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USE OF GEODETIC CONTROL FOR CITY SURVEYS. 

By HUGH C. MITOHELL, hfathhnnntin‘en, U. S. Const and Ueodetic Survey. 

INTRODUCTION. 
While the use of geodetic control and methods by the cities of this 

country has grown vory slowly in favor with city oiigineerin of- 

toward the ideal of precise and comprehensive surveys for all city 
planning work. The object of this publication is to resent to mu- 

f e  utilizcd and to suggest the use of geo otic methods to other en- 
gineers. 

A recognition of the value and of the need of the precise city 
survoy is thus clearly stated by a recent writer on municipal engi- 
neering : 

A t  wmo timo in  the life of a city a careful, comprehensive, preciso survey of the 
entiro city sliould bo made, and the oarlie; tl” is done the low trouble to property 
owners, city cn@nocrs, and all concornod *. Unlimitod trouble is c a w d  by 
incombbncios in tho survoys of neighboring trracta, by undiecovered errors, nnd other 
conditions know!or unknown which can bo dlscovored and rectified only by D precise 
survey of tho ontuo city. This should be a complote survey of undeveloped aa well 
DB devolopod WF, whch will not on1 check and connect up P ~ O V ~ O U S  surveys but 
furnish informahon on which to base Lture city planning. 

This need has been expressod in another way in the report of the 
planning commission of one of our *eastern cities.2 In  connection 
with the roviow of subdivision plans it was statod: 

,Tho enginoor in the Cit  Plan C o m M o n ’ e  office becomea familiar, i f  he is not 
already, with tho to ogapkxd  features of the land pro@ for subdivision, even if 
necessary malung a Plurriod survey. 

In  (I apor3 rend boforo the Institution of Survoyors in Sydney, 

dimontkns re u h  a standard surve i f  ita public ~ e w -  

Perhaps the most notublo examplo in recent yoafs of recognition 
of the relationship botwoen the cit plan and precise surveys is in 

Commonwealth of Australia, and the enactment of the Seat o overn- 
inent act of 1908 brought into existence a new capital cit , Canberra, 

istration plans called for a department of surveys, m t h  triangulation 
nnd topographical branches. 

ficials, yet that growth has been sufficient to indicate a strong ten b: ency 

nici pl engineers a comprehensive report on the met R ods by which 
eo B otic control, already covering a largo ortion of our country,can 9 

N. S. 9, nino 

f%Of the 
Australia, where the formation, ear T y in the present centur 

which started with a precise topographic survey and w x ose admin- 

go, it was statod: 

and methodidlly adminisbred, * *. 

1 Municipal Englneorlng PrncIIco, by A. Prascott Fdwdl, p. 216. 
1 Ro ort of Clty Plannh Commission Syracuse N. Y 1919 p. 30. 
* t t N % ~  on n r o  wcd x&endord 8urv~y for t3ydr;er,t1 b$ T. 6. Wilson, Jr., ~ubIL9l1od in Tho SurvoyoT, 

Sydney, N. tl. d., fun, 30,1913. 

1 



2 U. S. COAST A N D  GEODJCTIC SURVEY. 

The survuy, whom obligation i t  i to extend tho precise leveling net over the country 
for the UBC of Fcderal, Sbte, city, and other engineering, surveying, and mapping 
work, fech that the expressions of o inion of the leading engineers of tho country point 
to only one con(-lusion. This ia t iat  the Federal Government should provlde the 
funtlumental elovatio~i~ in sufficient number that the varioufl Federal engineering and 
surveying ormriizations and tho smaller politicul units Awh tw States, countia, and 
citien, aa well aa private orpiizations and individunls, may have available funda- 
mentill olovatioiiR lipon whwh to stnrt leveling, precke or otherwise, for detailed 
operations. 

The ndoption of mean S C ~ L  level ns the datum for all city levels does 
two things: I t  serves first to correlate all elevations of the different 
city orgtmizntions and subdivisions on ono permanent datum and 
second to coordinate these elevations with tho elevations of outside 

and State highway commissions. 

city has all its elevations on a single but arbitrary datum the railronds 
entering i t  may be using a different datum, and the chances of error 
in lunning improvements would be very great. 

+he same conditions which make desirable the uso of standard 
geodetic control for vertical surveys obtain with regard to horizontal 
surveys. A careful consideration of the situation must convince the 
en ineer that ho can not pro erly relate tho surveys of various portions 

unless those surveys arc standardized in form and are coordinated by 
unified geodetic control. 
comprehensivo undertaking reaching to far parts of tho map wil  
suffur, both in planning and in execution. 

Tho necessity for this correlution and coordination is well illustrated 
in the work of the U. S. Coast and Geodetic Survey. In  tho beginning 
many dotached pieces of triangulation wcro executed independent in 
geographic position, orientation, and length control, but, in so far as 
was feusible, standard m measures of length and methods of obser- 
vation. As these various pieces of work wore expanded th?y touched 
and there developed discrepancies in length, latitude, longltude, and 
azimuth. The discrepancies in position and azimuth were to be ex- 
pected as each ,se arato survey had entering directly into it the effects 
of the local do ections of the lvmb line. The discrepancies in 
length were usually well within a1 owablo limits of error und required 

organizations which operate partiall within the city, such as 

datum does not exist great confusion must result. 
h e r o  this correlation 

Even 

of a is territory, nor pluce t K em in their true positions on any map, 

r As a result of lack pf coordination, an 

P B 



GEODETIC CONTROL FOR CITY SURVEYS. 3 

datum not only for the work of the United States surveying bureaus 
but also for the geodetic work of the Canadian and Mexican Govern- 
ments. It was adopted in 1901 by the U. s. Coast and Geodetic 
Survey under the nnme of the Unltcd States standard datum, but 
this name was chan ed in 1913 to that of the North American datum, 

it an internntionul character. 'rho engineer using the publications 
of the U. S. Coast and Gepdetic Survey should therefore keep in mind 
that the geogrn hic positions based on the Uxiited States standard 

can datum. 
A geodetic datum is best defined in terms of the latitude and longi- 

tude of a given point and the azimuth of a line from that point as 
computed on an adoptcd spheroid of reference. A station may then 
bo said to be on that datum when its position and the azimuths from 
it are derived by computation through a continuous triangulation 
from tho osition nnd azimuth givcn in the definition, using the 

!&e North American datum has been defined in terms of the 
latitude and longitude of tho triangulation stn!ion M e d e s  Ranch in 
Kansas and an azimuth Erom that sttttion as follows: Latitude, 39' 
13' 28!686; longitude, 98' 32' 30P506; azimuth to Waldo, 75' 28' 
14?52. Points may then be said to bo on the North American datum 
when they are connected with the station Meades Rand  by con- 
tinubus triangulation through which the corres ondin latitudes, 

of 1866 as expressed in meteiB, starting from the above data. 
As shown on tho map (p. 76) great arcs of tritingulation, all based 

on the single datum, now form a vast network over this country. 
This triangulation is being expanded rapidly and it is expected that 
before inany years it will be within 50 miles of every point in the 
United States. Supplemon tin this triangulation and attnining a 

expensive to carry on triangulntioti owing to tho necessity of having 
high signals to eluvate the survepng instruments above mtorvening 
obstructions. 

The vdue of having all precise horizontal control on one datum 
must be apparent at n glance. For the purposes of a national survey 
it wm necessary that there be a connection between the charts on 
the Atlantic and Pacific coasts, and the first geodetic surveys mada 
in the interior of the country were for the purpose of establishin 

on the same datum as the national surveys, and if county and city 
surveys are to pro erly aid in State rojects, they too must be on 

ties aro largo public arid somipublic undcrtukings, such as railroads, 

when its adoption i? y the Mexican and Cnnndian Governments gave 

datum are exact P y coordinute with those based on the North Amori- 

ado ted sp K croid of reference. 

longitudes, and azimuths have been computed on t R %  e Clar e spheroid 

corres ondin accuracy, lines o f precise traverse are used to curry the 
contro P .  into 8 a t  and wooded country wliero it would be excessively 

that connection. If intorstate mrve s are to be properly correlate 8 
and interstate work well planned, t K en the State surveys must be 

tho same dtltum. %inding together t R e work of the cities and coun- 
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highways canals, and river improvements, which demand, for 
best resuits, that they be planned on coordinate data. Just as 
surely as the only datum for elevations which will serve every use 
is the sea-level datum, so for horizontal surve s the only datum on 
which the work can be ropcrly coordinated P or any extensive un- 
dertakin is the North 1 merican datum. 

It mig a t be further noted that for general militar pur oses and 

corporations comprehensive maps of P arge areas are o ten re uired 

ically made if the separate maps used are not o n y  s standard in 

always feel free to write to this office of any special pro B lems that are 

for the use of Federal engineering or anizations a n i  pub&c-service 

in a minimum of time. Such maps are necessarily made large y by 
compilation. This compilation is most easily, quickl , and econom- 

their elements but are also on the same horizontal and vertical data. 
I t  is hoped that this publication may grow in value through use 

and the evolution which a technical manual in use always undergoes. 
For this reason i t  is desired that the engineer makin use of it will 

incornpletcly covered herein and to offer any suggestions which he 
feels would tend to make later editions of ths  report more useful. 

Acknowledgment is here made of the help received in the 
preparation of this publication from various members of the divi- 
sion of geodesy. Many valuable suggestions and he1 ful criticisms 
have been received from William Bowie chief of tho Jvision; C. V. 
Hodgson, assistant chief; W. F. Reynolds, chief eodetic mathoma- 
tician; H. G .  Avers, C. A. Mourhess, and C. 9 1. Swick, mathe- 
maticians, all of the division of geodesy, U. S. Coast and Geodetic 
Survey; and from R. W. Ashmun, chief computer of the International 
Boundary Commission. 

A number of ublications have been consulted freely and quoted 

uotations. There are, however, in the publications of the U. S. 
8oast and Geodetic Survey a number of descri tions and definitions 
which have, t h o u  h repetition, become stanc P ardized. It has not 

they may have been used without quotation marks. 

P 

from occasionaly. P 
always been possib 7 e to credit such paragraphs and in some cases 

Effort has been made to properly credit such 



PaA I.-USES OF GEODETIC METHODS AND CONTROL. 
QUE STIONNPLIRE. 

For the purpose of determining to what extent the cities of our 
countrSi are making use of geodetic methods and control the follbwing 
questionnaire was sent out early in December, 1921, to the city 
engineers of all cities of more than 10,000 population, and to a group 
of other engineers who were known to be engaged or interested in 
municipal engineering. This questionnaire ‘was designed also to 
discover, as far as possible, the requirements of the dlffeqent cities 
in precise survey work. It was mailed to 897 engineers throughout 
the country; 223 replies were received. 
1. Are you using geodetic methods in an of your city survey work? 
2. L any of your city survey work beingiaaed on geodetic control? 
3. If so, what constitutes this control? And how and when waa it executed? 
4. What are the standards of your geodetic control considered under the following 

heads? 
A .  Triangulation: 

d&blo standards for 

a Accuracy? 1 1  b Frequency and distribution of stations? 
B. Travereo: 

and distribution of stations? 

(a) Accuracy? 
(b) f i e  uency nnd distribution of bench marka? 

IT. Control for cadastml surveys. 
A. Triangulation: 

it or near it? 
8. Will you plense state any s ecial problems or solutions of problems which have come 

up i n  your practice anawhich might bo of interest and value to  city engineere 
making use of geodetic control? 

6 



6 IT. S. COASTAXD GEODETIC SURVEY. 

Twenty affirmative and 203 negative roplies were received to the 
first question; 25 affirmative and 190 negative to the second. T\, hs  re ' p  lios . to question 3 showed that only 8 citios had local 
triangdla ion or starting data 1 cit was using U. S. Lake Survey 
triangulation and 7 woro using U. E? Cpast and Geodetic Survey . Only 5 cities had used geodetic methods in running 

established by the U. S. Coast and Geodetic Survey, the U. S. Qeolog- 
ical Survey, and other organizations. 

