emts
the sound wave and receives the echo.

(b) The wave enitted is of the order of 50,000 cycles and is ultra-
soni ¢ or inaudible.

(c) The tine neasuring device, in additionto giving a visual
record of the depth, gives a pernanent record on paper and this device
can be connected to a clock, making atine record.

(d) The recording device records one sounding inthree seconds in-
stead of four soundings per second as in the Fathoneter.

(e) In order to obtain a graphic record it is necessary to shift
the point of contact for each 200 neter change in depth.

The points of simlarity in operation are:

(a) Bectrical disturbances may cause strays.

(b) The pitching and rolling and vibration of the vessel are detri-
nental to good reception.

(c) Double and sonetimes triple echoes are obtai ned.

(d) I'n coomon with the Fathometer, no soundings are obtained dur-
ing t he backing of the vessel after the wash of the propeller is under
the sound producer and receiver.

Points of difference in operation are:

(a) No audi bl e sounds of any nature what soever can produce strays.

(b) A change of sensitivity or anplification does not change the
dept h.

In ny opinion and fromny limted inspection and observation, |
should list the follow ng points as being of advantage over the Fat ho-

et er:

(I) There are no pernmanent strays. Wiile the Echometre was in
operation in both shallow and deep water, | coul d not obtain anything
on the record which coul d be m staken for the sounding. As nentioned
above, electrical disturbances do produce strays, such as mght be
caused by a | oose connection or turning a switch on or off; but these
coul d not cause any confusion.

(3) Apernanent record is obtained. This is acconplished by a six-
inch strip of bank paper passing over a series of rollers at the rate
of about one neter per hour. This paper is snoked by a snall acetyl ene
flame just before it passes under a roller, whichroller nmakes the scale
on the paper. The sounding is obtained by an armwi th a stylus traveling
across the snoked paper, which stylus is disturbed both by the outgoing
sound and by the echo, giving arecordto be neasured simlar to our
chronograph tape record. As nentioned above, one sounding in three
seconds is obtained, the paper noving at such a rate of speed that about
thirty soundings in each linear inch of paper are obtained. This paper
then runs through a fixing bath which fixes the record permanently.

Bef ore going through this bath any notes whatsoever may be nade on the

paper .



6/8-Sy¥y

|
¢719u0< N

ik

fiiir
nm&%.

!

000'TI6€!T oTeos ejeurtxoxddy
10%-549 *BUoT  408-,07 98T
LaTTeA SUTIEWGNG JO SUTTINO

ST O

;

\

\

.ﬁ/
WV%/M%%

N,

\
\
3

R _.,..,.,.,. LY
01LD31Q

YN

A
M




-83-

(3) It can be readily seen fromthe above description that it
woul d not be necessary to have an officer reading the instrument con-
stantly, as at present with the Fathormeter. It is even possible that
it would not be necessary to scale of f the depths, except to put then
on the snooth sheet, and the paper records thensel ves could be sent in
as the final record. The fact that this could elimnate the necessity
of one additional officer on the bridge woul d nean that the instrunent
woul d soon pay for itself in saving of officers services.

(4) The principal advantage of all, tony mnd, is that it is not
possible for an ordinary sound to make any record on the instrunent.
This is the principal advantage of the super-sonic or ultra-sonic prin-

ci pl e.

(5) The manufacturer of the instrunent clainms that it is direction-
al to such an extent that slope corrections are never necessary. O

course, ny observations could not check this statement. | thought it
possible that if this were so the instrument woul d not work satisfac-
torily on steep slopes. However, | nmade a special effort to satisfy

nyself that it apparently worked as well over steep slopes as the Fatho-
nmet er does.

(6) There is an advantage in obtaining a direct measurement between
the initial and the echo. O the Fathometer the record fromthe out-
goi ng signal appears onthe dial variously fromthree to five fathons,
dependi ng upon the distance between the oscillator and the hydrophone,
and no direct neasuremrent between the two can be nade. n the Echo-
netres since the transmtter and receiver are one unit, the distance
between the initial and the echo is the direct neasurenent of the depth
fromthe quarts crystal to the bottom

(7) There is no error or distortion in any part of the scale, such
as is in the Fathometer fromO to 35 fathons, due to the necessity of
the hydrophone being pl aced sone di stance away fromthe oscillator.

(8) The operation of the Echonetre in shallowwater is very satis-
factory. Wile the Fathoneter on the GJ DE has given consistently good
results in shallow depths, it has been reported that other vessel s have
had consi derable trouble with depths bel ow 30 fathons. | saw the Echo-
nmetre on the WNNEPEG operating al ongside the dock in nine meters of
water and | saw the instrunent on the CREGON in quite shall ow water on
| eavi ng Los Angel es, and in entering San Francisco under way, and in all
cases the operation was very satisfactory. | tried especially in shallow
water to note any variations in depths due to increasing the anplifica-
tion, but could detect no change what soever.

(9) I have beentold that a snall nmodel of this instrument is avail -
able for fishing beats, and while no other information regarding this
nodel is available, the possibility of its use on our |aunches should be
i nvesti gat ed.
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The di sadvantages in operation of the Echometre are:

(1) The equi pment as at present installed is considerably nmore com
plicated than the Fathoneter.  course, this is partially due to the
apparatus for maki ng a permanent record, which the Fathometer |acks.
However, in spite of its apparent conplications, | have suspicions that
less troubl e in operation would be encountered than is encountered with
the Fathoneter. The equipment is very ruggedly constructed and t he
nasters of both the WNN PEG and CREGON report practically no trouble.

(2) I was told that in nmuch greater depths the recording device
fails there is a secondary nethod for obtaining soundings by ear. This
equi prrent ei ther was not on the CREGON or they did not know how to use
it and | could not get nuch of an explanation regarding it. However, |
feel reasonably sure that the supplenentary nmethod there is not as good
as the Fathoneter or sonic.

(3) ne rather serious disadvantage is the snallness of the scale.
O the Fathoneter we have 100 fat hons per revolution, the circunference
of our scal e being 25 inches, which gives a scale of four fathons to
the inch. On the Echometre one wi dth of the paper accommodat es about
200 neters in a linear distance of 4-7/8 inches. This makes a scal e of
about 2/11 of the Fathoneter's scale. You nust not suppose that the
soundi ngs on the Echometre can be read with only 2/I1 of the accuracy
of the Fat honeter, however, because, due to the positiveness of the mark,
these readi ngs can be scal ed very much closer than the red flash can be
read on the Fathoneter. M judgnent is that soundings can be scaled to
the nearest half notor, with a probable error of three-fourths of a
neter, but this is only after the record has been renoved fromthe in-
strument. During the period of operation it is necessary to estimate
between the ten neter marks whi ch probably could be done to the nearest
one and one-half neter only.

(4) Anot her serious disadvantage is that the present width of the
paper will only accommdate soundings up to a depth of 200 nmeters. The
i nstrument overcomes this deficiency by an arrangenent whereby the con-
tact for the outgoing signal can be mechanically advanced to 200 neter
intervals, thus the echo can always be made to appear on t he paper, but
above 200 nmeters there is no record of the initial or outgoing sound.
It appeared to me when this nechani cal change was nade that t he depths
after and before the change did not check very closely. However, this
i s a mechani cal operation which shoul d be absol utely accurate, and it
may be no real but an apparent discrepancy.

| understand fromvarious sources that the conpany manufacturing
t he Echometre makes a special instrunent for hydrographi c surveys and
| should consider it desirable to obtain, directly fromthe conpany in
Paris, all possible information regarding this instrunment, and al so the
smal | type used in fishing boats. | furthernore recomrend that at |east
one of these instruments be obtai ned by our bureau for test purposes in
conparison with the Fathometer, and with the possibility in mnd of com
bi ning the best features of the two methods, if that can be done.
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A GECK ON FATHOMETER SOUNDI NGS

T. J. Maher, H & G Engineer, US C &G Survey.

Conversation with |ieutenant-Comrander Adans and the captain of the
S.S. CGREQN convinces ne that investigations along the Iines of the
supersoni c are desirable, even with no other object in view than for
soundings. It appears to ne that the adoption of the Fathoreter narks
one of the great steps in hydrographic work; it also marks a change from
the direct, positive method to an indirect one wthout any checks on
t he soundi ngs except confidence in the accuracy of the work, which, how
ever, is well supported by check |ines and conpari sons with the direct
nmeasurenents. Anyone who has had experience with the instrument knows
that occasionally there have been erratic indications which are termed
"strays". Sonetimes these "strays" have been found to indicate pin-
nacl es. Reliance nust be placed on the judgnent of the observer for a
decision as to what these "strays" mean. The supersoni ¢ sounder oper -
ates on the sane basic principle as the Fathoneter, though in a field
of frequencies so far renoved that it would be extrenely unlikely for
the same set of electrical or mechani cal defects or disturbances to pro-
duce erratic readings in both instruments, and it mght be considered
as a different nethod.

It mght be desirable to have in each of our survey ships a super-
sonic instrument as well as a Fathoneter, both operating at the same
time while on the working grounds. It mght even be possible to have
two tubes on the same dial inthe recordi ng apparatus, one operating
fromt he supersonic receiver, the other through the Fathometer receiver.
This arrangerent, of course, rests on a determnation of whether the in-
duced field acconpanying the flash of one tube woul d cause the other to
flash and whether this coul d be avoi ded by shielding or by using tubes
of different voltages. |If this arrangensnt could be perfected, a flash
of one tube and not the other would indicate a "stray", while an erratic
flash fromboth tubes would be an indication that further investigation
was required.

From conversation wth Lieutenant-Comrander Adans and the captain
of the SS. OREGON | believe that only a slight mechani cal change is nec-
essary to permt a ready and accurate change in the recordi ng device for
depths of over 300 meters. |t appears to ne that the nost inportant
hydrographic work lies within the 10-fathomcurve, while that between the
10 and 100-fathomcurve is far nore inportant fromthe commercial stand-
point, at the present tine, than any work in greater depths, andit is
Wthin those limts that every precaution should be taken to secure the
nost accurate soundings; it would therefore be desirable to have a check
on all indirect measurenents of depths.

The audi bl e signal produced by the Fathoreter is preferable, as the
navi gator knows that his apparatus is working, though his attention may
be fixed el sewhere. The visible, red flash is superior to any recordi ng
apparatus, as at night the navigator can ascertain the depth w thout be-
ing tenporarily blinded by the illum nation necessary for reading a record.
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The recording apparatus is sinply a nechanical detail and shoul d
have no bearing on tests of the instrunent. The main point for deter-
m nati on bei ng whet her the two types are sufficiently different to serve
as i ndependent checks, one on the other, and if each type is or is not
affected by the sane adverse factors.

To mai ntain the high position which we hold in hydrographi c work,
t he val ue of any new et hod, whi ch has passed t he experimental stage,
shoul d be tested, particularly when it has received the endorsenent of
t he Hydrographi ¢ Departrment of another nation; also that of the Merchant

Mari ne.
EXTRACTS FROM "THE NEED FOR SPEECH TRAI N NG FOR ENG NEERS'

By J. W Parker
The Journal of Engineering Education, Novenber, 1931

"If there is no natural |aw that decrees that an engi neer shall be
i ncapabl e of expressing his thoughts in public, to his fellow profes-
sionals or to associates in the larger commnity in which he is Iiving,
one is at least tenpted to think there is. Long years experience with
engi neering reports, nmade in witing with graphs - oh nany graphs - and
tabl es and drawi ngs, or nade verbally before even snall groups, calls
to mind many a good story spoiled in the telling and nuch good engi neer-
ing data m shandl ed through poor presentation. And there were highly
trai ned, conpetent engineers suffering froma lack of training in sys-
tematic thinking and |ogical presentation of the work they had done.
Every engi neering executive, every engineer of matured experience, knows
t hese things and knows they shoul d not be.

"If the student in college appears indifferent, it is not the result
of a mistaken contenpt for such acconplishnents. It is rather that he
gives his chief attention to what appear to himto be the nost practical
courses offered him because it is on these practicabilities that he
finds chief enphasis placed. |If he believes that it is in the applied
science courses that his principal interest lies, '"there will his heart
be also'. If the trouble arises fromhis too tardy realization of the
val ues of things, was it not the part of a sound education to forewarn
him to conpensate for his own | ack of experience?

"The difficulty runs deeper than a mere lack of facility with
spoken words. It is rather an indication of a nore fundamental fault
in the very backbone of his education. Nor does it appear that just
training in English conposition and in debating supplies the entire
renmedy. The fundamental teaching policy of the college is involved."
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NEW SYSTEM OF GONDUCTI NG MAGNETI C SURVEY

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

Prior to 1889 the magnetic data of the United States consisted of
scattered observations taken chiefly along the coasts. Since that tine
t he naki ng of observati ons has been systemati zed so that, at present,
there is a magnetic station in practically every county seat in the coun-
try. These "stations are reoccupied at intervals of five years to deter-
m ne the changes in direction and strength of the earth's nagnetic field.

The reason for selecting a point at the county seat for a magnetic
station was principally froma viewoint of giving good distribution,
but al so because, in many cases, the local |aws for maki ng conpass sur-
veys specified the standardizing of the surveyor's conpass at the county
seat .