There wore 12 replies to question 6 as to what constituted the 
staadards of tho geodotic control. A number of these replies were 
based;on experience in using surveys which had beon executed, in 
some cases, aa much as a decade ago. The city engineer of Cincinnati 
statod that the triangulation of that city,which wasexecuted in 1912 
with an avera e length of line of 4 miles,doea not satisfy the demands 

d w  York city, too, wharo t e mes are 2 to 3 milos in length, it is 
now felt that  for cadastral control a station eve mile in each 
direction is desirable, though topographic survey nee 7 s would be met 
with stations averaging 3 miles a art. The city enginoer of Detroit, 
planning extonsive S U ~ ~ O Y S ,  f ee i  that for both top0 raphic and 

direction would sufEce. Themgineers of other cities favor triangu- 
lation stations as close together as 1,000 feet. 
AB to  the accuracy of tho triangulation, Now York city, after more 

than 10 years' use of a triangulation having an accuracy of 1 part 
in 25,000 or greater, feels the need for an accuracy of 1 part in 100,000. 
The Cincinnati trian ulation, with an accuracy of 1 part in about 

level trianPion ' n q  but 27. $were basing their levels on sea-level elevations 

a F u on it, but t fl a t  l i ~ e s  avora in 2 milos in length are required. In  

cadastral surveys a tvangulation station every 3 4 es in each 

50,000, must be satis B ttctory, since 1 in 40,000 is now set as a desirable 

The engineer of one of the 
stated : 

Am in f8vor)of any method that will insure greater accuracy. 

Another engineer in an oastorn city wrote: 



GEODETIC CONTROL FOR CITY SURVEYS. 

I believe that the legialaturo ahould PIWE a law requiring all munici &tics to make 
their level and meridian data conbrm to tho U. S. Govornmopt for &o district. It 
would wonderfully make surveyin w i o r  and more accurato and elovato survoying 
to the place whore the layman wou?d have mom confidence in it. 

7 

The following came from an eminent city planning architect: ' 
I have had repeated occaaion to appreciate the advantages of adequab ieodotic 

control for city surveys and the diaadvantagea of ita absence, and have again and again 
urged its impohmce upon cities which have wneulted me. 

A consulting enoineer in munici a1 practice in ona of the southern 
States, speaking OF providing geo C Y  etic control for town and qounty 
surveys, wrote: 

The work is indeed worth while, and 1 wish that wo had mor0 frequent p i n t s .  
Perhaps one of the most pertinent statementsqmctde in any of the 

repliea received was by a topographic enginoor of wido mpcrioiico 
in themaking of accurate maps for planning purpmm: 

All the eerioue problems mlativo to surveys t h a t p p l e x  tho city eriginoor have 
their origin either in the diversity of data used a t  & eront tirnoa, or evon during the 
same poricd, or the lack of standard!zing the tapes, with tlia'conso uont different 
tape lengths ueed over different ponod8, and last but not lwt thejack of propx 
geodetic control to prevent the accrimulation of errom and pormit tho coordination 
of the vanouafragmentalaurveys. If the different cities will got on a sea-love1 datum, 
keep their tapes standardizud, and tio into and UEO jpodetic methods and the control 
available then indeed tho way of tho surveyor would be easy, and the burdon on the 
taxpayor's pockotbook considerably lightened. 

OEODETIC SUltVEY.9 OF NEW YOR1C AND CINCINNATI. 

I t  may be of interest and of some vdiie to most city engineels to 
give here a more complete statement of the S U ~ V O ~  of .New York 
and of Cincinnati, already referred to, since these constitute, two 
notable attempts on the part of city officials to secure comprehensive 
and accurate .aurvoys. 

The geodotic survey of Greater New York may be taken as being 
more nearly standard than any other city survey mado in this country. 
The triangultttion was oxecutod under a cooperativo agreement 
whereby the U. S. Coast and Geodetic Survey planned and supervisad 
the survey, usin0 personnel ,from tho city engineer's office. The 
computation of tb.resu1t.s was made by the force of the computing 
division (now division of eodcsy) af the Wr+ington office of 'the 

were those of the precise work of this bureau. Tho following statis- 
tics give a comprehensive view ot the triangulation: 
Work commenced in May, 1903, and final computations completed in Decembc, 

Number of inta determined.. ............................................. 183 
Total coat o p" tnan ulation about $73,090, or per point.. ...................... $400 
Average cloeure ofthe 168 triangles in main scheme. ........................ 2Y72 
Average cIoeure of the 867 triangles embraced in ontiro scheme.. ............. 3%3 

1 Y 4 2  
Aversgo correction to the 816 direction8 observed with the repeatbg theodolite. 1C87 

Attention is called to the difference in size'of tho corrections to 
observed directions using the two differont" ty ed of mstrunibnt. 

building where the instability of the instrument 8,upport precluded 
the use of the direction theodolite, an? p suchlochtibns were nrqturally 
most common in tho built-up sections of the City, the difficulfiee 

U. S. Coast andGeodetic 8 urvey. The standards used throughout 

1908. 

Average correction th the 686 directions observed with'direction theddolite.. .. 

The repeating theodolite was used in places suc 7l ' [ts the robf df a 
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due to smoke, gases, hobair vents, and lines grazin5 various struc- 
tures were natural1 greater than in the outlying sections of the city, 

John F. Hayford stated in the Report on the Triangulation of Greater 
New York (p. 438): 

In .  eneral, then, the observations with re eatin thoodolites were made under 
the d&cult conditions neccsanly encounterec!iq m h n g  a t r im dat ion in a thickly 
settled metropolitan diatrict, and the observations with the %roction thoodolito 
were made under conditions intermediate between these d i5cul t  city conditions and 
the conditions which are ordinarily encountored in the open count in the primary 
triangulation of the C o a t  and Geodetic Survey and which am relativry very favorable 
to the attainment of a high degree of accuracy. 

I n  1912 the writer was called to Cincinnati to plan and execute a 
geodetic and top0 aphic survey of that city under somewhat dif- 

York survey. Tho immediate need of the city was for an accurato 
topogra hic survoy to serve as a basis for extensive sewer planning, 
but wit1 rare forethou ht, K. M. Waita, the chief enginoer of tho 
Department of Public fvorks, sought a ma which would serve for 

f e  made available as speedily as possible for tho sewer planning 
engineers and that the survey be completed, if possible, within less 
than two years. The survey was stwted late in April, 1912, and by 
the end of 1913 all work was completed, and the finished sheets of 
tho survey were in the hands of the engraver with th$r reproduction 
fully contracted for. 

Work wtp~ commenced in May, 1912, and all field work complekd in that calendar 

Average cloaure of a triangle. .............................................. E 7 6  
Avera e correction to 84 primary observed directions. ...................... p!%4 

Total coet $5,325.92, or per prlmary point .................................. $264 

where towers coul d7 be built and the direction theodolite used. Dr. 

ferent conditions Y rom those which obtained in making the New 

eneral city planning as well. It was hig 1 ly desirable that data 

Some statistics for the Cincinnati triangulation follow: 

year. The office computations were completed during tho next year. 

Probahe error of an observed diroction ..................................... W97 

PURPOSE OF THE GEODETIC SURVEY. 

A geodetic survey may serve as a bapis for a number of different 
operations in the city. It may furnish control for an accurate 
cadastral survey, a topographic survey, an underground survey, and 
for less general surveys, such as for tunnels and harbors. Outside 
the city it ma serve as a basis for 

of land surveys. It may be 
road surveys, 9 and subdivision, 

u oses. Some of these various 
geyrinefly discussed in the following pages. 

OADABTRAL SURVEY. 

A cadastral survey may be considered aa made up of two parts or 
operations: (a) "he surveying and mapping of the territory under 
consideration on a,scale and with an accuracy, de ending on local 
conditions, which will enable the engineer to 2 etermine within 
required limits of accuracy the exact location and arm of the land 
contained in a given parcel; and (b )  the official va1u.b of the land 
for governmental ur oscs. In this publication we s B all be con- 
cerped with only t f e  &st operation. 
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Up to tho prcsent time, in this country u t  least, the usc of gcodctic 
control for cadnstral urposes litis been limited to a very few instances. 
In tho carlier days o P civilization, when land hnd compnrutivcl s m d  
valuo and the need for precise methods of inensurement c$d not 
exist, crude mothods were nnturnlly used. But as lnnd has ndvnnccd 
in valuc! thc need for more nnd morc nccurate surveys has devclopcd. 
In  many cases litigation has nrisen through the destruction of 
pro erty bounds which wcro sat by npproxiniate survey methods 

instances it has been found expedient to lcgnyizo crroneous data in 
order to avoid endless legal controvcrsy. For cxamplc, in Pittsburgh, 
rnnn wns used in city survcy work whit% was later found to bc too lone. This h i r  wns mndc n lcgal 
stnndard for its nominnl lcngth, so h i t  now in sonic lot survcys a 
tape nominnlly 100 fcct in lcngth must hnvc t i  stnndurd Irngth of 100.1 
feet. 

In the paper referred to on pngc 1, in the discussion.of the func- 
tions which a proposed stundnrd survoy of Sydncy would fulfill, is 
the statement: 

To my mind tho fimt and most important (function) is thnt of being a survey of 
record for land titles, and by n systom of permanent marking arid estublishment of 
munimenki to give a sottld and unchallcngcnblc bwis for tho delimitation of bound- 
aric0. 

That tho liability to destruction of lnnd nionuments wns recogiiizcd 
cven by the ancicnts is indicated by thc followin passuges from tho 

in London in 1688: 
But Nocmit being tho Mo+or of Invontion) we find the Egyptians by reason of 

tho h+jL over-dkm whch either washod awny nll tlioir Bound-Marks, or csovcrod 
them over with mud, krought this hleasuring of I m i d  iiito an Art, and Ifonourcd much 
tho Professors of it. . 

From Egypt, this Art W M  brought into Grecce by !fhaks, arid waa for a long timo 
called U r n t r y ;  but that bcing too comprohoneive a nnmo for the Monsurntion of u 
superficies only, i t  w n ~  sftorwards called Gcodacsin; * * *. 

I t  is confidcntly believcd that gcodctic control will become inore 
and morc used for cndastral surveys tis its value becomcs reccpizod. 
There is but one point a t  the intersoction of any given meridian and 
any given parallcl on the. earth's surface. The intersoction of a 
geodetic parallel and meridian can bo accurately determined by 
astronomic obsorvations only wlicro the deflection of tho vertical is 
known. Since it is also wholly impracticable to dctcrmine by 
astronomic mcasures tho position of cnch cndastrd monumcnt de- 
sired, these positions must bo dotermincd by gcodctic methods and 
referred to a geodetic datum. From the definition of it  gcodotic 
datum (p. 3) we know that tho points to bo determinod must bo 
connected through trian ulation with points alrecidy established on 

on eodetlc datum depcnds primarily upon two things-the num- 
ber of triangulation Ggures betwoen tlic now stiition and tho stntion 
d e h i n  the eodetio datum and the ciccurncy of tho trinngulation 
throug % 4  whic 1 the connection is made. 

The accuracy with which a point which has been dcterniinod by 
geodetic methods from goodotic control can bo rcplacod when lost 

an cp which, therefore, could not bo nccurntel rclocatcd. In some 

yenrs ago, n mcasiiring bnr 

prefnce of Geodaosia or the Art of Surveying, by J o  T in Love, published 

that datum.. How close F y wc may estnblish the position of a station 

- ----I- 

4 See Eugheerlng News, Dec. '21,1911, p. 734. 
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is ono of the fundamental reasons for the use of eodetic qontrol for 

determined by geodetic methods, many of those monuments may be 
lost, but if there remain two undisturbed control points, then all the 
lost points may be restored therefrom with an accurac that will 

%e noted hero that while it is stated above that two undisturbed 
control points are required, i t  is absolutely unsafe to trust to two 

In all cases a check on the recovery should 
!e secured by the recovery and uso of at  least throe of tho original 
control stations. (See p. 47.) 

cadastral surveys. Where a city has its ca f astral monuments 

onerally meet tho most rigid cadastral requirements. 9 t may well 

oints for this purpose. 

TOPOGRAPHIC SURVEY. 

provide these fixed- 
control stations is by gcodetic methods. A topographic map which 
is based on geodetic control can bo mado accurate, reliable, and 
satisfactory in every wa . 
is that a ma may always be reduced to ono o smallerscalo, but should 

increased accurac . The cnlargement of the scale of a map does not 

trome case which was noted some years a o. The en ineer of one 

which to make hi hway plans. He replied that he simply took tho 
mile-to-the-inch lkderal survey maps, had them photographed up 
to a scale of 1 to 2,400, and that he then had a map on which he 
could easily make any plans. 

In this publication wo will consider the geodetic control required 
for the more accurate classes of surveys, assuming that the engineer 
whose re uirements aro not so rigid may easily prepare thorefrom 

F A fundamental princip s e in the use of ma s, that is often ignored 

naver be en P arged and used as if tho new or enlarged scalo were of 

of itself increase t K e accuracy. Attention may bo called to an ox- 

of our most populous counties was asked w 5 at he did f: or a map 'on 

maps of t 1 e class which he needs. 