However, due to the changing conditions and growth at these centers
of popul ation, the magnetic station frequently becormes usel ess, through
bei ng surrounded by such disturbing agencies as steel buildings, direct
current car lines, and autonobile dunps. This causes frequent renewals
of such stati ons.

Wth the nodern nethods of transportation and good roads there is no
particular objection to locating stations at sone distance fromthese

towns, as they will still be quite available. This at once increases the
per manence of the point and the magnetic conditions are likely to be
superior. It also becomes apparent that such a systemof points is be-

comng available in our first order triangulation nets, which ultinately
are to be so spaced that no point in the country will be nore than 50
mles froma precisely determned triangulation station. Furthernore,
the nmodern first order work requires the placing of an azinuth nark at a
di stance of approxinmately Y3 mle fromthe station nmark. By furnishing
a well narked station with latitude, longitude, and azinuth, the trian-
gul ation station acconplishes half of the magnetic observer's work and
makes his progress nore rapid, as he is not dependent on cl ear weat her.
By adding magnetic infornation, the triangul ation station becones nore
valuable to the local engineer as he at once has all necessary infornation
inthe one point, namely, position, azinuth and conpass variation. By
furni shing recovery notes at regular intervals, this systemhelps to keep
the triangulation station record up-to-date.

The new system therefore, is to followalong any given net of tri-
angul ati on stations, observing declination approximately every 50 mles
and maki ng conpl ete magnetic observations at the triangul ation station
which is closest to the former county seat station.

It is, of course, not expected that the triangulation stations will
in every case survive, but it is thought that by proper selection of
stations, the present nortality of magnetic stations can be greatly re-
duced and the new work acconplished with greater econony.
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DETERM NATION CF VELAO TY GF SGUD IN
SEA WATER | N CAPE COD BAY

| . TEST LI NE FI XED FROM SHORE CBJECTS
G D Cowie, H &G Engineer, US C &G Survey.

The vel ocity of sound in sea water was determned in Cape Cod Bay
the latter part of Septenber, 1930, by the foll ow ng nethod: Gne ship,
t he OCEANOERAPHER fired the bonbs while cruising near the eastern shore
of Cape Cod Bay. She deternined her position by sextant fixes ontri-
angul ation stations on shore each tinme a bonb was fired. The observers
took their angles over the spot where the bonb was dropped. The ot her
ship, the LYDONLA acted as hydrophone station, while anchored near the
western shore of Cape Cod Bay. She determined her position by sextant
fixes on triangulation stations on shore each time she received a bonb.
The position of the hydrophone was determned, each bonb, by nmeasured
angl es and di stances fromthe spot on the ship where sextant angl es were
taken to the magnet ophone.

The QOCEANOGRAPHER plotted the position of the bonbs on a 20, 000
scal e projection, constructed on an al um numsheet and a point, "A', was
assunmed near the average position of the bonbs. The LYDON A conput ed
the positions of the hydrophone and a point, "B", was assuned near the
average position. The distance between points "A'" and "B' was conput ed.
The conponent of the difference between each position and the assured
position "A' or "B" along the line between "A' and "B" was determ ned
and added or subtracted to the line "A'-"B" for each bonbed di stance.
Each distance divided by the el apsed time in seconds gave the velocity
per second. The average of all good val ues was 1474.6 neters per second.

Tenperatures and salinities were measured at both ends of the line
and averaged. Using the nmean tenperatures and salinities, the theoreti-
cal bottomvelocity is 1481.7 nmeters per second. This is 7.1 neters per
second greater than the test velocity.

Wsing the means of tenperatures and salinities at each end of the
i ne, however, does not take into consideration the fact that the tem
peratures are lower in the deeper water between the two ships. During
the tests taken in the fall of 1951 along the sane |ine, tenperatures
and salinities were taken all along the line while the tests were in
progress. The tenperatures at the ends of the lines were about the sanme
as those of the year previous. An average of all the tenperatures al ong
the line gave a tenperature 2. 6°C. lower than the neans of the tenpera-
tures at the ends of the lines. Applying a correction of -1.73° C, de-
termned by using a bottomtenperature curve averaged fromthe 1931
curves, to the means of the tenperatures at the ends of the line for the
1930 test gives a theoretical bottomvelocity of 1475.0 meters per sec-
ond. This is 0.4 neters greater than the test velocity.
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1. WRE BASE TEST LI KE
T. B. Reed, H & G Engineer, US C &G Survey.

The purpose of the test was to establish data fop t he deternination
of a velocity of sound to be used on Georges Bank during the present
field season and to enhance the experinental data on the speed of sound
through sea water by a conparison between actual and theoretical veloci-
ties.

The test was nade May 31, 1931, in Massachusetts Bay of f Province-
town on the course shown on the attached sket ch.

Since this is thought to be the first successful determnation of
the velocity of sound by the above nmethod, a detailed description of the
net hods enpl oyed wi Il be given:

The LYDONI A have to, heading directly into the wind and having the
end of the piano wire fromthe soundi ng machi ne of the OCEANOGRAPHER
attached to their bowby a spring, and drifting their nagnetophone
astern at a constant distance on a float.

The OCEANOGRAPHER steaned directly into the wind at a speed of about
six knots paying out the piano wire fromthe soundi ng nmachi ne over a reg-
i stering sheave. Tension on the wire was kept constant at about 50 | bs.
by wat ching the marks on an accunul ator spring set horizontally at the
forward end of the sounding been and applying the brake of the sounding
nmachi ne accordingly.

The OCEANOGRAPHER was kept on the sane course, 226° true, during
the entire run. Bearings taken on the LYDON A at each bonb were con-
sistently 180° off the bow, showi ng that the ship was not set to either
side of her course by wind or current during the run.

Al'l borbs were thrown overboard fromthe sane position at the rail
of the quarter deck, and at as near as possible the same di stance and
direction fromthe ship, and the registering sheave was road at exactly
the instant each bonb hit the water. Since the fuse interval was nearly
the same for all bonbs, it was assuned that the effect of the current
on thembefore their expl osi on woul d be the sane for all bonbs.

Fromprevi ous experinents on the LYDONA it was determned that
bonbs of this type sink about 5-1/2 feet per second. This would give an
average depth of explosion of all bonbs at about 10 fat hons.

To elimnate all uncertain corrections such as the scope of the mag-
net ophone of the LYDONIA, etc., it was not intended to use the portion
of the wire fromthe LYDONAto the first bonb and no attenpt was nmade
to measure this distance. It was intended that the conputations be made
froma conbi nation of differences between bonbs and it was assuned that
the magnet ophone floated at the sane distance fromthe LYDON A duri ng
t he bonbi ng.
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Thirty bonbs were fired at intervals of about two and a half min-
utes along the line. The first four bonbs did not go through, were not
nunbered end were omtted fromthe conputations. Al bonbs were hal f
pi nts. Bonbs were nunbered consecutively from1l to 35 and the nunbers
in the bonb record correspond with nunbers used in the computations.
Borb No. 12 was onitted as there was no sheave reading on it. Abstract
of bonbs, tinmes and sheave readings is given bel ow

A nean of the accepted velocity deterninations fromthe test gives
1476.5 neters per second. The theoretical bottomvelocity is 1476.1
neters per second, or 0.4 neters less than the test velocity.

CONCLUSI ONS: The fol | owi ng concl usi ons mght be mentioned as derived
fromthe foregoing test:

1. It is a conparatively sinple method of making velocity tests in
renmote localities where the visual fix method is not possible.

2. This method mght easily be enployed by one vessel using a | aunch
equi ppedwith a portable R AR set as one end of the base.

3. It is believed that, under good conditions, the wire could be
laid out and recoveredwi thout | oss.

4. This method is not dependent upon good visibility for seeing
shore signal s.

5. It is felt that the nmean of a |arge nunber of bonb differences,
even though taken over a short base, WII| be nore accurate than a few
bonbs over a |onger base whi ch depends upon sextant angles and graphic
plotting for its determnation.

6. The | arge nunber of rejections of bonbs during this test was
probably due to the fact that this was the first RAR work of the
season for the two ships.

7. Theresults of this test seemto be further evidence supporting
the theory that the sound wave travels at a rate corresponding to the
theoretical velocity of the mean bottomtenperature.

ABSTRACT G- BOWVBS, Tl MES AND SHEAVE READI NGS
Bonb 60th Bonb Sheave Fuse Bonb 60t h Bonb Sheave Fuse

No. neridian time Reading Interval No. neridian tine Reading Interval
tinme Fathons  secs. tine Fat homs secs.

1 15-11-30 1.26 1026 20 7 15-25-09 2.96 2393 15
3 15-13-10 1.47 1208 20 8 15-26-33 3.15 3530 22
3 15-14-24 1.69 1338 21 9 15-28-16 3.54 2674 19
4 15-17-17 2.00 1618 18 10 15-30-04 3.61 2826 19
5 15-18-33 2.32 1753 19 11 15-32-45 3.56 3144 18
6 15-23-04 2.72 2189 19 12 15-34-00 4.70 R 20
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Bonb  60th Bonb Sheave Fuse Bonb  60th Bonb Sheave ~ Fuse
No. neridian tine Beading Interval No. neridian tine Reading Interval

time Fat horrs secs. tinme Fat hons  secs.
13 15-36-06 4,29 3488 18 20 15-52-55 6.40 5161 22
14 15-41-27 4.96 4033 18 21 15-54-44 6.63 5332 18
15 15-43-30 5.26 4237 21 22 15-56-40 6.83 5515 17
16 15-45-17 5.46 4417 18 23 15-59-29 7.03 5681 13
17 15-47-12 5.70 4607 21 24 16-04-06 7.69 6217 15

18 15-19-14 5.94 4804 25 25 16-07-09 8.06 6505 20
19 15-51-00 6.03 4976 18

Sheave read by TBR Tapes scal ed by CAB
Chr onogr aph operated by CAB Scal i ng checked by TBR

i A A A i

EXTRACTS FROM REPCRTS ON HYDROGRAPH C SHEETS

. Sheet H 4993 - Point Reyes to Havens Anchorage, Calif. - F. B. T.
Si ens, Commandi ng Shi p D SCOVERER - Fat honeter Soundi ngs and R A R
Control - Reviewed by A. L. Shalowitz.

"In concluding this report it should be stated that this sheet is
perhaps one of the finest specinens of work executed by the new net hods
that has cone to the attention of the witer. Wth lines running 70 to
80 mles offshore and in depths well over 2000 fathons, the sheet pre-
sents the appearance of a well planned and orderly survey such as woul d
be expected when operating close to shore. That a tremendous step for-
ward has been made in adopting the acoustic method of surveying is al nost
axiomatic at this late date, neverthel ess 2100 statute mles of soundi ngs
(consisting of 6600 soundings) in 26 days in depths ranging from20 to
2100 fathonms and conprising an area over 3000 square nautical mles,
including a large scal e devel opment of an inportant offshore tank, is
still an enviable record which should not pass unnoticed. The Chief of
Party is to be highly commended for the splendid results obtained. "

Il. Sheet H5037 - Gardner Pinnacles, Hawaiian Islands - K T.
Adans, Commanding Ship QU DE - Fathoneter soundi ngs and buoy control
(sun azimuths and full speed double run distances) - Reviewed by E P.
Ellis.

"This sheet is a very fine exanple of two phases of hydrographic
surveying: First, the excellent results obtained by the nodern buoy
control system second, the consistent results obtained by the fatho-
nmeter in depths of 15 to 25 fathons."
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PROGRESS ON THE WEST COAST

(Prepared in the D vision of Hydrography and Topogr aphy)

|. PACFIC COAST: The QU DE, Lieutenant-Commander K. T. Adans, Com
mandi ng, continui ng operations on the Washi ngton coast, has conpl eted
the outer coast surveys of that state by extending work northward to the
U S. Canada "boundary and of fshore to the 1000-fathomcurve. The de-
tail ed devel opnent of the banks, shoals and submarine valleys in this
region, as well as the exceptionally |ong distance of the 1000-fat hom
curve fromthe coast, required that radi o acoustic rangi ng shore stations
be pl aced on Vancouver Island, permission for the establishnent of which
was granted by the Canadi an Gover nrent.

The configuration of the bottomw th its characteristic depth var-
iations was found to be well adapted for fixing a ship's position from
soundi ngs. Wen the results of the surveys are applied to the charts,
shi ppi ng bound for Juan de Fuca Strait should have little difficulty in
"maki ng" this inportant waterway even in the thickest of fogs, partic-
ularly if equi pped with echo soundi ng appar at us.

In connection with this project a second order schene of triangu-
lation was carried fromthe entrance to Juan de Fuca Strait westward to
Barkl ey Sound on Vancouver |sland where it connects with the Canadi an
Geodetic Survey schenme across Vancouver Island. This will be usedin
the adjustrment of the triangul ation through Juan de Fuce Strait and
along the Aynphic Peninsula. A so in connection with this project, a
speci al investigation of the nature of the bottomon Swiftsure Bank was
made for the U S Lighthouse Service in an endeavor to find better
hol ding ground for the |ightship stationed there. Qurrent observations,
each of 52 hours' duration, were nmade at two stations in the center of
the channel in Juan de Fuca Strait. As the station in the entrance was
in a depth of over one hundred fathons, the observations were nade from
the ship's launches with the QJ DE standing by and sounding fog signals
during the greater part of the series.

A shore party in charge of Lieutenant G C Jones operating in the
southern part of San Franci sco Bay conpl eted new surveys to the head of
navi gati on. The topography on this project will be obtained fromair
phot ogr aphs nmade for the Bureau by the Arny Air Corps with the new five
lens canera. So nuch triangulation is available in this area that it
wi |l furnish an ideal proving ground for the new canera. The val ue of
the fifth chanber toward increasing the accuracy of the plotting will be
determned as well as the suitability of the canera for napping on the
1:10,000 scale to be used. Prelinmnary plots indicate that a considerable
increase in accuracy of plot is possible w th photographs fromthe new
carrer a.

d oser devel opnent than is usual of the extensive flats on each side
of the mai n channel was made for the purpose of determning by conparison



BEFORE AND AFTER COMPLETION OF MODERN HYDROGRAPHIC SURVEYS
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with the previous surveys the rate of silting that is taking place in
the bay. This information is especially desired at this time in connec-
tionwith San Francisco's salt water barrier problem

A launch party in charge of Lieutenant (j.g.) L. C Johnson operat -
ing on the outer coast of California extended new topographic and in-
shore hydrographi c surveys southward to Point Reyes. These included re-
surveys of Bodega and Tonal es Bays. This work, together with a snall
project inthe same locality, which the QUDE is now engaged upon, will
conpl ete the surveys necessary to furnish field data for the construc-
tion of nmodern charts of the outer coast fromthe Canadi an border south-
ward to the southern approaches to San Franci sco Bay. Continuation of
the field work southward will be taken up in 1332 by the party on the
QUDE Inanticipation of this, a second order scheme of coastal trian-
gul ation has recently been carried to Monterey Bay by a shore party in
charge of Lieutenant C D Meaney and will be continued fromthere in
advance of other operations.

I1. ALASKA: The work acconplished i n Sout hwest Al aska during the
1931 season is given in a separate article inthis issue of the bulletin.

I n Sout heast Al aska, the EXPLCRER continuing the survey of Behm
Canal, the northern armof which was conpl eted in 1930, extended work
down the southern arm practically conpleting the project. Detailed sur-
veys of the many tributaries, sone of which are frequented by excursion
boat s because of the scenic beauty of this region, were included in the
project. A dangerous rook was found i n Shoal water Pass. Magnetic ob-
servations nade in connection with the surveys reveal ed consi derabl e
local attractionin that locality.

I11. HAWAI 1 AN | SLANDS: The PIONEER conti nui ng the extensive proj-
ect of surveyingthe chain of reefs, shoals and islets which extend 1100
mles westward fromthe main group of islands to Mdway Island, carried
the project to and including the survey of the plateau around Lisianski
Island. The work is now several days' run fromHonol ulu, the base for
supplies. Advantage is taken of therun to and fromthe working ground -
once a nonth - to sound the deep water areas adjacent to the chain. For
this class of work, sounding |lines are spaced 10 mles apart as the
depths are over 2,000 fathons.

[V. PHLIPPINE | SLANDS: The PATHFI NDER FATHOMER and NAR NDUQLE,
the latter two owied by the Philippi ne Government, continued operations
on the north and east coasts of Luzon Island, on the west coast of
Pal awan Island, and in the Sulu Archipelago. As aresult of the now
boundary treaty, considerable nore areawill have to be surveyed in the
Sulu Sea. For this reason, the party on the MARI NDUQUE i s extending
triangulation to the Bornco coast just off of which the new boundary
li ne passes.
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THE 1931 SEASON I N SOUTHWEST ALASKA

I. The SURVEYCR, F. B. T. Siens, Commandi ng.

The SURVEYCR continuing on the extensive project which calls for
conplete charting of the coast of Kodiak Island on a conparatively |arge
scal e, extended work al ong the sout hwest coast fromSi tkinak Strait
eastward to a junction wth previously conpleted surveys in S tkalidak
Strait. This included detailed surveys of Three Saints, Shearwater and
several other bays. (See acconpanying plate). The season's acconplish-
nment furnishes data for charting the greater portion of the areas em
braced by new charts Nos. 8536 and 8537, scal e 1:80, 000.

Al batross Bank near the edge of the continental shelf roughly paral -
lels the southeast coast of Kodiak Island and is about forty mles off-
shore. There are depths of 15 fathons on the bank, and irregul ar areas
of 30 to 100 fat homs between the bank and Kodi ak I sl and.

The party on the SURVEYCR was equipped to use RA R control for
the hydrography of the area described above. However, extension of the
mai n schenme triangul ation fromthe south end of Kodiak Island to a de-
tached schene in Sitkalidak Strait and overland extensions of the latter
schene to the outer coast of Stkalidak Island were not conpleted until
near the end of the season. This nmade it inpossible to locate the RAR
station that woul d have been required on the northeast end of the work

during the season.

Extended cl ear spells of weather in southwest A aska usually occur
during May and June and fromthe m ddl e of August to the end of the
season. During the intervening period, it is generally msty. The 1931
season off Kodi ak was marked by considerabl e haze, particularly during
the latter part of the season when northwest w nds would fill the atnos-
phere with vol canic dust fromthe Katmai volcano region. The clear
weat her during May and June was used in extendi ng of fshore hydrography
al ong the southwest part of Kodiak Island, where peaks had been | ocated

i n previous years.

The of fshore hydrography al ong the southeast coast of Kodiak Island
has been extended to A batross Bank on the southeast end of this work
and about mdway to the bank fromSitkalidak Island. Having the peaks
located in this region, it is probable that the renaining offshore
hydr ography can be conpleted at the begi nning of next season by visual
fixes. (dosely spaced sounding lines being required in this irregular
bottom the necessary degree of accuracy can probably be obtained only
by visual fixes. Interference in transmssion of sound by intervening
shoals will very likely be encountered to a great extent.

Three schenes of triangulation were carried overland al ong di vi des
on Sitkalidak Island to termnate on the outer coast for control. A
schere following the outer coast was inpracticable. A theodolite trav-
erse was run on the outer coast between two triangul ation stations about
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six mles apart. The distances between traverse stations were derived
frommeasured of fsets and di stance angles. Beginning with the instrument
nmounted on one triangul ation station, the forward traverse station was
sel ected, an offset station was established in direction nornal to the
direction to the forward station, its distance fromthe occupied station
was neasured by tape (the offset distances were in the nei ghborhood of
30 neters), and the angle to carry azinuth forward was nmeasured. The
sane procedure followed in occupyi ng subsequent traverse stations, but
inaddition thereto, the distance angle between the back station and its
of fset station was neasured. A discrepancy of four nmeters in position
resulted in carrying the traverse to the second triangul ati on station.

To obtain the inclination correction to the neasured offset dis-
tance, the difference in elevation between a traverse station and its
of fset station was determned by bringing the eye in the plane of one
station and the visible horizon and noting the el evation of the other
station above or bel ow the plane on a graduated pole. Wth nornal off-
sets, the log distance between traverse stations is sinply the differ-
ence between | og offset distance and the | og tangent of the distance

angl e.

—— ) e O emmm O e O wmew

1. The DISCOVERER H. B. Canpbel I, Gomrandi ng
The WESTDAHL, L. D. G aham GComrandi ng

The D SCOVERER and WESTDAHL, continuing on the project along the
south side of the Kenai Peninsula, extended surveys westward to a junc-
tion with previously conpleted work in the vicinity of Chugach |slands
and across the Strait to Shuyak Island. The season's work furnished the
field data necessary for the construction of proposed chart No. 8532,
scal e 1:80,000. Detailed surveys of Port D ck and Wndy Bay, the area
around the Barren Islands and of the north coast of Shuyak |sland were
included in the project. (See acconpanying plate).

Second order triangulation was carried fromthe south end of Kenai
Peni nsul a to Afognak |sland. Several supplenental schemes were observed
and a large nunmber of intersection points determned. The control is in
very good condition for going ahead next season.

The party conpleted 297 niles of shoreline topography. A conpara-
tive field test of topographic sheets was nade in the Barren |sl ands.
e of ficer surveyed Ushagat |sland using standard What man paper, while
at the sane tine another officer surveyed Amatuli Island using the new
al um numnount ed paper. D stances between fixed points on the sheets
were scaled daily. The al um numnounted sheet was found to remain con-
stant. Full report on the test will be given |ater.

The party ran 8206 mles of sounding lines. Both ship and | aunch
work required unusual ly cl ose spacing of |ines because of the very ir-
regul ar bottomand foul ground in this locality. Numerous dangers to
navi gati on were found while several reported dangers in the Strait were
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cleared up. The bays on the portion of Shuyak Island surveyed during the
course of the season were all found to be foul and coul d not be entered

with the ship.

Tidal observations were made at five stations and nmagneti c observa-
tions at eight stations. bservations at a current station east of
B i zabeth Island showed the maxi numcurrent on spring tides to be 3.6

knot s.

O the whole, it was a good season - an unusual season in many
respects chiefly because of the inportance of the straits, previous
sounding in the region and the many evidences of pinnacle rock fornation.
The weat her was probably better than usual. A congenial and wlling
conpl enent contributed nuch toward the success of the season.

Nort h Shuyak is good ptarmgan country. There are also two good
trout streans on Shuyak. ne canp party caught nore than 4,000 "rain-
bows" in one creek. The record "rai nbow' this season, measuring 30
i nches "overall", was gotten by Lieutenant Bean. Menbers of the crew
killed a bear near Red Fox Bay. The crew of the WESTDAHL got anot her

one north of Rocky Bay.
A A I A

THE ECHO SOUNDI NG RECCRDI NG (GEAR

V. H Robi nson
Nauti cal Magazi ne, Decenber, 1931.

The addition by Messrs. Henry Hughes & Son, Ltd., of a recording
apparatus to their well-known British Admralty echo sounder has mnarked
the greatest step forward in the history of sea-sounding since the in-
troduction of the echo sounder itself.

¥ % % & ¥ K %k

The echo sounder is no longer a luxury; it is a necessity. Here

we have a newline of position, ready at hand in all weathers, at the

turn of a swtch.
% % %k R %k ok %

ITIS OLY A MATTER CF TI ME, BEFCRE EVERY SH P WLL LEAVE THE
BU LDER S YARD | NSTALLED W TH A RECCRDER ECHO SOUNDER AS A NMATTER OF
COURSE. THE PGSSIBI LI TIES | T PRESENTS FCR | NCREASED SAFETY AT SEA ARE
TGO GREAT FOR I TS UN VERSAL ADCPTI CN TO BE LONG DELAYED.  SURVEY SHI PS
WLL, BY ITS MEANS, BE ABLE TO COVER MORE GROUND W TH GREATER ACCURACY.
TRAVELERS VELL FIND | T | NDI SPENSABLE.

EQU PPED W TH TH S | NSTRUMENT AND A DI RECTI ON FI NDER, NO SH P-
MASTER NEED BE LONG | N DOUBT AS TOH S PCSI TI O\, AND SLEEPLESS N GHTS -
EVEN | F THEY DO NOT BECOME A TH NG OF THE PAST - WLL AT LEAST BECOVE

LESS FREQUENT.
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NOTES ON FATHOMETER CPERATI ON

(1) F. B. T. Siens, Commandi ng Shi p SURVEYCR

(The Fathoneter on the SURVEYCR has given excellent results and
practically no time has been | ost on account of failure to operate sat-
isfactorily. There are Forwarded herew th notes concerning the opera-
tion of the Fathometer, F. B. T. Siens, Commandi ng)

Fluctuation of the Fathoneter neon flash has been materially re-
duced by using a low oscillator frequency and certain Conbi nations of
settings enbracing the el ements of hydrophone current, bias of anplify-
ing tubes and oscillator voltage.

It has been found that a frequency considerably | ower than the
Fat homet er standard frequency of 550 cycles produces a steadier flash
than obtai ned by the standard frequency with any conbi nati on of the other
elenents. This is very noticeable in depths of ten to twenty fathons.

If the oscillator diaphragmis designed to have a natural period in
resonance with the electrical inpulse of 550 cycles, it would appear that
the signal will build up its intensity during the duration of the im
pul se. The duration of inpulse corresponds to a length of signal mneas-
ured in depth gradations along the Fathoneter dial (about 2% fathons was
found to be a satisfactory length of signal). It is the beginning of the
signal that should register; however, w th a weak hydrophone current, an
intensified part rather than the beginning of the signal would apparently
be detected. This can be denonstrated in shoal areas of uniformbottom
Wth the standard frequency the m ni numhydrophone current, at which the
neon tube can be nade to flash, will indicate a soundi ng deeper than that
registered by a greater current and, as the current is increased within
a certain range, the registered sounding is gradually decreased. This
tendency is greatly nodified by using a | ow frequency. The current then
necessary for registering is confined to a snmaller range and the weaker
hydr ophone currents will not detect signals as before. It is considered
that with lowfrequency the signal is of nore or less uniformintensity
throughout its duration since it is not in resonance wth the inpulse;

t he begi nning of the signal woul d therefore be detected, except that
there is also atendency for the end of the signal to register.