UNDERQROUND SURVEY. 

A third typo  of city survey which is aided by accurate geodetic 
control is the underground survey. The under round 
essential to tho pro er extension of tho city plan. 4ho 
from that survey s i ould show on a scale sufficiently large to avoi 

located. This will include su F ways, tunnels, sewers1 water pipes, 

confusion all structures existing under streets and open city property 
and all public service under ound structures no matter where 

a.q mains, and telephone, telegraph and electric-light conduits. 
!n a builbup section of a city this dormation is necessary for tho 
propor maintcnaiico of tho streets and of the underground structures 
themselves, and in partly built-up areas tho information is necessary 
for planning extensions. If geodetic horizontal control has been 
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established over a city in connection with tho topographic and cadas- 
tral surveys, it  can be used also for the underground survey and the 
one control, if properly planned and executed, will thus serve all 
three detail surveys. rhe same is true in regard to the vertical 
control. 

As a specific example of the value of geodetic control for under- 
ground surveys ma bo mentioned sewer work, whore accuracy is 
very essential in mazing both the horizontal and tho vertical surveys. 
If geodetic control points have been established, traverses can be 
run between these oints, and the closure obtained will be an indox 

scale of 1 inch e uals 40 foet (1 part in 480), a scalin unit of ono- 
eightieth inch u d  represent 0.5 foot on the ground. fi the geodetic 
control has an accuracy of 1 part in 15,000 or better, there will be 
no difficulty in maintainin an accurac of the detail survey within 
the above scaling unit o B 0.5. foot. Jn case the geodetic control 
is reduced to a system of rectangular coordinates, computations 
of length and bearin of a sewer may be quickly made with an ac- 

measurement using ordinar survey mothods and all appreciable 

So, too, with preciso levo1 bench marks, supplemented by primar 
levels a minimum of leveling will be required for the sewer wor 
and there will be the assurance that no gross errors can accumulate 
through the recurronce of small systematic errors. 

A special form of tho idorground survey occurs in some of our 
larger cities where the necessity of constructing tunnols for various 
purposes sometimes arises. Lines impossible to measure directly 
ma be determined by triangulation with an accuracy commensurate 
wit i that obtained by precise trtiverse. If the geodetic control is 
computed on a rectangular system of coordinates, line stakes may 
be set in any o en place directly over tho tunnel's axis and a diroot 
connection an! check betwoen tho triangulation and tho tunnel 
ali nmont survo Tho 

surface may bo projected vertically downwards by means of a heavy 
plummet or b using the vertical collimator. 

drill hole, and this elevation referred to tho floor of the tunnel by use 
of a long wire or tape properly standardized. 

of the accuracy of t f le traverse. Where tho underground map has a 

curacy of result whic a will often exceod that to be obtained by direct 

accumulation of orrors of oit h er length or azimuth will bo prevented. 

can be made throutjh a vortical drill hole. 
dri Q 1 hole shod d be near enough vortical so that the point on the 

(See R' 24*) For vertical contro 9 a ground elevation can be obtained on t e rim of tho 

ROAD SURVEYS. 

Road surroys may bo for tho purpose of mepping a road alrendy in 
existence in connection with now construction work or relocation, 
or the may be for locating a new roud. In  either case, d tho survoys, 

resulting data and maps will be accurato an free from distortion 
and the necessary plans crtq be easily and quickly made. If desirable, 
the positions determined by the tnangultition and 'traverse inny be 
referred to roctan lar coordinntes (see p. 44) nnd the work of laying 

6: both i orizontal and vertical, are based on eodetic control, the 

out tho plans on t 8" e ground will thus be greatly simplifiod. 
1G621°-23----2 
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LAND BUBDIVISION. 

in existence; (3) the rela- 

fit the topography accurately. 

CONNECTION OF DETACHED LAND SURVEYS 

It usually happens that a survey of u city or county, or even of a 
country, proceeds in a more or less ha hazard fashion, depending on 
the exi encies in the particular case. t'hus in the survey'of a coast, 

shore-line surveys connect up the harbor surveys, anzfmdly arc9 of 
precise triangulation connect up distant parts of the shore h e .  So, 
too, in the surve of a county contemporary surveys will often be 

ound with no direct connectin link at  first. 

not only in the original surreys but in placing marks to hold them 
on the ground and in wording the description of the bounds, troublesome 
overlaps, aps, and offsets will be found and expensive litigation may 
result. &is can be avoided by the use of triangulation totie together 
in true relationship every parcel of land in the county. The use of 
plane rectangular coordinates (see p. 44), bttsed on the triangulation, 
to fix the corners of each arcel will make the work of the engineer 

depend u on a few marks reserved from some original survoy. The 
survey o f a  parcel of lan R within such an area will consist in trav- 
ersing from some accepted mark to get a start and then in the actual 
surveying of the land in question. Of these two parts tho first is 
often the major one, and much work could be saved by tho use of 
triangulation and rectangular coordinates. 

the har % ora and their approaches arc naturally map ed first, then 

a miles a art on t x e 
When t I: ese surveys gaily meet, unless unusual care as been taken 

final. It is not unusual P or tho surveys of a considerable area to 

HARBOR SURVEYS. 

In  man caaes a precise cit survey must include a survey of a 

body of water is ordinarily a simple matter, as the lines across the 
water are usually clear, but frequently the shore line is so built up vPith 

rojecting structures that it is difficult to obtain clear lines along it. 
f t  is necessary to have a clear 1i.m along one side of the river or the 

river, har i! or, or other body o 9 water. The triangulation of a small 
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other for each figure of tho triangulation, and this can often bo 
accomplished only by placing the stations closer together along tho 
shore, a rocedure which may not materially affect tho accuracy of 

tional angles will lessen the accuracy of the azimuths. This loss of 
accuracy 111 the azimuths may be obviated by carrying the uzimuth 
through longer lines across several figures of the trinngulation. 

the lengt % s carried ahead but because of tho introduction of addi- 

INDEPENDENT GEODETIC DA’lTX. 

Whoro no control points of the procise geodetic survey of the 
United States are availablo, it will still be good ractice to make 

It ma be possible, by precise astronomic work and tho use 
of goo% pdgment, to secure a datum such that when tho eodetic 

eventually, the changes incurred on the maps based on the indo end- 
ent datum will be small. As already so0n (?. 3), a geodetic & t u n  
ma be dofined in terms of the latitude and ongitude of somo point 
a n 8  an azimuth from that point. The determination of latitude 
and longitude with the necessary recision is not possible with the 

technical courses, tho required Pint com lete statement of methods 
cities, the seats of colleges 
instruments ma be borrowe 

Surve Special Pubhcation No. 14, Determination of l’imo, Longi- 

tions may be made even with the ordinary engineer’s transit by usin 
the methods given in the above publication. The U. S. Coast an 
Geodetic Survey may bo able to cooperate with the city in establish- 
in starting data. at  least it is always glad to advise in such matters. 

the resuits obtained from diroct astronomical obsorvations 
are affected by the deflection of the vertical, they require certain 
corrections before they can .be considerod as being even approximately 
on tho North American Datum. (See p. 3.) Those approximate 
corrections ma be obtained by methods which are discussod in two 

fsostnsy from Measurements in the United States” and “Supple- 
mentary Investigation in 1909 of the Figureof theEarth and Isostasy.” 
A less accurate value for these corrections may be obtained by 
estimation based on the deflection of the vertical at  surrounding 
stations, though these stations be too remote for R direct trianwla- 
tion connection. It must be ke t in mind that until the geoaotic 

lation and the sea-level datum for elevations to the vicinity of the 
city, where the city may use thom, that any other data for precis0 
surveys will be only temporary and will eventually bo changed. 
This is not said by way of discouragement, but by way of caution. 
Even if the national datum is not available, the city may execute u 
precise geodetic survey based on a proximate stqrting data, and 

on the map of the country, s t i i  its various parts will bo in truo rela- 
tion to each other and for all projects which aro integral within its 
boundaries it will give satisfaction. 

a geodetic survey of a city, althoughbasedonanin B opendent datum. 

survey o the country doos finally reach the city, as is 8ure to gh appen 

ordinary instrumental equipment o F the average city, though in some 

d observing an B computing will be founlin U. S. Coast and Geodotic 

tude, E atitude, and Azimuth. Fairly accurate azimuth determina- 

2 

ublications o 9 this bureau, entitled “Figuro of tho Earth and 

survey of the country brings the ls orth American datum for triangu- 

though the resulting map m! not ! e in exactly its true position 



Part 11.-MAKING THE SURVEY-HORIZONTAL CONTROL, 

STANDARDS OF ACCURACY. 

TOPOQRAPHIU MAP. 

Engineera have generallyl'agreed that for most citytplanning a 
to ographic map m t h  a scale of 1 inch equals 200 feet (1 to 2,400) 
w& prove satisfactory. For mapping on this scalo a triangu- 
lation with an accuracy of 1 part m 25,000 will more than satisfy 
the demands of cities of the lar est areas. The distance ,between 

traverse control should have an accuracy of 1 part in 10,000. (See 
p. 16.) The traverse lines should be about 2,500 feot a art and there 
should be a station every 1,000 feet dong tho lines. &oso specifica- 
tions are not rigid, as much depends upon the character of tho country. 
In  a steep, rough coun;try mor? tnangdation and 106s traverse 18 
advisable, since the tnangulation may .be more eady oxocuted; 
while in level flat country, the traverse lmes may be longor and the 
triangulation merely serve ,to presorve a required degree of accllraqy 
and prevent an accumulation of errors in the traverse. 

The above standards 'of accuracy will meet satisfactorily the 
planning requirementa of most cities, but not tho cadastral rpqqiret 
ments of the larger cities. Nothing is more unfortunate than.,to 
make a surve for a certain purpose and then later to condew it 
because it fai% to carry a heavler load which is imposed upon it. 
The city about to undertake accurate topographic survey should 
carefully consider whether it is not bettor to pay a little mor0 and 
secure a control which will sakisfy all domands.;upon it, rathar than 
pa for a survey of limited mea. Particular1 in tho matter of triap- 
d t i o n  tho standards adopted. should be suet that i t  will servo aa a 

%asis for all future cadast,ral work. I The character of tho equipment 
needed for rccise triangulation, the uni uo professional training 

tiom, all dictate that only oqe tnangdation of 9 f t y  &ould bo mgde 
and that, of course, should be of t e class whc  ;will servo tho mosl 
exacting demands upon it, those, of tho cadastral syvey.., ,  The 
traverse which steps down the triangulation to the moro detailed 
oporations may be of just sufficient accurpcy, to sqy.yo tho roqwod 
and immediato purpose. 

the triangulation stations shod C f  bo from 2 to 4 .miles, and the 

,, 

required for ?i irecting the work,. well tis 9 OF palm the computp- 

04DAt3TRAL @UXVEY. 

The standards of accucacy set ,up for the cadaatrd slii.vey, of a city 
of any size should take into conslderatron, the futurg growth of the 
city and future propert values. It is ,obvious1 impossiblo, there- 

New York, for instance, a need hpa,&weloped for an ayuracy of 1 
part in 100,000. Small citim c q  well be sorved witb triangulttt+oq 

fore, to establish a stan B ard of accuracy which wi ii suit, 411 cities.. In 

14 
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of an accuracy of 1 part in 25,000. Between these two values range 
the various rades of accuracy required by cities of different sizes 

from local conditions tho accuracy which it requires. 
The scalo of cadastral survey maps should be sucb that distances 

approximately correct may be easily scaled from them, dthough the 
final values in all cadastral work must be those which are derived 
from tho mathematical reduction of actual observations. The 
cadastral map on the scale designated for general city planning, 200 
feet to the inch, may have the computed data recorded on it, and 
where conditions are so complex that more space is required, such 
a map may be enlarged to two or more times its original scale and 
the data recorded thereon. In  doing this it must be remembered that 
enlarging the map does not increase its accuracy. 

The traverse which connects the triangulation with t e cadastral 
monuments should be of the same grade of accuraoy as the triangula- 
tion, Tho 'principal traverse statiom should be spaced far enough 
a m.t to avoid an unnecessary accumulation of azimuth error and 
s fodd  be placed where they wdl best serve the urposes of accuracy. 