An arbitrary scale graduated O to 100 for resistances controlling
the bias of the anplifying tubes was used, "100" representing hi gh nega-
tive potential and "0" |ow negative potential of the grids of the anpli-
fying tubes. The following table gives the settings for bias for var-

i ous depths that caused |east fluctuation of the neon flash:

DEPTH (fns.)  BIAS DEPTH (fns.) BIAS
10 to 20 100- 90 35 to 50 60- 40
20 to 25 90- 85 50 to 70 40- 30

25 to 55 85-60 70 to 100 30-0
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Gscillator voltages used for shoal depths were sonewhat |ess than
those used for deeper depths. Not having a voltneter, these voltages
had to be gauged approximately in terns of resistance used, for which
there was a scale. In this respect care was taken to have the ship's
line kept at the standard voltage of 100. Insufficient oscillator volt-
age apparently plays a part in causing the end of the signal to register,
the flash for the beginning of the signal being blanked entirely or reg-
istering only occasionally. The end signal at times would come in so
regularly that at first it was mstaken for the sounding. This was ex-
perienced mainly in depths around twenty-five fathons and around seventy-
five fathons; around seventy-five fathons the flash woul d, however, be
appreciably nore than the length of the signal beyond the correct depth.
By increasing the oscillator voltage as well as the hydrophone current
it was generally possible to cause the beginning of the signal to flash,
if only occasionally. The correct sounding was then readily recogni zed
as the two sets of flashes would be registering apart by a nore or |ess
constant armount. At no time, however, do both flashes register for the
sane revolution of the disc. It mght be nentioned here that also in
shoal depths where the direct signal fromthe oscillator to the hydro-
phone and the return signal fromthe bottomare close together, only one
or the other of those signals will register for the same revol ution of

the fathoneter disc.

New hydrophones ("K' or tuned) require only a fraction of a mlli-
anpere to detect signals. After a hydrophone is in use for a length of
time currents as high as five nmllianperes may be required. Apparently
sone change in the condition of the carbon granul es of the hydrophone
takes place, reducing the resistance and allow ng nore current to fl ow
If the used hydrophone is renoved the granules will change their posi-
tions and the resistance is increased, but its original sensitivity is
not recovered. Qurrent for the hydrophone was derived fromtwo dry cells
inseries or inparallel instead of fromthe ship's line. It is thought
that a nore uniformcurrent is derived in reducing effects of polariza-
tion of the batteries by the parallel connection. By shutting off the
hydr ophone current between soundi ngs when consi derabl e hydr ophone cur -
rent was required, as for used hydrophones and deep soundi ngs, it was
possible to register depths which woul d not otherw se be obtained. Wen
the fathoneter is not operating satisfactorily there is a tendency to
apply | arge hydrophone current instead of |ooking for trouble el sewhere.
It should be realized that the heat produced in the carbon granules is
not proportional to the current alone but is a product of the current,
voltage and tinme, reduced, of course, by the radiation factor. The fath-
oneters are not equipped with voltneter to detern ne hydrophone voltage.
Perhaps there is sufficient heat produced to cause carbon granules to
change their delicate structure and thus lose their effectiveness. There
seens to be no other reason for the loss of sensitivity.

The length of red light fathoneter signal was adjusted by turning
the lock nut on the shaft of outer contact plate of the oscillator con-
tact assenbly, causing it to be at a definite distance fromthe inner
contact plate actuated by the camon the fathoneter disc. The |ength of
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signal was neasured by noting the flash at the beginning and end of sig-
nal while revolving the fathometer disc clockw se by hand in its neutral
position. The inner plate is on an unsupported end of shaft which has
its sole bearing near the other end where the camstrikes it with a
lateral thrust. Examnation of this bearing shows excessive wear and
prevents the two plane surfaces of the contact plates to nmeet properly,
as evidenced by the spark wear that takes place along the | ower edges
of both plates. At first the signal was shortened to 1 1/4 fathons in
order to decrease the distance between the contacts so as to provide a
m ni mum| ateral noverent before contact is nmade; however, deep soundi ngs
woul d not register with this short signal. The two contact plates were
ground srnoot h by using grinding compound between themin place and re-
volving the outer one (lock nut rel eased) against the other. Later in
the season the unsupported shaft end was secured in various radial dir-
ections by rubber bands to the frame of the contact assenbly and arm
attached in order to reduce the lateral novenent; incidentally, this

al so increases releasing tension. This produced a nore regul ar flash
than ever before. As a nore pernmanent inprovenment it is recommended
that the unsupported shaft end be secured by a rubber plate of required
thi ckness to prevent |ateral nmovenent but allownotion in the direction
of the shaft. As this shaft is broken by insulation material between
the camand contact ends, the two parts could be joined to either side
of the rubber plate which at the sane tine may provide part or all of
the insul ati on necessary.

A camdesigned to effect a nore gradual break after contact of the
contact plates may elimnate the registering of the end signal. This
woul d prol ong the signal considerably, but apparently this is an advan-
tage in obtaining deep soundings (400 fns.) by red light as reported by
the QU DE and Pl ONEER

O == O e O e D e O o= O

(1) Dr. H G Dorsey
Principal B ectrical Engineer, US C &G Survey.

When you nmake inprovenents in Fathoneter operation, please let the
of fice know about it so that your nethod may be put to work on the other
ships and thereby advance the art of better depth neasurenent. The
Fat hormet er was devel oped as a commercial aid to navigation rather than
as a precision depth nmeasuring instrunent for surveying, and for our use
many i nprovenents can be nade in all parts, including the sender, re-
ceiver, indicator and associated circuits.

Especial interest in inprovements for depth neasurenments has been
shown in the last fewnonths by Commanders Maher, Siens, Swainson,
Canpbel I and Adans.

The following notes are witten in some detail to try to explain
sone of the points which nay not be general ly understood. Commander
Siens' article especially brings up much of interest, and Comrander
Adans has started something which will no doubt go a | ong way towards
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i ncreasi ng the accuracy of echo soundings in the shoal depths.

In the 312 type Fathometer, the oscillator as originally nade was
supposed to have a natural frequency of 1050 cycles per second whenin
water, its frequency being higher when in air. It was found, however,
that after being nounted in the hull casting on the ship the frequency
was often | ower than when tested outside the hull casting, and soretines
t he frequency when mounted was as | ow as 950 cycles. The oscillator
consi sts of two vibrating systens; the diaphragmwith its attached | am
inations forns one vibrating system and the back part with the coil of
wire and lamnations forns the second vibrating system Wen the alter-
nating current fromthe notor generator is sent through the bindings,
only the di aphragm systemis supposed to vibrate. As a natter of fact,
however, the back al so vi brates, and having the greater mass, has a
| ower natural frequency than the diaphragm What is called the natural
frequency of the oscillator is the result of the two. Wen two vibrat-
ing systens of different frequencies are connected, as these two are
connect ed where they are bolted together at the rim energy naty be trans-
ferred fromone to the other and back again several times. This isa
wel | known phenonenon and is illustrated in physics |lectures by two
pendul uns of different |engths hanging fromthe sane support. Ceis
set vibrating and as it gradually transfers energy to the other, it
wll stop vibrating and then start up again as energy is transferred
back. The practical effect of this in the oscillator is that on short
signal s the di aphragm may vi brate, stop, and then start again after the
circuit has been opened. The tinme for this effect to occur is about
25 thousandths of a second, the time required for an echo froma ten
fathomdepth, so it might produce a stray at 10 fathons or an extra echo
10 fathons after the real echo. The only case I know of on our ships
where this effect was bothersone was on the LYDON A when surveying of f
the New Hanpshire coast. If the depth was, say, 60 fathons, there
woul d quite often be another indication at 70 fathons and the worst part
was that the deeper indication seemed to be louder than the echo itself.
"Turni ngthe hydrophone control fromzero to where the echo just began
to showon the red light would generally start flashing at the deeper,
erroneous indication before it did at the real depth. This effect was
elimnated by changing the circuit in the anplifier.

The easiest nethod of finding the natural frequency of the oscil-
lator is to listen to its sound while standing on deck or in the fire
roomnear the place where the oscillator is nounted. Then have soneone
vary t he speed of the nmotor generator up and down until the position of
maxi rum| oudness is reached. This tuning should be quite sharp, andthe
anmount of energy emtted by the oscillator will be far greater at the
point of resonance than it will be 5 or 10 cycles either side. For
great depths it is quite essential that the frequency should be close to
the resonant frequency or else there will be insufficient energy sent
intothe water to bring back the echo.

Besides the tuning of the oscillator, the tuning of the receiving
circuit has a great influence on the strength of the ultinmate inpul se
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whi ch operates the neon tube. Oiginally |I used four stages of tuned
audi o frequency for the receiver. This could be tuned by means of var-
i abl e condensers to the nmaxi numsignal given by the oscillator. About
the time | left the Submarine Signal Conpany they changed fromny tuned
circuit to untuned audi o frequency anplification preceded by a sharply
tuned filter which passes a nmaxi numof energy at 1050 cycles and very
little either side. The reason for this change was primarily due to
conditions on the LYDONA The electrical firing of the ship circuits
was old and there was a vibration of the ship when running due, | now
believe, to the 3-bladed propeller. These vibrations caused slight
slipping in the wire joints produci ng el ectrical noises which were pick-
ed up by the anplifier and were thought to be water noises in the hydro-
phones. Wen the ship was rewired in 1926-27 and all electrical joints
sol dered, nearly all such strays were elimnated proving that they were
not due to water noises. No filter was needed and not hi ng was gai ned
by it, soit was left out of the circuit, as was done on all of the

shi ps.

Wien fixed tuning is used in the anplifier, it should be close to
the frequency of the oscillator or no energy wll get through froma
weak echo. For instance, suppose the oscillator is giving a signal of
1000 cycles and a filter is used, tuned sharply to 1050 cycles, so that
very little energy is passed by it at 1000 cycles. Then a weak echo
fromthe oscillator would not to heard at all. In a simlar manner,
if you vary the speed of the notor generator and listen to the signal
through a tuned anplifier with frequencies of the two as gi ven above,
the | oudest note you could hear woul d be at 1050 cycl es whereas the max-
i mum sound energy emtted by the oscillator being at 1000 cycles the
oscillator would be operated at a | ow efficiency and you probably woul d
not be able to get extrenme depths with it at all. O the other hand,
if you could change the tuning of the anplifier to fit that of the
oscillator, you would be working both efficiently and get better results.

For conveni ence, assune that the natural frequency of the oscillator
i's 1000 cycl es per second, which neans that the di aphragmnakes, a com
plete to and fro novenent in one thousandth of a second. There is no
per manent nagnetismin the oscillator, as in a tel ephone receiver, nor
is there any direct current in a polarizing coil such as is used in the
Navy type oscillators on the GUDE and PIONEER Consequently, the dia-
phragmof the oscillator will be attracted by every current which is
sent into its wnding. This attraction produces a rarefaction in the
water. Wen the pull on the diaphragmis rel eased, by opening the cir-
cuit or by the alternating current passing through zero, the di aphragm
does not just stop at its position of rest but noves sonewhat beyond it
because of its inertia. Wth alternating current there will be a pull
for each half cycle and al so cessation of the pull, novenent of the
di aphragm beyond the position of rest and then another pull for the
next half cycle so that the frequency of the diaphragmw ||l be double
that of the applied alternating current. Consequently, when the notor
generator is run at such a speed that it generates 500 cycles per second,
the oscillator will give a note of 1000 cycles per second.
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So great are the effects of this characteristic of natural frequency
that if the diaphragmis struck it will vibrate at its natural frequency
just like a bell having a certain tone. |If the frequency of the alternat-
ing current is not 500 cycles, but is higher or |ower by, say, 50 cycles,
the diaphragmof the oscillator would be forced to vibrate at 1100 cyel es

or at 900 cycl es.

When the circuit is opened, however, there will always be energy in
the diaphragm either kinetic or potential, and this energy wll cause
the diaphragmto continue to oscillate, but it will nowoscillate at its
natural frequency instead of at the frequency of the applied alternating
current. The greater the anplitude of vibration when the current is cut
off, the greater will be the amount of stored energy and, consequently,
the longer the diaphragmw |l continue to vibrate at its own frequency.
The note omtted will consist of tw parts, one due to frequency of the
applied alternating current and the other will be its ow natural fre-

quency not e.

Besides the tuning of the oscillator, the electric circuit conpris-
ing the notor generator, contactor and oscillator coil is tuned by neans
of a 5 mcrofarad condenser placed in series. This tunes the electric
circuit at half the frequency of the oscillator and its effect is to
raise the voltage applied to the oscillator to about 400 volts instead
of the 110 produced by the generator itself. |If the frequency of the
alternating current is different fromwhat it is tuned to, the voltage
applied to the oscillator will be much | ess and, consequently, the sound
emtted will not be nearly so great as when the circuit is resonated.