The permanent cadastral monuments should g o placed where they 
will be most useful regardless of traverse conditions, and it must be 
remembered that since the travarse stations are to be considered 
temporary, the cadastral monumente mhst be where the 
occupied with an instrument and adjacent monuments s o d d  be 
intervkible. They may be located with the desired degree of aocuracy 
either directly from the traverse stations or from intermediate points 
on the traverse tangents. 'These intermediate points from which 
locations are to bo made should be marked in a precise and semi- 
permanent manner. In a built-up section of a city a permanent 
oadastral monument should be placed at  each street intersection, 
and It may be advisable when locating this monument to determine 
also-the position of a semi ermanent mark (as a bronze bolt sot in 

than the one on which tho permanont monument is located. 

and varying 5 and values. Each specifio city ;will have to determine 

(See 9; lo*) 

91 can be 

the sidewalk) at  each of t g e three corners of the intersection other 

ITBIDERGROUND BUEVEY. 

What has been said about the cadastral surve as to scale and 

oontrol which wdserve  the re uirements of the cadastral survey 

61PEOIFIUATIONS FOR. THE TRIANCiULATION. 

accuraof is e q u d  applicable to the undergroun il survey, and the 

willlusually satisfy the needs of B t e underground survey. 

The triangulation of .the U., S. Coast, and Geodetio Survey is ex- 
ecuted according to woll&atablished standards, which have been 
developed to secure certain specified degrees of accpoy .  It is 
therefore classifiod aocording ta 'the accuracy whlch It attains. 
Only recently tho Board of S w e  s and Maps, composed of rep- 
Seaentatives of the v4rious Fe&r ma makwg bureaus, recom- 

angulation: Preciso, primary, secondary, and tortiary. The first 
mended the following designations h- for e diffarent classes of tri- 
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three of these are, respectively, equal in accuracy to the classes 
rimar , secondary, and tertiary, as previously designated by the b. S. 8oast and Geodetic Survey. One criterion by which trian u- 

lation is 'udged is the limiting error of the length of a line usua 5 ly 
expressed as a proportional part. n u s ,  for precise triangulation 
the required accuracy is 1 part in 25,000. Thu test of accurac is 
usually obtained b com aring the length of a measured base 9 ine 
with the length o 9 P  that ine as computed through the unadjusted 
triangulation from the preceding base line. After the adjustment 
of the triangulation has been made the resulting le-ths have an 
accuracy much greater than 1 part in 25,000. T h  method of 
stating tho accuracy has one weak point; i t  fails through what is 
manifestly overstatement in the case of very short lines, and so 
in translating the accuracy of a very short line as stated proportion- 
all into a linear value due allowance for this must be made. 

Tt is believed that for cities up to 100,000 population the required 
accuracy of the triangulation should be 1 part in 25,000; for cities 
of 100,000 to 1,000,000 it should be 1 part in 50,000; and for cities. 
of over 1,000,000 it should approach 1 part in 100,000. These are not 
absolute standards. only the use of triangulation by the individual 
cities will develop &at standard for each which will be best from the 
viewpoint of economy and service. Tho traverse which locates the 
cadastral monuments should have the same accuracy as the trian- 
gulation. The accuracy of the traverse for locating stations to be 
used solely for a to ographic survey will be determined by the scale 

the proposeBsurvey is being made. As already stated the con- 
sensus of opinion of a number of engineers who mi h t  be considered 

plannin a scale of 1 inch equals 200 feet is most satisfactory. Wit$ 

half foot to the mile, is satisfactory for the traverse for topographic 
control. 

of that surve , whic R in turn will be determined by the uses for which 

as authorities in the matter is that for the gener 88 purposes of cit 

this sca 7 o an accuracy of 1 part in 10,000, or approximately one- 

FREQUENOY OF BTATIONB. 

line for theyorough of 
h of the Bronx, 2.9.miles. 

of the largest 
city the 2-mile length will be found satisfactory if the principal 
traverse, joining the triangulation to the intermediate cadastral 
monuments, is executed accordin to the general instructions for 
precise traverse given in Special 1.8 ublication No. 58 of this bureau. 



GEODETIC CONTROL FOR CITY SURVEYS. 17 

no cadastral use of 
line will be satis- 
4 miles is recom- 

For the control of a topographic surve 
the triangulation in intended, a 
factory and more economical. '1 

of a city is malung the reconnaissance or the actual se P ection of the 

mended. 
REOONNAISSANOE. 

The purpose of the survey, the required accuracy, and the frequency 
of stations having been determined, the next stap in the recise survey 

stations on the ground. ')?he reconnaissance for the triangulation 
must satisfy two general conditions: It must give the best possible 
distribution of stations to meet the needs of the ,detail surveys, and 
it must provide well-shaped figures for carrying the lengths ahead 
economically within the required standard of accuracy. A regular 
geometric arrangement of stations can be used in a flat city, but 
m a hilly city those ointa which will most easily see numorous 
subsidiary stations wfl be of greatest value. In the selection of 
stations the strength of figures must bo considered. (See p. 20.) 

BABE LINEB. 

It is good practice in reconnaissance for city triangulation to 
select the base sites first. Trim ulation should never be controlled 

possible a line of the precise triangulation net of the United States, 
or a triangle side brou ht b precise triangulation from that net, 

trolling length for the triangulation but also a geodetic atitude, 
lon itude, and azimuth. A measured base line on the o posite side 

of the oldrstations and will also furnish a means of computing the 
accurac of the lengths of the city trian 

The B ifficulties of measuring a precise ase line within the limits 
of a city are many. It is usually necessary to measure such a line 
along a street or arkway where traffic interference is a constant 

triangulation stations at  the extremities of the measured line, and 
the ends of the base must therefore be referred to stations which 
can be occupied with the theodolite. The difficulty of marking 
the tape ends with recision, the avoiding of obstacles such as treea 

are other troublesome factors encountered. 
The principal points to be considered in selecting a site for a precise 

base lino for a city triangulation are given below. 
General locatbn.-A base can be measured with the required 

degree of accuracy wherever the grade of any 50-m. tape length does 
not excoed 10 er cent, and narrow valleys and ravines less than 

ment. The length of the base line should not be less than 2 km. or 
1) miles. Sometimes it is necessary to introduce an angle into the 
measured line, but this can be done without undue loss of accuracy 
if the angle is measured in the same manner as an an le of precise 

tion care should be taken to have as wefshaped figures as possible, 

by a single base line. There s E ould be at  least two. Wherever 

should be usod as one0 K g  the ases? as it  will furnish not onl a con- 

of $0 cit from this control line will offord a check on t K e recovery 

and troublesome P actor. Ordinarily i t  will be impossible to have 

and lamp-posts, an a the carrying of theline across intersecting streeta 

P 

Pation 

60 m. wide in t R e direction of the base are not obstacles to measure- 

traverse. In  each base net for connectin tho base to t % e triangula- 
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r 
Trasc interference.-Tra rR c interference can be controlled to a 

and Geodetic 5 urvey i t  has 5 l  een found when running through a city 

na& can be driven and the marks 

avement and marking t Tl ereon with a hard pencil. A finer line can 

remain in place f or several days. 

line is quite short t I: an on arcs in open country whero economical 

ever, an expunsion figure is nco f od to brin the short length of the 

of the measured line are not coincident with the triangu K ation stations, 

the value of R,. bein kept well below what is allowable for a fi 

net should be so selected, if ossib e, that all lines may be observed. 

degree during the making of the measures by the use of traffic police 
or extra men in the party. Often the question of traffic interference 
may be solved by making the measures at some particular time of 
the day or ni ht. In  the recise traverse work of the U. S. Coast 

that the tape measurements are most easip made in the street 1 or 2 
feet from the curb. 

of the main triangu P ation. (See r. 20.) The stations of the me 

Harking tape station~.-I~ 
stri s on top on which to 

the precise traverse work of the U. S. Coast and Geodetic Survey a 
most satisfactory tape station has been made on smoothly paved 
streeta by placing a stri of ordinaiy adhesive tape on the cleaned 

!e made by usin a knife or other sharp point. Such a mark will 

. Connection of the base line With the t&nguzatiOn.-The simplest 
condition arises where a line of the main scheme of triangulation 
can be measured as a base. This can seldom be done, although it 
is more likely to be ossible in city triangulation where the standard 

progress demands a longer arera e length of line. More often, how- 

measured base up to  the standard length a opted for the triangula- 
tion. If the ends 

the connection can sometimes be made through a very flat quad- 
rilateral. In  the triangulation of Cincinnati the base line nominally 
extended from a station on the tower of a high-school building to 
a station on the roof of another school building, and the measured 
line was in the street below. In the flat quadrilateral through which 
the connection wa8 made between the twoJinoa the strength of fi ure 
was R, -0 (see p. 20), and there was therefore no appreciable 5 oss 
of accuracy. 

Frequency of base linee.-A0 stated on page 39, the accuracy of the 
lengths ,of a triangulation may be controlled b proper distribution 
of base lha. Where 
together, so that the ggh accuracy' attained in their measurement 
may not be lost by bemg carried through too many triangulation 
fi ures. Where the accuracy desired is 1 part in 26,000 the value 

Where a triangdntion has been executed and the accuracy has been 
found to fall below that desired, the introduction of an intermediate 
base will materially increase the accuracy of the results. 

% 
This expansion figure must be kept very stron . 

oat accuracy is requiro (9 bases must be close 

o B ZR, between base linea (see p. 20) should not exceed 100. 

TRIANQULATION. 

Selection of stutiom-The 
stations for the main scheme 
of the triangulation figures 

the selection of the 
th of line, the shape 
strength, the inter- 
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STATUTE MILES 
I ' ' ' ~ ' ' * ' ' ~ ~ ~ ' ' '  
0 I 
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visibility of the stations, the freedom of the proposed lines of sight 
from horizontal refraction, and the control which the stations aro 
re uired to furnish the subsidiary s w e  s. 

and 93 are given general instructions for reconnaissance for preciso 
triangulation to meet the standards established by this bureau. 
These instructions are designed for an arc of triangulation where 
progress in length is sought. In the triangulation of a city the 
progress must be in area, and the accuracy must be maintained in 
every direction. The instructions above referred to, modified to 
meet this different condition, are given below. 

between base 

I n  U. S. Coast and Geodetic Survey B pecial Publications Nos. 19 

or building. 

formula 
Strength offigures.-The strength of figure R is computed by the 

D- C R=-ij-Z[6~' 6 ~ 6 ~  + 6f, 
in which D is tho number of directions observed, Cis tho number of 
conditions which must be satisfied in an ad'ustment of tho trian- 

to one second for the distance angles A and B, respoctively. Tho 
distanco angles in each triangle are the angles opposite the known 
side and the side sought. In  any quadrilateral or central point figure 
there are two ways of computmg tho side sou ht from the known 
side, accordin to what triangles are used. The% through the best- 

In  an ono figure of precise triangulation R, must not excoed 10 in 

The values of R, and R, may be determined as follows: 
In the formula stated above tho two terms -- - and [6A2 + 6*6" + 6,4 

depend entirely on the figures chosen and are independent of 
the accuracy with which the angles are measured. The product of 
these two quantities is therefore a measure of the stren th of the 
figures with respect to length, in so far as the strength ckpends on 
the selection of stations and of lines to be observed. 

In  the following table the values tabulated are 
The unit is one in the sixth place of logarithms. Tho two argu- 

menta given are tho distance an les in degrees, the smaller distance 

gulation, and and 6u are the logarithmic di B orencos corresponding 

shaped triang P es is called R, and through the next best IS callod 8,. 

the sixt K place of logarithms and R must not excoed 20. 

D- C 
D 

-k + 6$]. 

an le being given a t  the to  of t % e table. 
!he strength table shod 0 be used in connection with tho value of 

to decide during tho progress of reconnaissance which of 
several possible figures is tho strongest, pnd whether a sufficiently 
strong scheme for the triangulation IB being secured. The value of 
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STATUTE MILES 
1 . 1 ' '  I I I 
1 0 1  2 3 

, 

Fie. Z.--Dwe lines connected by trlsngulstlon. 
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the quantity for any figure may bo readily computed if it is 
remembered that the starting lino is considered 89 fixed nnd is there- 
fore not included in the count for D. The followin.. list of values 
of this quantity for the simpler figures may bo founaconvonient: 

For a complotod quadrilateral ........................ ... ---- 1 ; ; 4 - ~ . ~ ~  

For a threeaidod central point figure.. . -. . . .--. . . . . . . . . -. . 10-4=0.~0 
10 

For a fouraided central point figuro.. . -. . . . . . . . . . . . . . . . . . ';i5-o.64 _._- 

18 - G- 
--0.67 18 For a fivo-aided contra1 point figuro.. . . . . . . . -. . . . . . . . . . . . . 