In Commander Siens' discovery that a |ow frequency reduced the wan-
dering of the echo, it seens possible that the frequency he was using,
440 cycles, was so far bel ow the resonant frequency of the circuit and
the half frequency of the oscillator that the anplitude of vibration of
the di aphragmwas too |ow to have any after effect at its own frequency,
so that a short highly danped note was enmtted. It may al so be possible
that, due to pitting and corrosion, the di aphragmdoes not have a very
strong characteristic frequency of its own. | tried the experinent with
an oscillator inair, and for a short signal at any frequency the oscil -
lator gave only a note at its own frequency, about 1100 cycles in air.
| think it quite worth while trying the nethod on the different ships,
when surveying in shoal areas. Wen facing the swtchboard, clockw se
nmotion of the right hand rheostat will lower the frequency. It is well
to mark the present position of the rheostat before changing so that it
may be reset for deep water.

Qdinarily the circuit is closed fromabout 0.0025 to 0.005 seconds
or the equivalent of fromabout 1 to 2 fathons. Assumng it the latter,
there woul d be 5 half waves of the alternating current or 5 conplete
oscillations of the diaphragm |If the oscillator had a natural frequency
of 3000 cycles instead of 1000, there would be 15 conplete oscillations,
and for a super sonic oscillator having a frequency of 50,000 cycles per
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second, it woul d nake 250 conplete oscillations. Furthernmore, at such
hi gh frequencies the circuit is so sharply tuned that no frequency ex-
cept its own can operate it except by shock excitation, like static in
radio reception. The selectivity is still further enhanced by using a
het erodyne circuit.

Wth the indicator and notor generator running as independent units,
the instant of closing the circuit may be at any point of the alternat-
ing voltage wave Wth the circuit resonated the current will be in
phase with the voltage and there should be the nininum of fluctuation of
the echo. Wen the frequency is higher or | ower than resonance, the
current will not be in phase with the voltage. Consequently, the tine
between the closing of the circuit and the emssion of a sound suffi -
ciently loud to produce an echo may be as nmuch as a whol e cycle or 0.002
second, nearly a fathom and both the direct signal and echo rmay junp
around by this anmount due to this one cause.

If the frequency were 3000 cycles instead of 1000, the correspond-
ing junping would be only I/3 fathomand with a super sonic frequency
of 50,000 cycles the wandering would be only one and four tenths inches.
It is very apparent that the frequency shoul d be higher for precision
work and we expect to try both the 3000 cycles and the super sonic in
the next fewnonths. Wth the higher frequencies, there are so many
cycles per second that even if a few cycles are skipped the anount of
time lost is so slight that the depth neasurenment is not appreciably

changed.

If the indicator and notor generator are synchroni zed, this wander-
ing could be largely elimnated as the circuit could then be closed at
the sane part of the cycle each tine. | amnow experinmenting along this
line to see if it is easily possible. Another method of decreasing the
variation, in shoal water is by using condenser discharge into the oscil-
lator. This looks very promising in laboratory tests and Li eut enant
Paul Smth nade a trial of it on the LYDON A whi ch indicates that we
could use it to 50 fathons w thout nuch extra equi pnent.

To a | esser extent the reception of the echo is also affected by
the frequency in that the higher frequency will make the circuit respond
qui cker, furthernmore, if the water noises are | ess, greater anplifica-
tion can be used at all times as nothing has to be cut out either by
filters or by grid bias. The only reason one does not get apparent
shift of depthwith the 413 type is because of the |arger anount of
energy delivered to the water by the striker than by the oscillator.
However, on the HYDROGRAPHER | ast summer, | could easily get a shift of
2 fathons by varying the anplification when we were drifting in 57
fathons. At this depth the echo is not so strong as in shoal water and,
consequently, its intensity can be varied sufficiently in the anplifier
so as to give the changes ordinarily noted only with the 312 type.

Wiile the striker type appears to give a steady indication, the re-
sults of the past season showthat it is unsuited for precision measure-
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ments due to the difficulty of know ng just howto apply corrections.
The conparisons with vertical casts vary in a few hours by some unknown
law. Sone progress has been nmade by watching the initial flash and
using its reading as a nmethod of applying the correction. Part of the
tine the OCEANOGERAPHER woul d take the reading of the 312 type with which
to correct the 412 striker type. Several of the officers now believe
that the 312 type is nore reliable and that the average of its fluctuat
ing reading is nore accurate than the apparent steady reading of the

ot her.

In shoal depths it is necessary to have a short signal or else the
echo woul d return before the signal is conpleted. Since perfect shield-
ing is inpossible, the direct signal, i.e., sound fromthe oscill ator
goi ng to the hydrophone without reflection, will mask the echo unl ess
the signal is shorter than the tine required for the echo. There are
sone Fathoneter installations in which the echo is stronger than the
direct signal, in which case it is not necessary to use such a short
si gnal .

In deep water it is necessary to have a |l onger signal; sone of it
is |ost somewhere. The ideal condition would be to have the signa
length quickly and easily adjustable. 1t has not been done on the Fath-
oneter because it adds a conplication, but | have tried it on the
LYDON A, and sone net hod may be nmade standard at a | ater date.

What ever adjustrent is found to nake the best | ength of signa
shoul d be | ocked so that the signal length will not gradually change it-
self and cause a change in the tine at which the signal is started,
thereby changing the index corrections and introducing an error into the
dept h neasur enent .

What ever the setting may be, it should be noted daily in the sound-
ing record, giving the reading when the circuit is closed by rotating
the disc cl ockw se, and then readi ng agai n when the contacts touch with
the disc rotated counter-clockwi se. The difference between the two, of
course, gives the actual tine the circuit is closed.

Carbon granul es in a hydrophone deteriorate by having their corners
burned off and the carbon el ectrodes gradually | ose their highly pol-
i shed surface, which also produces inferior quality. The greater the
hydr ophone current, the faster the corners burn off, due to m croscopic
arcs formng which cause the carbon to heat and do what is technically
known as "pack". This tenporary "packing" can be removed by a slight
nmechani cal shaking of the hydrophone itself and it has been observed that
three RAR bonbs will decrease the hydrophone current from15 mlli-
anperes to 3. The current should not exceed 10 nmillianperes in the
Subnari ne Signal Conpany hydrophones or their deterioration will be rapid.
| believe that carbon button hydrophones are one of the weakest parts
of the Fathometer equi pment. Present experinents are so encouragi ng that
I hope we may be usi ng hydrophones wi thout carbon within a few nonths.
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The thyratron was introduced into the bathoneter prinarily because
of its convenience in the coincidence nethod. It obviated the use of a
relay in putting the artificial echo into the receivers and also is
capabl e of handling considerable energy for the neon tube. It has sone
pecul i arities which, when known, may stabilize results which may have
been erratic. The thyratron is photoelectric and its sensitivity is
somewhat dependent on its tenperature. 1ts operation in bright sunlight
is very different fromwhat it is when not illumnated. A though it wl
be in darkness when the anplifier box is closed, yet you nay find it ad-
vant ageous to rmake a covering for it of asbestos paper. This would be
fireproof, keep the light out, and allowit to warmup quickly so that
operation will probably be more uniform The thyratron does not fati-
gue, as sone have thought, but unless the circuit is quiet the grid will
remai n positive and the condenser fail to charge sufficiently to operate

t he neon t ube.

The greater sensitivity of the circuit, attained in this circuit,
nmakes the use of the coincidence nethod unnecessary as the red |ight
times 6 nethod has been used to well over a thousand fathons on several
of the ships, and to 3000 fathonms by the PICONEER The coi nci dence met hod
is probably not used at all and the circuit will be renoved in the near
future. Meanwhile if the slowred light nethod is used and the readi ng
multiplied by six, an error is introduced anounting to 10 fathons if
the draft setting is 2 fathons. Let draft setting = d, initial reading
=i, echo reading =r. Then, neglecting correction for tenperature and
salinity,

depth =6 (100 - i) - d +r] +d

If the length of signal is not changed, and if the camor dog which

closes the contacts is not changed, 100 - i wll remain constant and
since the draft setting will also remain constant, (100 - i) - d =
constant, =k, which may be either plus or minus, but will usually be

positive. Then, depth =6 (k +r) +d =6 (l{+%+r). Since dis as-

suned const ant, %}\MII remai n constant so that
depth = 6 (k +r)

If a pointer is used, such as Commander Swai nson has devised, the
constant K can be taken care of by the setting of the pointer so that the
i nstrunent becones direct reading, except for tenperature and salinity
corrections.

Commander Swai nson has noticed that he gets better echoes in great
depths on cal mdays. While cal mess of sea itself nay have something to
dowithit, tome it seens nore likely that in a calmsea there will be
fewer air bubbles in the upper layers of water and, consequently, the
passage of the sound will be easier both in going and com ng; the acous-
tical resistance of the water will be |ess because of the freedom from

ai r bubbl es.
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Since all of our Fathoneters are not calibrated for the same velocity
of sound, the following table is given to have all the data collected in

one pl ace:

Type and Vel ocity Mot or D al Speed
Serial No. f at hons RP.M Shoal Deep
SURVEYCR 31210D 800 1800 240 40
D SCOVERER 31211 D 800 1800 240 40
PATHFI NDER 31218 MP 820 1800 246 41
MARI NDUQUE 31224 WP 820 1800 246 41
Pl ONEER 31226 M 820 1800 246 41
QJ DE 31227 M 820 1800 246 41
FATHOVER 31228 WP 820 1800 246 41
LYDON A 31249 P 820 1800 246 41
" 41227 H 810 3640 182 none
OCEANOGRAPHER 31268 S 820 1800 246 41
" 41225 H 810 3640 182 none
NATOVA 41214 E 810 3640 182 none
HYDROGRAPHER 4322 810 3790 194. 4 48. 6
A LBERT 412 - 810 3640 182 none
VEESTDAHL 412 - 810 3640 182 none

FREFHAEAFFI LG L F

"The nore we study the depression, in so far as it affects the
Anerican Merchant Marine, the nore clearly we perceive that if Anmerican
shi ppers and travel ers would give a fair share of their business to
Arerican ships, prosperity for Anerican shi powers woul d appear over-
night. W nust drive this point hone to every Amrerican citizen. W
nmust make it plain that if Americans woul d cease to show preference to
foreign lines, our merchant marine would have no difficulty in weather-
ing not only the present storm tut any simlar stormthat nay arise in
the future.”

Hon. T. V. O Gonnor, Chairnman,
United States Shi ppi ng Board
M ddl e Wst Forei gn Trade and
Mer chant Mari ne Conf erence.
Loui sville, Ky., Qctober 27, 1931.



-107-

APPLYI NG SURVEYS, NOT' ON THE
NORTH AMERI CAN DATUM TO THE CHART

A M Sobieralski, H &G Engineer, US C &G Surrey.

In the conpilation of a nautical chart, the Bureau assenbl es data
frommany sources. The facility with which these can be applied varies,
of course, with the amount of dependable information furnished. Qur
field officers shoul d know soret hi ng of the problens that arise. They
shoul d have definite know edge of what is required in applying surveys
made by ot her Federal bureaus and agenci es.

In general, there are two classes of such surveys: (1) Those hav-
ing a rectangul ar coordinate grid and (2) those that have neither a pro-
jection nor a rectangul ar coordinate grid.

Inthe latter case, two or more U.S.C. and G S. triangul ation sta-
tions on the blue-print so located as to furnish a good base for deter-
mning the distortion of the blue-print are adequate. For exanple, one
triangul ation station near each end of the print woul d be adequate for
control of a blue-print showi ng details of a stretch of a canal. |If
bl ue-print covers a large rectangular area, three stations fornmng a
triangle with its apexes near the lints of the blue-print would be de-
sirable, so that distortion in nore than one directi on can be determ ned.

A blue-print with the rectangular coordinate grid lines on it wll
furni sh sufficient control even if no US. C and GS. station falls
within the area of the blue-print, provided the geographic and rectan-
gul ar coordinates of the initial point of the coordinate system (that
is, the point fromwhich the initial azimuth or bearing was taken) is
given on the blue-print, and the rectangul ar coordinates of the U S. C
and G S. stations which were tied to the systemare given.

Some confusion arises when coordinates other than 0,0 are given
to the initial point. The initial point is the point where the x-axis

coincides with the true neridian. If, for convenience, this point is
gi ven coordi nates of, say, {10,000 S, then the x-axis at the point
(40,000 W

0,0 is not true north, and this point is not the true initial point,
as woul d be assuned unless it were specified on the blue-print that the
initial point of the coordinate systemis U.S.C. and G S. triangul ation
station Gay 10,000 S Lat. 35°53'01'.75

40, 000 WLong. 86°47' 52".22.

The m ni mumrequirenents for converting rectangul ar coordi nat es
into geographic positions, or applying a blue-print with rectangul ar
coordinate grid to the chart, are therefore:

1st - Both the rectangul ar and geographi c coordi nates of one of the

stations of the system
2nd - The initial point of the system that is, the point where the



- 108-

neridian or the true north and south line is parallel with the axis of
the rectangul ar coordi nate system

Three exanpl es of notes taken fromvarious U S. Engineers bl ue-
prints which give explicit information regarding the origin of coordinates

fol |l ow

1. "Al bearings, azimuths, distances and coordinates are taken in
the rectangul ar coordinate systemw th axes perpendi cul ar and parallel to
the neridian passing through U.S.C. and G S. station 'Bogart' and the
origin so chosen as to make 'Bogart' S. 20,350 ft. and W 20,250 ft."