0.68 
-. 22-7- 

22 

l G  

For a sixkded central point figuro.. . . . . . . . . . . . . . . . . . . . . . 
For a four-sidod central point figuro, with ono diagonal also 16-7 

obervod ......_..............___................_...-... - -=0.56' 

- _  -_ 
22' 24' 28' 2 

81 
81 74 

BR 61 68 
83 57 61 

69 b.3 48 
62 45 41 

43 37 32 

3O 34 28 

36 30 25 
38 28 24 

32 27 23 
30 26 21 
29 24 20 
28 2a 10 

27 22 18 

28 22 18 
26 21 17 
25 20 17 
24 10 10 

23 18 16 
23 I8 16 
22 18 14 
21 17 14 

21 17 14 
20 17 1 4  
21 17 16 
21 18 15 

22 10 17 
23 21 18 

74 e7 e1 

47 4 1  3n 

37 32 n 

t 

4 
3 
2 
2 

2 
2 
I 
1 

I 
1 
I 
1 

I 

1 
1 
1 
1 

I 
I 
1 
I 

1 
1 
I 
1 

- 
w'r 1 - .  

6 
4 
4 

3 
2 
2 
2 

1 

1 
1 
1 
1 

1 
1 

C 
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Lateral refraction.-Nothing is more apt to cause lafg? triangle 
closures than lateral refraction, and nowhere are conditions more 
productive of lateral refraction than in the vicinity of a modern city. 
A line of sight passing close to a heated structure, such as an active 
chimney or a hot-air vent, will have a lateral bend in it, and where 
the cause of the refraction is close to the point of observation this 
bendin can assume very large angular proportions. Much de ends 

line is affected by lateral refraction, acceptable observations may 
sometimes be obtained by establishing an eccentric station a t  one or 
a t  both ends of the line. 

A line crossing a section of freight yards where switching is con- 
stantly in progress may be completely obscured for lon periods of 

smoke from a factory stack x f t e n  produco serious interference. 
There waa one such lme m the Cincinnati triangulation where it 
seemed as if observations would always be revented by smoke from 

Labor Day with a complete banking of the fires permitted tho required 
observations to be made. 

Connection of triangulation and traverse.-hother important 
consideration in select! triangulation stations is the feasibility of 
making connections w% the traverse system. The simplest con- 
nection is where the tnangulation station is m open ground and is 
marked by a ground monument to which the traverse measures 
may be carried directly. But if the triangulation station is on the 
roof of a tall buildin and the traverse line is in the street below, it 

traverse stations, or if they are intervisible, the qertical angle. be- 
tween them may be so great as to require. extraorhnary recautions 

struct a slight projection over the eaves or cornice ?f the roof on 
which the trian ulation station is located and establish thereon a 
point which can%e connected directly with the triah ation station, 
and then by means of the vertical collimator refer t s point to tho 
ground below and so make a connec,tion with the traverse station. 

osition Will not necessurdy give a 

the execution of a small scheme of triangulation es ecially designed 

and the more distant points to give the best connection m azimuth. 

upon t E e direction of thewind. (See p. 34.) If it is found t Yl a t  a 

es shifting back and 7 orth. Tho 

a large industrial plant, but a two-day R oliday over Sunday and 

the day by the smoke from en 

may even be impossi B le to see the triangulation signal-from near-by 

in making a connection. In some cases it may be possi % lo to con- 

strong azimuth connection, but g 0th may sometimes be attained by 

for the ur ose. Ordinarily the points nearest t R e triangulation 
station s Ki o d be used to give tho strongest connoction,in position 

A satisfactory connection in 

SIGNALS. 

Targets and he1wtrope.s.-If observations of horizoqtal angles 
are made in the daytime, the pointing5 may be mado either on a 
target or on a heliotrope. If heliotro es are used, the brightness of 

size of t B e mirror with a mask having a circular ho. e or by reducing 
the intensity of the illumination by stretching a iece of fine gauze 

be observed to avoid hase. &e target may be made of thin metal 

the ima e observed on may be contro R ed by m o d i f r g  the effectivo 

over the mirror. Where a tar et is used, specia f precautions must 

of suitable size and s E ~ p e ,  painted a color which will contrast with 
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edges of this board 

station. 

in the case of the 
a t  a distance of 

appearing like 
a star of the magnitude of Polaris. 
* For shorter lines a small electric signal lam has been designod.O 
The following description of i t  is taken from U. !3 . Coast and Geodotic 
Survey Special Publication No. 81, Geodetic Omrations in tho United 
States, January 1, 1912, to December 31, 1921: 

It ismade up of an automobile hoadlight with a nrabolicreflector 17  cm. in d i m o h  
pivoted for adjustment in  elevation i n  a wooden {ox frnmo 28 by 26 by 17 cm., whi& 
is mountod on tho triangulation point by mean8 of n centor screw, permitting of adjust- 
ment in azimuth. A m a l l  rheostat switch, and si hting tubo aro providctl aa for 
the 1 er lamp, The lamp bulb is hkowiso epocialfy made from spcciticatione fur- 
n i a h e x y  the survey. The filnment, being dosi od for a current of on1 3 to 4 volte 
and 0.6 ampere, is concontwted into a space offonly about n cubic m i h n e t o r  and 
whon adjusted into the focus of tho rofloctor producae a beam w r y  nearly parnllol. 
Tho test showod an appnront beam candlo owor a t  a diatnnce of 100 foot (30 m.) of 
74,000, with a current of 0.64 amporo f u r n d e d  b throo dr cella coniiectod i n  seriea. 
Tho lam has boon soon with the unaidod eye a Jistanco or80 milos (128 km.). 

Both &e large and amall signal lamps are arranged BO DB to pormit tho uso of either 
tho 2.4 nmporo or the 0.6 ampen, lamp bulb. 

Even this small electric signal lump may ive too bright a light 
for the short lines of a city triangulation. #he brightness may be 
reduced by using an ordinary flash-light bulb in lace of the s ecially 

of thesemethods wil l  greatly reduce the apparent size of the light, 
but will merely decrease its intensity. One effect of too bright a 
light is to “burn autJJ  the lines of the diaphragm, but this effect 
can sometimes be overcome by merely increasing the illumination 

constructed bulb, and also by masking the faw o F tho lamp. keither 

used on very short lines with extreme cnution. 
to determine if there be eithor occontricity or 

B asymmetry of ima e of a magnitude which will show in the ingle 
measures. Remem er that 0.3 inch subtends an angle of 1 second 
at a distance of 1 mile. For tho very short lines of n city triangula- 

a Tho amall lempln mo by tho U. 8. Coast and Ooodotlc Burvoy Is ConStNctod from u staiidatd 81110- 
mobile headlight. 
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tion it might be well to consider some form of signal such as is some- 
times used as an azimuth mark by the U. S. Coast and Geodetic 
Survey, and is shown in Figure 27 of S ecial Publication No. 14. 

The considerations which should gui a e the en ineer as regards the 
t pe of signal to be used are the lengths of the fines to be observed, 

type of diaphra and power of the telescope of the instrument 

Towers and jlagpoles on buildiqs.--It is sometunes advisable to 
use as a triangulation station some mark or object already in existence, 
as a tower on  a building or a flagpole, even though it may be necessary 
t o  place the theodolite for obscrving the horizontal angles eccentric 
to it. Where the relation of the occupied eccentric station to tho 
station itself is accurately and definitely determined, the process 
of reducing the observations to center is simple and practically no 
loss of accuracy results therefrom. The one great objection to eccentric 
stations is that they afiord an addition81 opportunity for blunders, 
and they should therefore be avoided tls far as is practicable. One 
is not justificd, however, in devising elaborate signals in order to 
avoid eccentric stations. A very satisfacto method of establishing 

tripod and scaffold signal and determine i t  as the station. From 
such a signal any other oints on the roof which it is advisable to 

may be determinef by angles and direct measures of distances. 
Care must be used in constructin an instrument support on a roof 

of stability. a1 on the tower of Hughes 

on % oards, but some feet below this is a concrete floor. The l o p '  of 
the observin tripod were inserted through the, qoof and placed 

crmitted the use of a direction theodolite at  this important station. 

t K e condition of the atmosphere through which these lines pass, the 

used, and possib g. y certain observing charactenstics of, the observer. 

a station on a large building is to construct T t eroon a small observing 

locate such as fla sta 2 s, chimneys, or architectural ornaments, 

to make it stable, as the roof itsel F may not have the required degree 

Hi h School, Cincinnati. The roof of t !? c tower is of tar and gravel 

securely on t a e concrete floor below. This gave a stability which 

$he placcs where the 

although hig z towers are not in themselvw desirable, a certain num- 

and tho ipstrumont 

In Figure 4 is shown a si 

s pierced the roof were, of coumo, 
protected against the rain. The legs of the observing 
scaffold rested directly 

S i g d  towers.-Not only uill it  be difficult to plan the trim ultt- 
tion of a cit so that no high obscrving towers are required,%ut, 

ber of stations in o 
stations are the on 

ground are desirable for the reason that such 
that can bo marked so pormanentiy that 

double-tower triangu- 
scaflold shall support 

the tripod, shall 
sup ort tho instrument with such stability that its motion in azimuth 
sha nover be so rapid or iTre ular as to seriously affeet the accuracy 
of the measurements of ang es, its disturbance in level never so 7 B 
rapid as to inconvenience the observer by 
ments necessary? and its vibration due to wind 
to interfere seriously with accurate 
moreover, be strong enough to stand 
winds and in most storms. It is not 



Special Publication No. 41 

FIG. 4 -TRIANGULATION STATION ON I i U G I i C S  I i I G l i  SCIHOOL. CINCINNATI, Olil<’. 

FIG. 5 UOUDLC TOWER TRIANGUI ATION SIGNAL AT STATION O U 5 C R V A T O R Y  ’ 
O F  T H E  CINCINNATI SURVEY. 



Special Publication No. 91. 

FIG. 6.-VEPTICAL COLLIMATOR. TWO VIEWS. 

P 

FIG. 7.-LARGC-SIZE ELECTRIC SIGNAL LAMP. A MORE I?CCI.NT T Y P E  O F  CLCC- 
TRlC SIGNAL LAMP REQUIRES FROM ONE T O  SIX  CELLS ONLY. 
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them strong enough to withstand the most violent storms. The 
planning and erection of such signals is carefully considered in A p  

endix 4, U. S. Coast and Geodetic Survey Report for 1903, and in 
gpecial Publication No. 93, now in preparation, 

MARKINQ BTATIONS. 

The markin of a trian dation station baa just ono object-the 

is the center of a cupola, a spire, or a flagpole, there is often no way 
a mark at the center. When placin a mark directly 

possible, aa not to be subject to the same destro in 
the station itself. For instance, if the station is tho i ni 9 on agencies a cupola, as 
the mark may bo placed directly under it and some floors below. 
An important thing to guard against is the ossibility of a slight 
change in the station, such as mght  be causes by the rebuilding of 
a splre or the replacin of a flagpole. Such a change might be 

appearance of poor observing. It may bo guarded against by the 
use of reference marks so placed as to be as freo as possible from 
influences which might affect the station itylf. 

Reference marks serve two purposes-they aid in and verify the 
recovery of the station, and where a station has boen destroyod 
thoy make possible its restoration. They should thorefore have tho 
same permanent character as the station mark, and since there is 
greater freedom in the selection of locations for them, they can bo 
made more secure from destruction than can the station mark itself. 

For stations on tho round it is well to adopt some standard method 

ground mark, situated in a small lot of ground owned by the city, 

station. Jhis us0 of a sma i? plot of ground doos not interfere wit 
its use as a play ound or minor park. The city trian dation 

reproduce its other stations, should they be destroyod, without 
the necessity for a com lete new survey. Evory precaution should 

distinct function to perform 111 future surve as well as a present 

and their preservation is a matter of the utmost importance. Some 
of the types of mmks ahead in w e  are referred to below. 

S e c i f i .  types of marks wel-The usual t e of station mark usod 

the report on that work as follows: 

preservation o B the 'exact H ocation of the point. Where the station 

below Of p1acin51 suc an object used as a station it shoul % be so located, If 

dotected only in the fin s adjusted results of later work and g v e  tho 

of marking. An un 6i erground mark over which is a monumental 

t is probabl the nearest a roaci P to  a really pormanont surve 

fihould have a su f f  cient number of these stations to enabe 'i it to 

be takon to preserve t K ese points on the ground. They have a 

value. They represent a definite investmen t9" of the peoples' money, 

on t % e trlgonometrical survey of Cheater P ow York is described in 

mall  hole & foot in diameter drilled in tap of bo T t. 

block which ww mo Y dod m place is t ~ g U l U  in form, extends 3 fpct helow surfnce 

Tho station waa marked b tho rqsular U. 8. C. & Q. S. b n w  marking bolt set in a 
graxlito post 6 by 6 by 24 inctes sot in concrete 3 b 3 by 4 feot. The exact poht is a 

The marking of a main station of the Cincinnati survey is thus 
described : 

Center is marked b a c r w  cut in bronze disk.& in top of a concroto block. The 

of ground, a b u t  13 feot above, is 2 feet on edge, and has 111 each of Its three vertical 
facee a triangle cast sunken. 