2. "The map is based on plane surveying, the chosen neridian bei ng
that through U S.C. and GS. station 'Gd Tower', hence azinuths here
used, determned fromthe coordinates given, are 6 1/3 seconds per 1000
feet of departure greater or less than true azi muths, according as the
|ocation is west or east of the 'Qd Tower' neridian."

This note is followed by a tabul ati on headed "Coordi nates, in feet,
referred to U S.C. and GS. station 'AQd Town'".

3. "The zero of coordinates of the rectangul ar coordinate system
isUSC and GS. station 'Mnorial Church' and the northerly axis of
the systemis parallel to the neridian through that point."

In each of these cases a U S.C. and GS. station is used as the
initial point, hence it is not necessary for our purposes to give the
geographi ¢ coordinates. It is customary to give rectangul ar coordi nates
of all the US C and GS. stations tied into the rectangul ar system
either on the blue-prints where the stations appear, or in a separate
t abul ati on.

A R
M STAKES WE MAKE

From"The Nauti cal Magazi ne", Decenber, 1931.

* % * * |t is aremarkable fact that there is often great difficulty
in convincing some candi dates for examnation that the pressure on the
bows of a vessel steamng with the tide is precisely the sane as if she
was steanming against it. Many of theminsist that the velocity of the
tide exerts a pressure at one end or the other. This strange belief is
not confined to the younger men but extends through all ages. A week or
two ago a man told the examner that there would be less strain on the
log line when a ship was going in the sane direction as the tide. An-
other man said he could tell whether the tide was with or against the
ship by the strain on the engines. These nmen are in the same category as
the man who told an exaniner that a ship would travel faster if she were
| oaded by the head - because she would be going down hill all the time!
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TI DE AND QURRENT SURVEY COF BUZZARDS RAY, MNASSACHUSETTS

G E Boothe, H &G Engineer, US C &G Survey

Atide and current survey of Buzzards Bay and vicinity, Mssachusetts,
was nmade by the conbi ned parties on the Launches ECHO, ELSIE |11, RODG&ERS
and MTCHELL. In addition to one officer, each |aunch had a conpl ement
of an engi neer, a coxswain, a cook, and three observers. Field work com
nmenced on June 30 and was conpl eted on Septenber 29. New Bedford,
Massachusetts, was used as the base.

Tl DES.

e standard automatic tide gauge was established at Mew Bedf ord,
Massachusetts, to be operated by a tide observer for about a year. This
was used as the control station for reducing to mean values the results
derived fromthe short series of portable autonatic tide gauge observa-
tions at various |ocations on the working ground.

Six portable autonatic tide gauges were operated at twenty-two sta-
tions with records fromone week to two nmonths. At practically every
town in the area tidal observations were nade and a sufficient nunber of
standard bronze disc bench narks established to bring the total nunber
in each locality up to three. Fourteen old bench marks were recovered
and connected to the tide staffs in addition to the sixty-three new
bench mar ks est abl i shed.

In order to secure tidal observations in Quicks Hole, it was neces-
sary to build structures on which to secure the portable automatic tide
gauges and staffs. A very hard sand and rock bottomnade it difficult
to erect platforns. There was also the difficulty of working froma
snmall boat in an area where there was a current of fromone to two knots
and no slack water. Three platforns, built with "four by fours", braced
with eight "two by fours" driven into the bottomat an angle and nail ed
to the uprights above the high water line, were constructed. The tide
gauge and pipe were fastened with Ubolts to a sixteen-foot "four by
four” driven in the center of the structure and pl unbed by bracing to

the structure.

In erecting the platforns, the snall boat was noored fromthree
directions to prevent novenent. The four tinbers (sharpened and banded
with gal vani zed wire) were worked into the bottom simltaneously. A tem
porary platformwas nailed around the top as soon as the uprights woul d
stand al one, and fromthis were driven inwith anmaul. |If not driven
down quickly, the current woul d wash out the sand around the bottomand
overturn the structure. The structures were built in about six feet of
water at lowtide, with a nmaxi numrange of about four feet, |eaving the
pl atformabout three feet above the high water line. The structures,
when conpl eted, were very steady and woul d stand consi derabl e rough

weat her.
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CURRENTS

Qurrent observations were started in the vicinity of the Hen and
Chi ckens Lightship and made at stations throughout Buzzards Bay, includ-
ing three stations in the Cape Cod Canal; one station each i n Wods
Hol e, Robi nsons Hol e, Quicks Hol e and Canapitsit Channel; two stations
in the Sakonnet R ver, Rhode Island, and two in the Seekonk R ver,

Provi dence, Rhode | sl and.

(bservations with good results were taken up to and including a
velocity of four knots using the single point contact (Price Qurrent
Meter). A twenty-five pound neter weight was used.

During the season a total of 94 current stations were observed com
prising 39 25-hour, 45 50-hour, and 10 75-hour stations. Qurrents were
observed with both pole and neter at half hourly periods. At each sta-
tion the surface velocity and the direction were determned with the
standard current pole using a current line marked for a sixty second
run. The subsurface current velocity was detern ned each half hour
withthe Price Qurrent Meter at two tenths, five tenths, and eight
tenths of the depth. Density and tenperature observations were nmade at
the same depths as the neter observations.

M SCELLANEQUS

Inreturning after renoving a portable tide gauge at Marion, Mass-
achusetts, the small boat swanped, within about two hundred feet of the
launch, with the chief of party and two nen and a portabl e autonatic
ti de gauge and gear for renoving the tide station aboard. Two things
were found fromthis experience - that a portable automatic tide gauge
inits box would not only float, but would support a man as well, and
that two hundred feet can be swumagai nst a noderately heavy swell and
strong wind by a man dressed in khaki trousers and shirt, wool shirt,
wool sweater, heavy rubber raincoat, and hip boots, and wi thout even

l osing his uniformcap.

O the norning of July 25 M. Taylor, in charge of the Launch
M TCHELL, and M. Hartzog, in charge of the Launch RODGERS, were running
across to New Bedford fromQui cks Hol e when M. Tayl or sighted a fl oat -
i ng body, which proved to be the body of a girl who had junped overboard
fromt he Boston-New York steaner the night before. He picked up the
body and M. Bartzog, comng up with the RODCERS, sighted the body of a
man, whi ch he picked up. This man had been in the water several nonths

and was never identified.
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WR NKLES AND SUGCEESTI ONS

VH TE LI GHT ECHO SOUND NGS
O W Swai nson

W have found on the PIONEER that a white |ight sounding can often
be obtained by listening with a pair of head phonos connected in series
with two or four dry cells and the hydrophone before the hydrophone
circuit goes through the fathoneter. The echo is not drowned out by
the fathometer noises. V& use it alnost exclusively in deep water to
determ ne the nunber of revolutions of the white |ight between the out-
goi ng sound and its echo and where the echo is too faint for the FRx6.

COMVENT ON THE ABOVE
Dr. H G Dorsey

This nethod is practically the same as was made standard on the
GUDE when | rewired the fathoneter at Cakland in January, 1930. A Navy
type oscillator has been heard 60 niles this way. Not nore than two
cells or three volts should be used on any of the Subnarine Signal Com
pany' s hydrophones, although six volts are satisfactory on the Navy type.

| MPROVED CLEARNESS | N THE "CLI CKS' OF PR CE QURRENT METERS.
d endon E. Boot he

The ""clicks" of a current neter are clear and distinct in the air,
and even in shoal depths, but nay fade out conpl etely at deeper depths
because salt water, being a good conductor, causes the neter to short.

The tide and current survey party working in Buzzards Bay, Mass-
achusetts, this season found that the cl earness of the "clicks" of the
Price Qurrent Meters could be greatly increased by covering the two ter-
mnals of the neter with balls of hard oil.

Keepi ng the contact chanber full of a medi umheavy grade of engine
oil (being careful to see that not a single drop of water is left) and
the tem nals and wire connections carefully covered with hard oil wll
produce better results.

SERI AL TEMPERATURES
O. W Swai nson

As the six deep sea thernoneters furnished us for obtaining serial
tenperatures have no inner thernoneter for measuring the tenperature of
the inner colum of air, experiments were nade to deternine the |ength
of time required after bringing the thernoneter to the surface for this
colum of air to becone the same tenperature as the atnosphere. The re-
sults showed that it took fromfifteen to twenty m nutes.

Therefore, in taking serial tenperatures, the thernoneter should be
left twenty minutes before reading. Then by taking the tenperature of
air, the proper tenperature correction can be made to the reading.



-112-

COMMENTS ON THE PRECED NG
F. S. Borden

It is believed that considerable time can be saved if, instead of
waiting until the inner air column reaches the tenperature of the atnos-
phere, on arrival of the thernoneter at the surface, it be placed in a
bucket of surface water and allowed to renmain until the colum of air
reaches that tenperature.

As the thernoneter is drawn upward through the water, it is prob-
able that the lag in the tenperature of the thernoneter behind that of
the water it is passing through is slight. GConsequently, the air colum
will assune the tenperature of the surface water in a conparatively short
time, whereas, for it to assunme the tenperature of the air may require
a considerable length of tine.

Al though it has no direct bearing on the manner in which correc-
tions are applied, it may be of interest to our engineers to know that
in preparing correction tables for deep sea thernoneters the Bureau of
Standards actual |y makes only the three conparisons indicated in the
tabl e bel ow by underscored val ues. The other val ues are conput ed.

B.S. No. 53025 - Makers No. W9482

Tenper ature when thread Correcti on when tenperature
i s detached: of detached thread is:
0° C 15° C. 25° C
0°C. - .04 - .27 - .48
15 - .36 - .01 - .22
25 - .62 - .25 .00

AREA TR ANGULATI ON
H C Mtchell

e of the aspects of control surveying which the use of triangu-
lation in city surveys has had nuch to do with developing relates to
mai ntaining the strength of the triangulation figures in every direction.
It mght be characterized as area surveying, as contrasted with arc
surveying, in which the effort is tonaintain a certain standard of
strength only in the general direction of progress, that is, along the

axis of the triangul ati on.

In Special Publication No. 120, "Mnual of First-Qder Triangul a-
tion", page 15, this subject is covered briefly in the foll ow ng words:

"If anmore intensive devel opnent of the area is desired, instead of
bei ng concerned wit h distance angles only, and the R and R, through the
schene, the observer should give attention to | eaving |ines of proper
strength so |l ocated as to be of greatest value to topographers and ot her
engi neers. "
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Undoubt edly the needs of the city survey were in mnd when the above
was witten, but to-day city planningis but a snall block in the large
field of regional planning, and to fully serve the needs of the regional
(as well as city) plan, map nust maintain a standard of accuracy in
every direction - except possibly where sone unusual feature interrupts
the continuity of the region and i sol ates one section from anot her.

A sinple method of applying the criterions R, and R, would be
to conpare the strength of every line which mght have major use in de-
tail surveys with the strength of a line mdway "between bases and to re-
quire that for all such lines the values of R ana R, conputed from
t he nearest base |ine shoul d not exceed one-half the values permtted
bet ween adj acent base |i nes.

EXTRACT FROM REPORT ON HYDROERAPH C SHEET 5085
Reviewed by A. L. Shalowitz, July, 1931

Inclosing this report | wish to recommend that a copy of the sane
be sent to the field party concerned for t he purpose of acquainting them
with the many details frequently connected with the disposition of a
hydr ographi ¢ survey. A survey is not conplete unless it can be properly
harmoni zed wi t h existing data of equal accuracy. W ere conflicting in-
fomation is disclosed during the prosecution of a survey, an effort
shoul d be made, as far as practicable, to ascertain which is correct and
adefinite statement to that effect enbodied in the descriptive report.
Even in cases where, through the availability of original data, the office
is in asonmewhat better position to take the final decision, it will
neverthel ess be of inval uabl e assistance to the reviewer if in his de-
cisions hs has the benefit of the positive statement of the surveyor.

TAKI NG QUT THE MEAN
Fl oyd W Hough, Geodetic Engi neer
Metropolitan District of Southern California

The following is a "suggestion" which | have found very hel pful and
which the editor may publish in the next bulletin, if he desires, giving
due credit to M. E. P. Mxton who passed it on to nme a nunber of vyears
ago:

Speci al Publication No. 91, page 38, gives a nmethod for taking out
the mean froma set of observations withthe repeating theodolite. There
is a much easi er way and one having far |eas chance for error, viz.,
sinply take by inspection the nmean of the initial and the final readings
of the set. This neanis the theoretical initial and is then subtracted
fromthe No. 6 reading, after which the result is divided by 6.

| believe anyone who will use this nethod with the repeating theod-
oliteSwll not fail to appreciate its advantages over the ol der cunber-
sone nethod. M. E. P. Morton, aformer officer of the Service, told ne
about this shorter method several years ago, and | have used it with
great satisfaction ever since. | believe the nethod is not generally
known



-114-

COMMENT ON THE PRECEDI NG
J. A Bond

The met hod nentioned by M. Hough is, | think, in general use anong
the field officers.

VWATCH THE UNOCCUPI ED STATI ONS
E. B. Roberts

Triangul ation specifications allow, in the case of second and third
order work, certain departures fromthe requirenments stated for first
order surveys. This is proper and mekes, in many instances, for econo-
mes inthe work. These privileges, however, nust not be recklessly used.
Recal | that one is permtted to use, withinlimts, stations unoccupied
of lines observed in one direction only. Consider the figure:

Note that line AABis the ' B ¢

known line, while GDis to be d 7
determned. This is a pretty /

good quadrilateral. R, is de-

sirably lowand R, while / ~ ,
larger, iswthinthe limts. \k/
~D

P
The specifications do not, in —
any event, stress the inportance g *
of R It seens expedient, for
various reasons, to leave the line B-Dunobserved at D. That is per-
mtted by the specifications. Al inall, afair figure to go ahead on.

The observations conpleted, it is noted that the closure errors of
the two conpleted triangles are not too large. Not to be hasty, the tri-
angl e sides are conputed and conpared to be sure that the other two tri-
angl es are satisfactory. Avery close check is seen to have been obtai ned
between the two values of the length G D which makes everythi ng appar-
ently satisfactory. The rather large discrepancies in the different
values for BBCand A-Dare noticed, to be sure, but of course they are de-
rived fromthe weak triangles of the R, chain, and it is not surprising.

The person who is anything less than very careful woul d go ahead on
this basis - conpute the positions of Cand D, using the strong R, tri-
angl es, of course, and naybe a whol e season's work night be based on that
and succeedi ng wor K.

That particular bit of work probably would not come to mnd again
for perhaps years, until the mathematicians took up the |east square ad-
justment of it. Asurprise, then, tobe told that large errors in posi-
tion had been traced to this particular figure. It mght even be that
this weakness coul d have destroyed t he useful ness of a whole arc of tri-
angul ation. (Qdoser analysis would show that every geodetic position de-
pended for its accuracy upon the single unsupported and unchecked direc-
tion observed over the line B-D, which, unfortunately, carried a very
serious error due to refraction, obscure signal, or other cause. Alittle
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|ate, perhaps, to realize that pure chance had nade the two sides of the
figure so nearly parallel that, whatever val ue within reason mght have

been assigned to the direction of the line B-D, the two conput ed val ues

of the forward base |ine GDwoul d necessarily be in close agreenent.

Happeni ngs of such nature probably occur far oftener than would be
supposed offhand. It is therefore desirable that the use of concl uded
stations and single direction lines be nmade only with the greatest of
Ci rcumspecti on.

COWENT ON TEE ABOVE
P. A Smth

M. Roberts has explained in detail a rather common occurrence in
any triangul ati on, whether concl uded directions are used or not, nanely,
occasi onal |arge side discrepancies. He states that "the use of con-
cluded stations and single direction lines (should) be nmade only with
the greatest of circunspection”, but does not offer suggestions as to
just what can be done to avoidthese large discrepancies due to double
errors onaline or errors in concluding a figure. M. Reynolds on
page 208, Manual of Triangul ati on Conputation and Adj ustnent, Speci al
Publication No. 138, explains the use of the side equation test. HE se-
where inthis edition of the bulletin is an exanple of the use of this
test, somewhat abbreviated, and an expl anation of the exanpl e.

The only satisfactory way to be sure triangulation is up to speci-
fications and that no |arge side discrepancies exist is to keep the tri-
angl es conputed strictly up to date, carefully noting the specifications
as regards the sine differences per second of the snmallest angle enter-
ing intothe conputations. Wth alittle practice and experi ence, the
side equation test can be used with ease and will prove very economcal .

FROM REPORT OF JACK SEN R, COMWANDI NG " FATHOMER'
Phi | i ppi ne | sl ands.

Fl oating signals were used wit h success for the of fshore hydrographic
control. Their use enabled ship and | aunch work to proceed without in-
terruption. Had we been dependent on shore fixes only, this work woul d
have been curtail ed considerably, because of poor visibility, and |aunch
devel oprent of t he numerous of flying shoal s woul d have been difficult of
acconpl i shment. These signals were visible for eight nautical mles
fromthe ship and about 4-1/2 mles fromthe launch. Al signals were
located by direct fixes, with check angles, on triangulation stations on
shore, and their positions checked at various tines during the season.
There was no di spl acerment what ever due to draggi ng of anchors.

FROMREPCRT OF G C. MATTI SON, COMVANDI NG " PATHFI NDFR'
Phi |i ppi ne |sl ands

An interesting observation was nmade whil e devel opi ng t he shoal s, re-
garding the apparent unifornity of growh of the coral on the heads in
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sone particular locality, or those lying in abolt parallel to the gen-
eral shoreline or tothe line of the subnarine shelf. The least depth
found on each shoal usually varied by only a fewfeet fromthe other
shoals inthevicinity. For instance, On sheet #8, practically all coral
growth in the belt lying fromfive to eight mles fromthe edge of the
shelf has a least depth of between 6%and 7 fathons. Is this due to

| ocal conditions affecting the rate of devel opnent of the coral ?

UN TED STATES NAVAL SURVEYS
Extract from"Mlitary Engi neer"
Novenber - Decenber, 1931

In carrying out the survey of the land bordering the Qulf of Paria
it was found that the topography and general character is such that the
main triangulation for controlling the hydrographic survey could not be
laid out with all triangulation points situated on | and or even in shallow
water. In order to obtain suitable control it was necessary to |locate
certain stain triangulation points off shore in from30 to 50 feet of water.
Thi s was successfully acconplished by building 100-foot towers at these
points, the nain parts of which were first erected on board the "Hanni bal "
and then dropped at the desired location. Woden nmattresses, weighted
wth railroad iron, afforded a good foundation for the corner posts of
the towers. In less than three hours a tower was conpleted and ready to
be occupi ed, thus denonstrating the efficiency of the Navy survey parties
and the nature of the obstacles that have, to be overcone to carry out
thei r m ssions.

A A A

USE CF SI DEREAL CHRONOMETERS
FORSTARSI GHT OBSERVATI ONS.

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

A sidereal chrononeter has been in use on the PIONEER this season
for recording star sight observations and it has been found that the com
putations are shortened considerably thereby. |If other ships requiring
astronomc control have not already nmade use of the sidereal chronoreter,
it is recommended as bei ng worth while.

The tine and | ongitude corrections can be conbi ned into one val ue,
whi ch, when applied to the mean tine of the observations, wll give the
sidereal tinme of the star set. This sane correction is then used on all
ot her star sights observed at this point.

The sidereal chrononeter correction is obtained by conparing the
chronoreter wi th Geenwi ch Sidereal Tine whenever a radio tine tick is

obt ai ned.
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CENERAL

A CENTURY OF SERVI CE
Editorial fromthe Evening Star, Washington, D. C
Novenber 24, 1931

Its work is not of a character that lends itself to spectacul ar por-
trayal, yet there are few subordi nate branches of the Federal Government
whose activities rival in inportance the operations of the Coast and Geo-
detic Survey. Director R S Patton has just submtted to the Depart nent
of Commerce, under which the survey functions, its one hundredth annua
report, giving a backward gl ance descriptive of the grow ng duties of this
scientific public service bureau. It is a history of a century which has
seen unceasi ng exam nation and studies of the earth and of the waters.

In that distant period during the adm nistration of Andrew Jackson
when the Coast and Geodetic Survey was | aunched on its m ssion, surveying
was limted alnost entirely to the delineation of property boundari es.
Wth land plentiful, property owners could not afford accurate surveys,
even had net hods of naki ng thembeen avail abl e. The program proposed by
the original head of the service, Ferdinand Hassler, and adopted, was for
a survey of the entire coast; to be executed pieceneal, it is true, but
with accuracy, continuity and fidelity, the whole fixed by a precise
framework of geodetic control, every adjacent part correctly fitting

Since the Wrld War revol utionary changes and advances have been re-
corded inthe fields the survey traverses. Based on the utilization of
the velocity of sound in sea water, a surveying vessel while traveling
at full speed is now able to conpile a continuous profile of the bottom
Visibility of land or weat her conditions are non-essentials. The rate
of progress is multiplied and permts the definite conpletion of proj-
ects formerly expected to extend into the indefinite future.

In the realns of tide studies, geodetic control survey and mappi ng
of new airways, Director Patton's report also records progress of inport-
ance. The Coast and Geodetic Survey nmaintains tide stations. Their con-
ti nuous operation furnishes the basic data for the intelligent execution
of engineering works along the coasts. As tides are caused by the attrac-
tice force of the nmoon and the sun, the |layman, and indeed nany engi neers,
think of the tide as a universal, unvarying world phenonenon. Science
now nakes it possible to predict with certainty the future daily occur-
rence of the ocean tide. Regional differences are the result of terres-
trial rather than astronomcal factors. In viewof the rapid econonic
devel oprment Anerica's shores are undergoing, there is need for a proper
advance realization of the probabl e effect of contenplated projects.
This effect today is definitely ascertainable.

There is at present in operation an expanded geodetic control survey
program to be conpleted in sone fifteen years. Inasnuch as all engineer-
ing operations of any magni tude require accurate positions, directions,

di stances and el evations, this Federal program of geodetic control wll
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furnish the framework for the engineer to place his surveys intheir true
geogr aphi ¢ positions.

The Coast and Geodotic Survey is engaged i n naki ng a series of ninety-
two sectional airway maps eventual |y to cover the entire United States.
Thus a Governnent bureau originally charged with exploration only of the
| and and the adjacent sea has now, like the rest of the world, taken to

the air.
R EEA R R SR

FOR BETTER SURVEYS AND NVAPS
(Extracts fromQvil Engi neering)

* * * * "there is one point that needs to be brought before the pro-
fession (engineering) at this time. Many costly airplane surveys are in
progress which can never yield their full inherent benefits because of
the lack of accurate ground control. The Anerican public has been edu-
cated to, and is convinced of, the need for accurate maps, and it is
rather well sold on the use of the airplane in making these maps. It
needs to know that control is necessary and that control mnust come first
if it is toreceive dollar-for-dollar value for funds expended in such
WOI’k "k ok x % %

C M Case, M Am Soc. C E
Associ ate Professor of G vil Engineering
M chigan State Col | ege.

——— (3 eed 3 e () e O

* * x x "Qurveying cannot remain static. It nmust inprove and it is
reasonabl e to assume, judging fromthe past, that current geodetic prac-
tice includes instrunments and net hods which will sooner or |ater becone
part of current plane surveying practice. Actual figures show that at
the present tine surveying organi zati ons sel dom nunber college graduates
anong their field forces - one or tw such nmen may be enpl oyed as office
managers or field superintendents. It is going to be a long pull toward
an inproved situation in plane surveying but we certainly can never hope
for progress if engineers and engineering schools are going to be satis-
fied with followi ng old nmethods instead of keeping constantly alert for
possi bl e inproverments. Mich of the progress in civil engineering nust
corme through the problens and experiences of actual practice." * * * *

J. K Finchh M Am Soc. C E
Renwi ck Professor of Gvil Engineering,
Col unbi a Uni versity.

—_— O wem D wese (3 e D e

"A corollary of the article on "Mdernizing Triangul ati on Practice",
by WIlliamBowi e, in the Decenber issue of "Gvil Engineering", would
be "Mdernizing the Use of Triangulation Data". The general use of this
inportant information has not kept step with the very rapid spread of
the triangul ation net shown by Maj or Bowi e, excepting only in the field
of topographic mapping and, to a limted extent, in naking precise city
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surveys. An alnost unlinted field exists, if we are to verify the geo-
graphic position of the land surveys and to control all |arge scal e topo-
graphic mapping. Al authorities concede that the geographic positions
which are derived by triangul ati on establish the standard of precision
to which all other surveying - topographic, cadastral, and aerial - may
and shoul d core for verification, adjustment, and conparison," * * * * *

Arthur B. Kidder, M Am Soc. CE
United States General Land O fi ce.

* * % % "Honce the mllions of mles of highway, railway, trans-
m ssion-1ine, pipeline and canal |ocations, and the many thousands of
square m | es of topographical and other area surveys, can scarcely be ex-
pected to serve any useful purpose other than that for which each was nade.
Thus, when viewed col |l ectively, they represent only hopel ess conf usi on.
Had they been based upon a common origin of true neridianal coordinates
and nmean sea-level datum they would, with their unchangeabl e bearings or
azi mut hs, have served mankind for all tine to cone in many useful ways.

"Onng to the present scarcity of Governnment stations, it is not
to be expected that all individuals or corporations would stand t he ex-
pense of having their surveys tied into stations mles away except in the
case of extensive ones, but where surveys are nmade by a state the matter
is different.