1662l0--23---5 
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The standard ground mark for the triangulation of Yonkers, N. Y., 
is a solid block of concrete about 4 feet deep and from 3 to 4 fcet 
square. The station oint is marked by B one-eighth inch brass lug 
driven in a holo 1 inc R deep drilled in a rod of Swedish iron 1 inc K in 
diometer embedded in the concrete. 

In  the U. S. Coast and Geodetic Survey the wide diversity of 
conditions which must be met in marking triangulation stations has 
developed a rather largo list of types of marks. Many of these are 
of no special interest to the city engineer, but he may find some 
valuable suggestions in meeting what may bo u condition peculiar 
to his city by consulting the list of standard notes on the marking of 
stations. Such a list will bo found in any of the recent reports on 
results of triangulation by the survey, and can be obtained upon 
request from the Director, U. S. Const and Geodetic Survey. 

BABE MEASUREMENT. 

The process of measurin a precise base line b the U. S. Coast 
and Geodetic Survey has Been well standardizedrin the past two 
decades. In  1906 tests were made of invar tapes for precise base 
 measure^,^ and these tests led to the adoption b this bureau of invar 
tapes for the measurement of all precise base h e s  and precise tra- 
verse lines. Invar is a nickel-steel alloy with a low coefficient of 
expansion which for the invar ta es is only about one twenty-fifth 

tem crature conditions. The instructions issued to field parties of 
the 5. S. Coast and Geodetic Survey for prccise bnse measurements 
as printed in Special Publication No. 19, are 11s pertinent in genera[ 
to the measuring of a base line alon a street in one of our o ulous 

slightly modifie form. Gcneral instructions for reciso traverse 
work are available in corn lcte and com act form in . S. Coast and 

for Precise and Secondary Traverse. 

that of steel. The tapes are, t g erefore, practically unaffected by 

cities as in a s arsely settled locatty. Thcy aro given i p ’  o ow in 

Geodetic Survey Speciul F ublication 3 0. 58, Gcnerul Instructions 
I; B 

QENERAL. INSTRUCTIONS FOR PRECISE BASE MEASUREMENT. 

Very little increaso in accuracy of the lengths of the trianglo sides of 
the triangulation will result from increasing tho accuracy of the base 
measurements beyond that represented by n probable orror of 1 pert 
in 500,000 in the len th of the base. The mothods devised aro 

same time avoid any additional expenditure of time or money in an 
effort to attain a greater de eo of accuracy. 

At least two tapes should T e used in the moasures, and these tapes 
should be standardized at  the Bureau of Standards, Washington, 
D. C., both before and after the measuremcnts and as near to them 
in oint of time as possible. Tho measurements may be made either 
in Broad daylight or a t  night if invar tapes are used, but if it  should 
be necessary to use steel tapes, the measurements should be made 
only a t  night. 

therefore such as will a oop within this limit of accuracy and tit tho 

1 See Appendlx 4, Report of 1807, “SIX prlmery basev mensured wlth steel and invnr tnpm.” 
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A base lino should bo moasurcd in scctioiis of 1 km. in length, 
oxco t that there may bc ono section of shorter length. Each soction 
shou P d bo measured at  least twico with differcnt trips and in opposite 
directions. No moro thnn two measures of a section should bo miido 
unless tho discrepancy be tween the forwiird and bacltwtird measures 
of tho section excccds 10 mm. cr kilometer, in which case additional 
measures should bo made unti P two aro obtained which rtgrco within 
this limit. 

Such precautions should be taken to securo accurate horizontd 
and vertical alignment of the tapes, to apply the correct t,ension, 
and to ascertain their exact tempcraturcs as will insuro that errors 
arising from these sources shall each bo less than 1 part in 1,000,000. 
In  tho cnso of steel tapes the temperature correction is wry  import,ant, 
the coeWcient of expansion being a proximately 0.000011 per dogrcc 

Wind blowing against the ta es is apb to cttuso trouble, but its 

for a 50-m. tape. Where the ta e is YU ported throughout its longth 
tho wind effect will, of courso, [e neglfgible. In any wont recaii- 

1 part in 1,000,000, or 0.05 mm. er 50-m. tape length. 

throu hout on some smooth surface, such us a paved street or tho 

its su port is then so great that tho tension is not uniform from ono 

with thoso under which the tape was standardized. 
The two cardinal rules from which there should bo no de arture 

me’asurement of tho base lines as near in timo tis possiblo and with- 
out any intervening use of tho tapes; and thc t a p s  must dwclys bo 
usod on tho base lines in exactly tho samc mariner 111 r e g i d  to  tension 
and support us that in which they were standardized. As it is somc- 
times necessary to use several different mcthods of su port on a 

are to bo made. 

centigrade, against 0.0000004 for t i e invar tapes. 

offect may be lessened by using B vo points of support instoad of threo 

tions should be taken to keep tho error from such a source a own t o  

Accurate results can not be o i tained when thc tape is supported 

top o B a rail, if tho surface is wet. The suction bctwecii tho t a p  and 

end o 7. tho tapo to the other, and so the conditions arc not idontical 

are: Tho base tapes must bo standardized both bcforc and up tcr tho 

bnso, the roconnaissanco should dotermine how the stan 2 ardizations 

EQUATION OF A BASE TAPE. 

Tho complete equation of an invar bnso tape T,,, is given in the 
following form: 

Under a tension of 15 kg., T618 = 50 m. + (12.382 mm. h0.016 mm.) + (0.0178 mm. f0.0007 mm.) X (1-25.’8C.). In  this equation t is 
the temperature at  which tho tapo is being used. The temperaturo 
of the ta e.should be determined for each tape length of tho measuro- 
ment. &us is done by reading two thormometera which are fastened 
to  the tape, one near each end, and protected from breakare by 
specially constructed guards. Thennomotors so used 1 shou?d bo 
calibrated in order that the corrections to reduce observed tempera- 
tures to standard ternporatures ma becomo known. 

and the s m o  tonsion must bo a plied while making tho measures. 
At the beginning and end of eacR day’s work tho spring bttlancos 

Base tapes are usually sttmdur 9 ized under a tonsion of 15 kg., 
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used should be tested with a standard balance, or preferably with R 
standard weight ke t solely for that pur ose. I t  is desirable to have 

the index error rather than to endeavor, by menns of an adjustable 
arm, to keep the index error down to a ne ligible qunntit . Whero 

tion. 

the 'ndex arm of t fl o balance &xed an a to detcrminc and allow for 

a standard wei h t  is used for testing the ba 7 ances, i t  must $ o remom- 
bered that the % alances are used in approximately a horizontal posi- 

GRADE CORRECTION. 

In making precise measures of length the tape is not held horizon- 
tal but is stretched directly between tho marking strips or tables, 
whether they be on top of stakes or attached diroctly to the pavement. 
It is thereioro necessary to determine the corrections required to 
reduce the inclined length to tho horizontal. For this purposo 
s irit levels are run over the line, and the grades betweon tape ends 
t us determined. rovided by a second line of 
levels in a backward direction. The orizontal distance bctwecn 
tape ends is 4la-h2, where 1 is the inclined distance and h the dif- 
ference in elevation of the two ends of the tape. Tho correction to 
bo a plied to the inclined distance then becomes - (Z- @ = I & .  A 
tabu ?l ation of this quantity for 25 m. lengths and various differences 
of elevation is iven on pa cs 29 to 34 of U. S. Coast and Geodetic 

Work of the U. S. Coast and Geodetic Surve . A similar table for 

tions for B recise and Secondary Traverse. It should be notod that 
the correction for a 50 m. length is one-half that for a 25 m. lpngth 
for the same difference in elevation of the ends. Whero the ta o 

on a nail driven horizontal1 in the middle stako on line between tho 

two halves of the tapo reduced to the orizontal separately. 

A check should bo 
Yl 

R 

Survey Special B ublication % 0. 26, General Instructions for the Field 

50 m. len ths is given in Special Publication k 0. 58, Qeneral Instruc- 

is supported on stakes, the middle of tho tape is allowed to rest freo F y 

end sup orts. If the midd i e support is abovo or below tho line bo- 
tween t R e end supports, a level readin must bo taken on itandtho R 

SETUPS AND SETBACKS. 

Setups and setbacks should bo avoided as far ns possible by a 
careful setting of the stakes or marking tables. 
small setup or setback a finely divided scale and a pair of div i fe i  
may be used, while a properly divided steol tape may bo usod for 
measuring longer setups or satbacks. A half-tapo Ion th may be 

point, by stretching each half of tho tape over tho distance and using 
tho mean of the markings. 

For moasurin 

closely determined, whore thoro is no standardization o s the 25 m. 

SEA-LEVEL REDUCTION. 

In  order that the len ths in the triangdation depending on the 
base line may be reduce% to sea lovel, a correction must bo appliod 
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to the measured length of the base. This correction is given by the 
formula 

where C is the required reduction to sea level, S is the length of the 
section, h its elevation above sea level, and p the radius of curvature 
of the sea-level section. The lo arithm of the radius of curvature 

pages 66 to 71 of U. S. Coast and Geodetic Survey Special Publica- 
tion No. 26. seen that since p is so very much 

an f tho third term practically always aeeligible Using an approxi- 
mato value for p of 6,370,000 m. we see &at although an elevation of 
1 xn. above sea level affects a line 1 m. lon by only 0.00016 mm., a 

a correction of - 16 mm. 
I t  is sometimes necessary to consider the reverse roblem. Given 

tho lenLth of a line at sea level, what is its actual len t 7l on the ground 1 
Tho precise triungulation of the U. S. Coast and &odetic Survey is 
all computed on mean soa level a6 a standard surface$ In a cadastral 
survey the lengt4h with which one is concerned is the actual length 
at  the avera e elevation of the ground. A 100-foot lot means 100 

fore, when a cadnstrtil survoy is based on triangulation which has been 
computcd on mean son lovcl, the len ths must be corrected for ele- 
vation of ground ubovo thnt lcvel. %he length on the ground can 
be computed with suficient accuracy from the formula 

is tabulated, for latitudes 0’ to 5 2’ and €or different azimuths; on 

lar er than h the second term o iy the above formula will be very small 

line 1,000 m. long and 100 m. (328 feet) a % ove sea levol will require 

It will be readil 

feet measuro i a t  the actual elevation of the lot in question. Thero- 

7L S’=S+S - 
P 

whore S’ is the length on the ground, S the len th at mean sea level, 
h the elevation of the line abovo moan sea leve 9 , and p the radius of 
curvnturo of the mean sea-level line. As a rulo a mean radius of 
curvature equal to 6,370,000 m. may be used with no appreciable 
error. 

The question has been asked, “Why not corn ute the triangulation 

there are very few instances where the relief of the city terrain is so 
greut that ths procedure would introduce measurable discre ancies, 

computing geographic positions and for radius of curvature are based 
on mean sea lave1 and any data obtained from the trian dation net 

coordination of the city survo with surveys of adjacent areas can 
only be done if they me all re 2 uced to the same standard surface. 

directly on an a proximato avora e elevation P or the city, and thus 
obtain lengths w ?l ich can be consi 5 erod as surface lengths?” While 

there may be noted the following objections: AU published ta 5-l les for 

of the United States are also based on mean sea level. 5% e proper 
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Below 
lowing i t  
the surne 

is a specimen page of a precise base line measure, and fol- 
is shown the computation of tho Gnu1 length of a section of 
base line: 

Sample record of base measurement, Deming, N .  Ma. 
_____ - -. . . __ - 

Thormometeru. 
fjetback. Setup. Ilemnrks. 

- - -  _. 

Stake. 

I C. 
9.8 
9. 5 
9.0 
9.5 
0.4 
9.5 
9.7 
0.7 
9. 0 

10. 4 
10. G 
10.0 
14.0 
13. 2 
12.5 
12.4 
12. 5 
12.5 
11.8 
12.3 

c. m. m. 
0.9 .......................... Chlerorpsrty: J.S. TI. Date: Jan- 
0. 9 0.0518 .......... uary 15, 1010. Stnrt: 10.20 a. m. 
9.8 .......................... Flnlsh: 10.49 n. m. Ta e used: 
0.8 .......................... No. 518. Bnlanco: $0. 180. 
0.7 .......................... Weatlior: No wlnd, partly cloudy 
0.7 .0484' .......... Dlrection of mwure: Bouth. .......................... .......................... 

.0405 .......... 

.Wt .......... 
.......................... .......................... 
.......................... .......................... .......................... . u488 .......... .......................... .......................... .......................... .......................... 

Mcan of tlicrmomotrm.. ..... Sum.. 0.2324 0. oo00 
Corroctlorl.. ................. 
Mean tempcrnturu.. ......... lo. 02 

Sample computulwn of a sedim of base line, Deming, N .  M P Z . ~  

Boctlon VIIT: 140-10 
Data and hour 1010 

Tnpo n u m h r  618 617 
Weathrr Cloudy, calm. Cloudy, calm. 

fiwu c.  
-0.0a38m. 

Tom perature 
Tumpcroture, monn corroctad 
Tompornturo corrwhon to rodlice to 1. -0.0063m. . 
%tu or mtback -0.2324 -0.2386 
arn& corrcction -0.0064 -0. 00M 
Tape correetlon +O. 2476 +o. 2Jj.54 
Reductlori to sea lovol -0.2001 -0.2001 
Radumd ltmpth of soctiori ORQ. w 4  999. tau6 
Ado tad Ion th ofsectloti WR. RO65 m. 
Rcs&unls +l. 1 mm. - 1 . 1  mm. 

Jan. 15, 10.34 a. m. Jnn. 15, 1.39 p. m. 
Direction of minsuro 8. N. 

F a l h  
R1s';&2 c.  

L) 1.21 1.21 

PROBABIX ERROR OF BASE LINE. 

The probable error ro of the length of each section of a base due to 
accidental errom of measure is computed by the formulu 

in which n is tho number of measures, v the residual from the mean, 
and [vv] is tho sum of the s uures of tho residuuls. 

of the lengths of the tapes is assumed to be the number of tape 
The probablo error of the ? ongth of a section due to  tho uncertainty 

_ _ _ _  .- . - -- 
6 Tho compiilntlo~l hnn hero lnrii nrrnngud I n  unrtlcnl form for convenlencc h i  prlritlirg: the usual 

armrigomout 1s liorlroiltnlly ncros?I u tloublo p a p .  
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lengths in the section multiplied by one-half the square root of the 
sum of the squares of the probable errors of the len ths of tho two 

length of a section due to the uncertainty of the coefficients of 
expansion of the tapes is assumed to be the number of tape lengths 
in the section niultipliod by the difference betweon the temperature 
of the standardization and the average temperature of the measure- 
ment multi lied by one-half the square root of the sum of the 

two tapes used in measuring the section. 
For the section, the computation of which is shown abovo, the 

probable orrors from the various sources are as follows: 
Probable orror due to uncertaintics in tape lengths ................... AO. 22 mm. 
Probable QITOP duo to  uncertainties in coefficients of expansion. ....... fO. 13 mm. 
Probable error diie to accidental errors of menaure. ................... * O .  74 mm. 

tapes used in measuring tho section. The probab 7 e error of the 

squares of t K e probable errors of the temperature coefficients of the 

Probablo error of length of section (squaro root of the aum of the squares 
of the vnrious probable errors). .................................... AO. 78 mm. 
The probable error of tho total length of tho base lino may be 

obtained by a similar combination, as It is equal to tho squaro root 
of the sums of the squares of the probable errors of the soparate 
sections. 

ANGLE MEASURES. 

ACCURAOY DESIRED. 

The instructions for preciso tr im ulation by the U. S. Const and 

observation be used as will ive an average closing error for the 
triangles of about one scconz and a maximum closure for a sin le 

excess of the required 1 part in 25,000. (Sco . 16.) This is along arcs 

ments and methods can not be ex ected to give as accurate results. 

average closina errors were between two and three seconds, but 
because of wolfshaped fi res, many adjustment conditions, and the 

evidence indicutcs that the criterion for an accuracy of 1 part in 
25,000 in city work should bo an average closure of a trianvlo of two 
seconds. It shows also that more timo should bo given to tke recon- 
naissuncc in n city than in open country. It is not enough, in the 
reconnaissance for city triangulation, to know that tho lincs are 
unobstructed, that the stations are wcll placed fo i  future uses, thut 
tho triangulation figures are well shaped, arid that no v?ry n parent 

minute examination should bo made for obscure and hidden sources 
of refraction. It is recommonded that the roconnaissanco be plotted 
on the best obtninublo map of tho city and that a careful study of 
structures and conditions along each line be made. 

Obserwing c~ndi t iO~~~. - , - -ThCr~ aro sovoral interesting facts which 
may puzzlo tho inex erienclcd observer who Eollows.clouely the results 

atmosphere is c P ear and the seeing apparently the h e s t ,  less accordant 

Geodetic Survey require that suc a instruments and methods of 

trianrle of thrce seconds. As a rulo the results show that with t E is 
stan d. nrd for closure an accuracy is obtained of tho lengths far in 

through open country. In  a city triangu 1; ation the same instru- 

In  the triangulations of Greater R ew York and of Cincinnati the 

proximity of bases, the CY esired accuracy of line was obtained. This 

sourco of unusunl refraction exists near the lines, but ?n ad tl ltlon a 

of his observin wit P 1 relation to atmospheric condltlons. Whon the 
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results may be obtained than when a brisk wind is blowing or when 
there is a tendency to fogginess. When the observing seems most 
difficult the number of observations which must be rejected may be 
smaller than usual. When the atmosphere is quiet and very clear 
there are apt to be rising air currents from the paved streets and 
certain buildin s, and these currents will distort the air strata and 

is blowing across the line of sight in a direction from a heate structure 
or object toward the line of sight the observin may be very poor, but 

When a brisk wind is ifowing the air is well mixed up and of airly 
uniform tern erature and them is no decided refraction a t  any point. 

In city triangulation it is advisable to make the observations at 
night and rather late, after the disturbed atmospheric conditions 
whi6h naturally accompany the change from day to night have mostly 
disappeared. 

% cause the line o 5 sight to be refracted. Also when a VOV li h t  breeze 

if the wind is in the o osite direction the o B serving may be ood. 

This is also t R e case when the air is slightly foggy. 

B 

INSTRLXENTS. 

There are two general types of instruments for the measuring of 
angles in precise triangulation, the direction instrument having a 
horizontal circle read by micrometer microsco es to single seconds 
in the case of the hi hest grade instruments, a n 8  the repeating theod- 

of verniers. 
In  any city triangulation economic considerations will make the 

use of both types of instruments desirable. The direction theodolite 
is the better t e for precise work, but can bo used successfully only 

support of the theodolite that his ordina movements around the 
instrument will not affect it in azimuth. T h e  re eating theodolite, 

or less unstable, where the ob6erVer's movements. may posyibly 
disturb the instrument, provided the observer maintams one position 
of footing while making the two pointings of an angle. 

Both instruments are made in various sizes and are designated by 
the diameter of the horizontal circle. The accuracy of either instru- 
ment depends upon the excellence of its design, the skilled work- 
manship used in its construction, the precision of the graduating 
engine used in aduating tho circles, and f i n d  , within certain 

by tests that, ow' to tem erature distortion and other strains in 

than a 12-inch cirde, and it is thorefore considered inadvisable to 
exceed 12 inches for the diarpeter, especially ria the weight of the 
instrument becomes excessive beyond this limit. 

The diaphra m best Eiuited for precise work, accordin to experience 

threads 20 to 30 seconds apart. It has been found that an observer 
can very closely bisect the space between such lines, and that where 
he has a tendency to observe a little to one side or the other of the 
mid-point this tendency will become characteristic with him and he 
will make all pointings alike, provided the h a  e of each object, aa 
seen in tho telescope, is about the same size as 8l e others in relation 

olite where the circ f e is read to two, three, or five seconds by means 

where the weig Tl t of the observer can be 80 carried apart from the 

on the contrary, can be used on buildings where t R e support is more 

limits, upon the % 'amcter of the horizontal circle. f t has been found 

the metal, a 20-inc Y f  circle or a theodolite gives no better results 

in the U. S. &lout and Geodetic Survey, consists o f two vertical 
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I 
I1 
111 

V 
VI v 11 

VI If 

1v 

to the distance between the pointing lines. There will naturally be 
less personal equation on a ointing where the image is nearly the 

the image is very small. If the personal equation is the same on all 
pointings, it will of course, d i s q  ear from the observed angles. 

Direction theodolite.-The stan B ard instrument of this type used 
by the U. S. Coast und Geodetic Survey on preoiqe work is one having 
a 12-inch circle and three micrometer microscopes reading to single 
seconds, though for several yoars past an 8-inch instrument with two 
micrometer microscopes reading to two seconds has been successfully 
used. 

the circle in order that each an le shall be measured on 16 different 

shown in the table givon below for each of the various ositions of 

by means of the lower motion. All micrometers are read and re- 
corded for this initial setting, and then. with the circle clamped in 
position the tolescopo is pointed succossivcly on the various signals, 
moving always from left to right and ending on the initial station. 
A11 micrometers are read and recorded at  each pointing. The tele- 
scopb is then plunged or reveised by lifting it from its wyes, but kecp- 
ing the same pivot in the same wye, and again pointed on the initial 
si nal and successively on the other si als, moving from right to 
left and finishing on the initial si nal. Re clockwise pointin 

reversed to avoid the necessit of chan ing the telescope 

positions I, 111, V, etc. If the setting of the circle is alwa s made 

about 195' between settings instend of about 1 5 O ,  as the table below 
would indicate, and 'tends to eliminato an constant errors due to 

reverse, ,on any si a1 'ves the result for that signal independent of 

gives the angle between them. These results when final means for 
all positions,of the circle have been taken, should be tabulated as 
direqtions in clockwise order, loft to ri4ht, from the signal used as an 
initial, whose direction will be called 0 00' 00!'00. 

The various settings of tho circle (micromoter A)  for the required 
1G positions are given in the following tablo: 

same width as tho distance !I otwoon the pointing lines than where 

Ei should be ILS follows: Tho instrument shall bo use f in 10 positions o 

parts of the horizontal circle. % he micrometer A is set to road as 

the circle designated ns I, 11,111, etc. , and tho initial signa P is bisected 

With either of these instruments the pro am of observin 

the circle in positions 11, IV, V B , etc., are made with the 

direct position after tho comp i etion of t a e anticlockwise pointings for 

with the -4 micrometer this program automatically shifts t K e circle 

unequal heating of the circle. The mean o 9 the roadings, direct and 

collunation, and t 8" e di *F erence between the results for any two signals 

BettilrR. 

0 00 40 IX 128 00 40 
16 01 50 X 143 01 &I 
30 03 10 XI 168 (w 10 
46 04 20 XI1 178 01 10 

04 00 to XI11 192 00 40 
79 01 rfi XIV 207 01 bo 
04 03 10 xv 22a 03 10 
loo O1 20 XVI 237 04 20 

I I I  

If any signals aro not showin a t  tho time a series of observations 
is made, thoy should be passed%y and observed later in connection 
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with the chosen initial or with some other one, and only one, of the 
stations already observed in that series. With this system of observ- 
ing no local adjustment is necessary. 

Any observed direction differing more than five seconds from the 
mean shall be rejected and a new observation made to replace it. 

The following IS a specimen of observations with adirection theod- 
olite. It is taken from the report on the trinngulation of Greater 
New York. 

Ilorizontal directions. 

[Stntlon: E’orf T o m p k l m  f. Observer: F. U‘. Xoop. Instrument: Thtodolffe  No. 108.0 Date: June .PO,lSW.] 

-- 
0 I 

00 00, 

1w) 00 

208 37 

28 37 

2.W 42 

7G 43 

Posi 
tion 

- 
I 

- 

Bnck. 
ward 

,, 

39 

43 
33 
62 

38 
35 
54 

50 
54 
55 

53 
62 
03 

M 
03 
ni  

Objcctsobserved. 

Bognrt(diutinct,unsteady) 

Dog8 rt... ................ 

Contonnlal T ............. 

Centennial T ............. 

Bandy IIOoklightllouse.. . 

Sandy nook lighthousc.. . 

- 

Time. 

-- 
h.  m. 
3 30 

4 0 0  

3 40 

3 51 

3 42 

3 49 

- 
Tole- 
impe 
ilrect 
3r re. 
orsed. 

- - 
Mi- 
rom 
iter. 