"Consi der, for exanple, the design of our several state hi ghway sys-
tens. Had the locating engineers been required to base all of their
surveys upon the Governnent stations and to secure a reasonabl e accuracy
as well as to place at suitable intervals pernanent nonunents w th geo-
graphi cal coordinates, azinmuths, and el evati ons nade avail able, the states
woul d have amassed for thenselves and for the public, at very little ad-
ditional expense, data of alnost unlimted value. Sone engi neers seem
to regard the Governnent stations with a sort of bew | dered awe. They
do not realize that, so far as their jobs are concerned, the Coast and
Geodetic Survey nmethod may be just as sinple and no nore accurate than
their own, and that its chief and exceedingly great advantage is that it
correlates or coordinates all surveys into one uniformsystem thereby
maki ng each survey permanent, usable for nyriad purposes, and consequently

sonet hing of very great val ue.
* k * Kk k

"l would like to see a well organi zed, joint noverment - enbodyi ng
every civil engineering society, association, and club in Amrerica - peti-
tion Congress to appropriate sufficient funds to enable this bureau to
conplete its triangulation of the country within half the tine now anti -
cipated, in order that the country and the engi neering profession m ght
nore quickly reap to the fullest the advantages offered by its achieve-
ments."

(George F. Synre, M Am Soc. C E
Seni or H ghway Engi neer
State H ghway Comm ssi on.
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* * * * "The first-order control survey forns the skel eton framework
upon which is based, or will be based in the near future, all properly
coor di nat ed t opographi ¢ and cadastral surveys of Federal, state, and
nmuni ci pal organi zations, as well as inportant construction projects of

nore private nature." * * * *
Fl oyd W Hough, Assoc. M Am Soc. C E.

CGeodeti ¢ Engi neer, Metropolitan Water
Dstrict of Southern California.

e e e TR B i o B « BT

* * * *x "The greater part of the topographic mapping that the U S.
Ceol ogi cal Survey does is in cooperation with the states so that the need
for basic control is in many wdely separated areas. Control surveys of
the first and second order shoul d be executed well in advance of any de-
mands for topographi c nmappi ng. Past experience has shown that the topo-
graphi ¢ mappi ng of areas, whi ch have suddenly acquired great economc or
engi neering inportance to the State or Nation, has had to be postponed
for a year because such basic control was not ready. Through close co-
operati on between these two organi zati ons of the Federal Governmnent, the
Coast and Geodetic Survey is expanding its control net in areas where it
will be of the greatest service to the Geol ogi cal Survey.

"The | ack of horizontal control surveys of the first or second order,
i n advance of topographic mapping, results in accurmulations of error in
hori zontal position of magnitudes sufficient to cause serious difficulty
in the proper joining of quadrangle maps. Such errors are known to
exist at the present time in a nunber of localities and eventual |y will
cause additional expenditures for the readjustnment of third-order control

and engraved quadrangl e maps.

"Wile Maj or Bowi e's paper and this discussion have been devoted to
hori zontal control surveys, practically the sane situation exists in re-
gard to levels or vertical control. The value of executing control sur-
veys of a high order of accuracy well in advance of imedi ate needs can
not, inny opinion, be too strongly enphasised. "

J. G Staack, M Am Soc. C. E.
Chi ef Topogr aphi ¢ Engi neer,
U S GCeol ogical Survey.

—— e D) e ) e =

* x *x % "A though conpetent civil engineers realized that surveys
shoul d be made with such care as to serve all needs, regardless of real
property val ues, those who provided the funds for field work were very
slow to recogni ze the economes that follow in the wake of accuracy.
Those who have been in contact with nodern devel opnent realise that ac-
curacy is the prime essential, and that carel essness, or what often
appear as conveni ent approxi mations, generally lead to financial |oss.

B % Kk kK

"During the past twenty years there has been a rapidly grow ng de-

mand by cities for triangulation control. This has been sufficient to
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warrant the organi zation of engineering firns which specialise in control
surveys for nunicipalities. Engineers engaged in |ocal practice shoul d
take advantage of the results of this public service. Local control,

li ke | ocal government, nmast be supported by | ocal people Engineering
firns engaged in the location, design, and construction of |arge under-
taki ngs, such as industrial plants, |ong bridges, and tunnels, should re-
tain engineers who are qualified to determne accurately distance and
direction prelimnary to design, and then to nake precise final |ocation

surveys.

"The engi neer who rmay consider hinself a specialist, restricting
his activities to design or construction, should be so famliar with the
theory and practice of nmodern triangulation control that he may be sat-
isfied that the distances and directions reported to himin connection
with prelimnary and final surveys are sufficiently reliable to conplete-
l'y support the work for which he may be hel d responsi ble. The training
of the civil engineer should be balanced. H's great responsibilities
relate to |l ocation, design, and construction. M. Bow e's paper reninds
us that nodern triangul ati on et hods involve no nore specialization than
is required in design and construction. He and others, who are fre-
quently asked to recommend nmen qualified to participate in control sur-
veys, realize the scarcity of talent of this sort. Surveys of the
future are to be nore exacting than those of the present. There are
nore nmen now engaged in surveys of all kinds than at any tine in the his-
tory of the country. The specifications under which they work are nore
exacting than they were at any tine in the past. M. Bow e reninds en-
gineering firns and engi neers generally that control surveys furnish
the critical data governing design, final l|ocation, and construction."

Qarence T. Johnston, M Am Soc. CE
Prof essor of Geodesy and Surveyi ng
Uni versity of M chi gan.

-, O e (} maw O e () e

* * * * "The advantage of applying phot ography to mappi ng has been
recogni zed for many years, but until recently progress has been slow due
to the limtation inposed by photographs nade fromground stations. Wth
the devel opnent of the aeropl ane and stereoscopi c net hods of deternining
differences of elevation fromaerial photographs, a newinpetus was re-
ceived; and the progress since that tine has been so rapid that the method
has, in a fewyears, established itself and will undoubtedly continue to
grow as its advantages are nore generally appreciated. The next few years
may wtness a radical change in methods of mapping, due to the general
adopti on of new phot ogr aphi ¢ nethods and instrunents only distantly re-
lated to the napping instrunents of the past."

T. P. Pendleton, M Am Soc. C E.
Chi ef Engi neer,
Brock and Wynout h, Engi neers.
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WORKI NG W THOUT MAPS
(FromThe Mlitary Engi neer)

The enornous increase in the use of the autonobile and the airpl ane
inrecent years has added to the interest in nmaps. Mst of the Arerican
public became map-mnded as a result of the World War. (ne sel dom goes
nore than a fewniles fromhis home without taking al ong a map show ng
his route of travel, objective and salient points along the way.

VW are extending our highway systemat a rapid rate, existing high-
ways are being inproved, power lines are run |ike a spider web over the
country. Mich of this work has to be done w thout an accurate or com
pl ete know edge of the terrain, such as can be furnished by the nodern

t opogr aphi ¢ map.

The drought during the past year has enphasized the inportance of
the fresh water carried in rivers and streans and held in the ground.
Wl s and streans have beconme dry. Sonme dans constructed for irrigation
have no water back of them Villages and cities have suffered fromcur-
tailed water supply. These settlenments ook with anxiety to their
future growth and the necessity of securing increased water supply. The
water situation is a serious one. It is a problemof first magnitude
and it can be solved by the city, village, or individual farmonly by an
accurate know edge of the terrain which is given only by the topographic

map.

Wher ever practicabl e, engineers are using topographi c maps of the
Federal Governnent to plan the location and construction of their proj-
ects. Were these naps are not available and, sad to say, this is true
for the greater portion of the country, the engi neers depend on sone
nmakeshi ft map, or they go to great expense to have adequate maps nade.

It is a wasteful process for each engineer working in an area to have to
nmake a map for his particular job. The same area nay thus be mapped a
dozen times, for the work of one engineer is not available to the others.

If the federal map were conpleted for any particular area it could
be used by scores of individuals or agencies, thus saving | arge anounts
of noney. The nmap users are waiting patiently for its conpletion.
Surely this is a project of major inportance although not one that re-
qui res an enormous expenditure of public funds. Probably from
$60, 000, 000 to $75, 000, 000 woul d conpl ete the topographi c mappi ng of the
country. This noney shoul d be nade available as rapidly as the funds
can be economically enployed. At the present rate of progress the map
will not be conpleted within one hundred years. It shoul d be conpl et ed
inthe next fifteen or twenty years and it will be if its great inport-
ance as an aid to industry and as a means of elimnating waste becones

general |y recogni zed.
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UNFORTUNATE ACC DENT TO PARTY ON THE SH P FATHOMER

(Fromthe report of Lieutenant (j.g.) E R MCarthy on the acci-
dental drowning, on Qctober 11, 1931, of three nmenbers of the crow of
t he FATHOVER attached to a sub-party under his charge while engaged on
surveys on the sout hwest coast of Palawan Island, P. 1.)

* * x * Bafore daylight on the 17th the wi nd died down and the sky
cleared to the southward about 6:00 A M so it was decided to run to the
ship at Sepangow Bay to report on progress and to obtain provisions for
the fol | owi ng week, stopping en route to add a target to Station Fish and
to put cloth on the tripod at Station Isle. The nmen were given their
choice of returningto the ship or remaining in canp. Those who deci ded
to returnwere Oispin Al andruque, Santiago Longal ong, Gonsal o Senitara,
Dom ngo Nual | a, Dom ngo Rangasaj o and Marci ano Kasupanan.

The party left canp at 8:00 A M, the launch towing the skiff, and
arrived at Station Fish on the reef at the nmouth of the Arapitan R ver
about 10:00. The launch sounded its way in as the water was extrermely
nmuddy due to the discharge fromthe river (it was about |owtide) and
anchored in two fathons about one hundred fifty neters west of the sig-
nal at what was thought to be edge of the nud bank. There was a |ight
breeze fromthe southwest and small seas.

The skiff with Gispin Al andruque, Gonsal o Senitara, Dom ngo Nuall a,
Dom ngo Rangasaj o and nysel f left the launch and rowed into the signal.
O arriving there it was noticed that it had cl ouded up to the sout hwest,
and so instead of building the target, the poles which had been cut at
canp were left here and the skiff put back for the launch, with the four

nmen r ow ng.

About one third of the way back a brief flurry of rain and w nd was
nmet but the skiff took no water and the flurry passed quickly. About
hal f of the way back another flurry came and passed and the wi nd in-
creased. The skiff shortly after began to take in water faster than it
could be bailed out so the boat was turned around and headed for the
reef tothe north - the |launch was nearer but the reef coul d be reached
nore quickly as the wind woul d be astern. Two nen were row ng and two

bai I i ng.

About half way to the reef three or four short waves hi gher than the
ot hers canme over the stern in succession, the water in the boat surged
and it swanped, going down bow first at a sharp angle.

The nen were left inthe water. Wen | first noticed matters,
Al andruque was | eading toward t he signal and was already sone di stance
away. Senitara, Nualla, and nyself were floating, expectingthe skiff to
cone to t he surface; Rangasaj o coul d not be seen. Nualla and Al andruque
had oars and one was floating nearby, which | pushed over to Senitara.
The skiff renai ned on the bottomso | waved to the | aunch and had j ust
begun to take off ny shirt and trousers, as they were becomng very heavy
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when | heard three shouts fromthe direction of the reef seemngly sone
di stance away (Nualla said later that this was Rangasaj o, who went down
imredi ately afterward). | had considerable trouble renmoving ny cl ot hes
and went bel owthe surface a nunber of times. Upon comng up, Senitara
was gone, Al andruque was still going toward the signal and Nual | a was
floating easily, so | started to swmfor the reef, which | barely reach-
ed. Upon getting to ny feet, | could see Nualla conmng in about twenty
yards away and no sign of A andruque. The launch arrived then and | was
haul ed aboard and went out in the area where t he skiff swanped. Not hi ng
coul d be seen of clothes or any floating objects so the | aunch went back
to the reef to pick up Nualla and went aground in doing so (this was about
10: 25). It rermained aground until three Mros arrived in a banca an hour
later and carried out the anchor, after which the |aunch was pul |l ed of f.
| dived a fewtimes about where the accident occurred and dragged in the
vicinity wwth aweight on a large fish hook for about twenty m nutes, but
coul d find not hi ng.

It was now nore than an hour and a half since the nen were drowned
and as nothing further coul d be done and t he chances of |ocating the
bodi es was rather snall, since thew nd had picked up and t he banca,
whi ch was | arge and heavy and unstabl e, coul d not be used, a note was
sent to canp by the Mros informng the nen there of the accident and in-
structing themto | ook for the bodies while the launch ran to the ship.

The launch got into Marasi Bay, and since wind and sea were grad-
ually increasing, it could not get out and renained there the 17th and
18th. On the 19th, after an unsuccessful attenpt to go to the ship, we
succeeded in returning to canp. On the way, the body of Senitara was
pi cked up of f shore, taken aboard and buri ed near canp.

The weat her cleared on the 20th but with a heavy sea running. The
afternoon was spent in fruitlessly searching for the bodies.

On the 21st a Moro reported a body found in the mangrove, but it
coul d not be reached until high tide the next day as the nmud was too
deep to wade there, the water too shoal for the |aunch and no snall
boats available. The launch returned to the ship on this day with the
renai nder of the party.

The wind at the time of the accident was no stronger than it had
been many times during the preceding two weeks when t he skiff was used
in signal building and the area was partially sheltered by the point a
mle to the southward so t he waves were not high. Al the nmen could
swim although thefailure to renove their clothing probably pulled them
down, as Nualla and nyself succeeded in renoving part of ours. The boat
swanped - as close as could be estinmated - about 50 neters off the reef.
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