- 
A u c 
A u 
C 

A 
13 
C 
A 
D 
c 
A 
D 
C 

h n 
c 
- 

Reading. 
- 
For- 
w d  
- 
33 
36 
39 

48 
33 
b2 

38 
35 
M 

%I 
54 
55 

.53 
52 
63 

04 
01 
0.1 - 

.. - 

Idoan. 

35. a7 

42.07 

42.33 

53.00 

, 

39.17 

47.08 

,, 

w. 00 

08.49 

20.17 

Thoodoiite No, itl8 Is n 12-inch direction lnstrunirut with thrru mlcromcters riadin t o  singlo swooda. 
Thasemicrometershavodoul~le readmg wirco, tmlnlitcsnpnrt, to permit n backward and a forwardreadlny 
with onl one turn of the wheel. Tho run of each mlcrometrr should be restod onco n month and theerror 
mrrecte~if It d c e e d s  4 Reconds. 111 tho nbovo tnblo tho ngrccmont betwoen the forward and backward 
rendvlge of the mlcrometer lndlcates that  “ N R  ” hsd boen complotely ollmlnulod through ndjustmont. 

Repeating theodolite.--In observin a horizontal angle with a re- 
theodolite cnro must be ta B en that tho instrument is not 

a ain after six repetitions. After six 
a % out tho horizontal axis and by 
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on the ri ht-hand object. Then loosen the upper motion and point 

plement of the ano e. After six rcpctitions of the explement the 
instrument should%(+ back very nearly to the initial setting. The 
circle should then be careful1 read and recorded as before. (See 

the com letion of each set of observations and make an entirely 
indepenLnt rcadiiig for the initial of the next set. When two or 
more sets of observations are made on the same angle the initial set- 
ting for each sot should differ by an amount approximately equal to 
180" divided by the number of sets. 'For example, if an angle is to 
be measured with two sets of observations, tho initial settings should 
be about 90" apart; if with three sets, 60" apart, etc. If some of the 
stations observed upon are much higher or lower than tlie station 
occupied, i t  is necessary to keep the horizontal axis of the instrument 
level, in order to avoid large and troublesome errors. (See tuble 

With any repeating theodolite measure only the single 
ang On f es between adjacent lines of tlie main scheme and the angle 
necessary to  close the horizon. In the comparatively rare case in 
which the failure of adjacent si n d s  to show a t  tlie same time prevents 
carrying out this program, m a k  as near an a procwh to it as possible 

some one, and only one, of tho signals observed in the first series, 
and measure in the new series only the single angles between ad'aoent 
si nals and tho anglo necossary to close, the horizon. With this 

' seterne of observing, no local adjustment is necessar , excupt to 

in that scrics. 
As a general rule the 10-inch repeating theodolite reads to 3 or 5 

seconds and does not transit, while the 7-inch instrument reads to 10 
seconds and does transit. 

With a repeating theodolite having a 10-inch horizontill circle there 
should bo five sets of observations on ench an le of precise triangu- 

and 144O. 
I n  many cases a 10-inch repeating theodolite is not available, and 

the magnitude of the work or other conditions preclude the expcndi- 
ture of the time or mone required to secure one. I n  the triangula- 

were tried out on the measur! of angles a t  sup  )lementary stutioiis 

other make was successfully u s d  on secondary sttitions and on the 
shorter main sclieme lines. Much depends on the instrument, but 
with a well-made 7-iliCh theodolite work of precision cun probably 
be done by increasing the number of sets to six or perhaps more. 
After observations have proceeded to a point where i t  is possible to  
form an opinion bnsed on triangle closures, the program may be 
altered if noccssary. 

The following is a specimen of the record of observation of a liori- 
zontal angle with n repeat in^ theodolite. It is tnken from the ub- 
lished report, OS tlie triangucition of Greater Now York. It s P iows 
the earlier racticc: of reversing the telescope in the middle of each set, 
instead of !etween tlie measures of the angle arid of its explement aa 
is now dono. 

i on the le 9 t-hand ob ect. This constitutes one repetition of the ex- 

sample record below.) Slight T y change the setting of the circle a t  

. 40.) 

and then take the, remaining signals in anot P icr scrios together with 

distribute each horizon closuro uniformly among tho ang 9 os mcr~ured  

lation. The initial settings of the circle slioul f be Oo, 36", 72", 108", 

tion of Greater New Yor l two 7-inch tlieodolitcs of a standard riiako 

and proved unsatisfactory, while a 0-inch tlieodo i ite (reponter) of an- 



Sample r d  of horizontal angles. 

[Staticax Idkmild Ihxntrk Xo. I. SCata: Ncm Ywk. Canty: Qucns. Data: AMI 14, fW. Observer: W. V. B .  Instruinent: T W d i l c  No. W.1 

Objects obeaped. 

Hdlis ( M e  set to). . _ _  -. _ _  _. . . . . . . 
Me tropohurn... .__ _ _ _ _ _ _  _.__ ...___ _ _  __. 
Yetropoliran...... _ _ _ _  _...____ __.._ _ _ _ _  
Mstropolitan. _..____________....______. 
Hdlis _._...._._.__._ ~ ...._.._.__...__. 

Verniers, 
Angle, me& direct and reversed. :%$:. T a k W  mpetr Time. director C i e .  

reversed. -9 B 
-~~~~ . , ,# ,, 0 , ,* . ,  h.  m. . __. - -. . -. . . . . -. . _ _  -. . . -. -. . __. 0 00 a, a, a, _ _  ..___. __.__. . .__ .. . 1 3 3 5  50 .... ~ .-.. ~ ._..__....' 

2 25 3D and3R _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____.._..___ _..__ ._._ ~ _ _ _ _  ~ .____ _________ .  _ _  _...... ~ __._______.._.._.._._ ~ _.__...... ~ ....-. ~ ...... _... 
- 2  42 3Rand3D 

6 21 34 40 40 40 21 34 40 3 35 46.67 4-0.41 
3 35 47.08 

6 35959 55 55 55 I 2 , 1 3  25 1.5 3s 24 12.50 -0.42 

smm 59 59.17 i c a t i o n  +am 
I 

4 

3 
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INCREASED ACCURACY. 

The foregoing instructions are dcsigned to secure an accuracy of 
(See p. 16.) I t  closure between bases of a t  loast 1 part in 26,000. 

is sometimes desirable to obtain an accuracy as grcat as 1 

cities. 
number of obsorvations will on1 

100,000, as i n  the case of control for,cadastral 
How is this higher accuracy to%e 

slightly hcroase 
the result. The possibilities of t rl e direction instrument are more or 

thoro is even a su gestion of lateral refrnction. For mnrks on which 

used. (Sce p. 24.) !he observations should bo mado a t  night and 
sufficiently late to avoid the atmospheric adjustments wvllich ordina- 
rilyaccompany the chan efrom day to night. Even then afurtlier in- 

any lino on several nights rather than on a single mght. Tho effect 
on an observed direction of tho inclination of the horizontnl axis of 
the tolescope must bo considered unless I t  is actually known to bo 
negligible. The stren th, Z?,, of the selected best chain 

to observo, signa P s s ecially constructed for the purpose must bo 

crease in accuracy may % e obtained by making the observations over 

of triangles in any one figure shoul f not excood 5. 
(See p. 40.) 

COXPUTATION O F  TRIANGULATION. 

OORRECTION TO A DIREOTION D U B  TO INCLINATION OF IlOnIZONTAL 
AXIS. 

When the elevations of the stations diffor reatly, it is necessary 

large and troublesome errors. Tho magnitude of these errors for vtiri- 
oue conditions is shown in the following table. Of course, relevelin 
should only be done between Whore the leve 

inclination of th? horizontal axis 18 $ [ (20 +e) - (w' +e' ) ]  x the an ular 

- ( e  +e ' ) ]  x the angular value of one division. In  both casos w and 
e are the readmgs of the stridin level before reversnl and w' and e' 

tion duo to t h s  inclination is i tan h, in which i is tho indintition of 
the horizontal axis and h tlio vertical angle to tho object obscrved. 
For a circle aduated in clockwise direction ;th!s correction is ne a- 
tive if the r&!$t-hand end of the horizontal axis is the higher and &e 
object observed is higher than tho instrument. 

to keep the horizontal axis of tho instrument f orel in order to avoid 

6; 
graduations increase continuousy P from one end to the othcr, /tho 

value of one division of tho level. Whcro the rnduntions nro f rom 
the center outwards in both directions, the inc H ination is + [(w+w') 
are the readings pfter reversal. % he correction to n horizontal direc- 

osition or sots. 
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Corralions lo horizonbl directions rlue lo inclir@on oJ horiionlrtl rrris o j  lclcsropc. 

Vortical 
an lo of 

tho &ne of 
colllma- 
tion ( h ) .  

IncUna- 
tion of 

the hori- 
zontal 
axis (0. 

Corroctlon ’ Inclinn- Vortical Correction Inclhn- 
to hori- tion of an le of to  hori- tlon of 
zontal tho hori- thofino of zontal tho horl- 

direction zontal collima- dlrwtion zontnl 
(I fan h) .  axis ( i ) .  tion ( h ) .  ( f  tan h) .  axis (1). 

,, 
10 
!a 
30 0.17 

.+--- 

in 4n 0.12 i n  
m 40 0.23 m 
30 rn 0.35 30 

, , ,I , 

-- 
Verticnl 
an 40 of 

thotino 01 
collima- 
tion (h ) .  

, 
Bo 

80 
eo 

Correction 
to hori- 
zontal 

direction 
( f t a n  h ) .  

,, 
0. 17 
0.35 
0.52 

ECCENTRIC REDUOTION. 

Where it is impracticable to sot the theodolite direct1 over or under 

ures must be made a t  a point near-by cnllud the eccentric station, 
and com utations made to reduce the observed directions to what 

tion. The same thing is truo if the object pointed on is eccentric. 

the triangulation station, ns in the cnse of a flagpole, t x e angle meas- 

they wou 7 d have been had tho instrument been centered on the stn- 

Eccentric Station 

The computations involvc the solution of a triangle with a very acute 
angle, and since for very small angles tho sine and the arc nre prac- 
tically in direct proportion, this solution may bo reducod to the 
following compact form: 

d sin a 
s sin 1” 

c=- 

where c is the correction to an observed direction, d is tho distance 
from the true station to the point occupied, (Y is the observed direc- 
tion of the distant station involved, reckoned in a clockwise direction 
as usual, but referred to the direction from the eccontric station to 
the true station taken as zero, and s is the distance between the true 
triangulation stations involved. 

The followin is a sample eccentric com utation for an eccentric 

shown on pago 38. 
instrument a t  t a e station for which a partia P record of observations is 

Sample eccentric rcduction. 

[Eccontricslation: No. 1 ,  Idlewfld.  e (in s o c o n d ? i ) - ~ ~ ~ ~ ,  d-f. P70m.l 

= 0.10580 

Log s i n t i  =6..41823 

CO Lof og sin 1”=5. 31443 
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slation. 

Centor .................................... 
HoUS ..................................... 
Motropolllan .............................. 
Far Rockawoywhoolhouso ................ 
6oasldeIIoLel ............................. 

m 
a Log~ina .  LORI. Lop,& tionin tion-c. 

BWOUdS. ------ 
0 ,  I ,  

0 00 

If the obj,cct observed is eccentric, the heading “Eccontric 
station - should bo changed to “Eccentric observed object 
at  station - ,” the first column should contain the ntiinos of 
the stations hom which this eccontric object wtm obserwd, and 
in each case a is the direction from tho occentric object to the 
distant station involved, reckoned in a clockwise direction as 
usual, but referred to the direction from tho eccontric object to 
the true station, or center, taken as zero. (No distinction noad 
be made between the direction from the eccentric object to the 
distant station and the direction from the true station to the 
distant station except when the eccentric reduction is niore than 
one minute.) The remainder of the computation on this form is 
made in the manner indicated above with reference to an eccontric 
instrument. The reductions to directions are, however, to be 
applied to  observed directions at  the stations namcd in tho first 
column to the eccentric object at  the station named in the lionding. 
The directions to which thpsa-reductions are to be ap lied are thore- 

is the case when tho instrynont is occentric. 
The preceding computation wives the corre:tion to an ohsorved 

diroction. The correction to re%uce an eccentrically observed an le 

two directions which form the angle. Thus for the anglo a t  ldlowild 
betweon Hollis and Motro olitan the correction is +47!‘09 - 22!’10 = 
+24!’99 and between Far gockaway schoolhouse and Soasido Hotel 
is - %?08 - 4!05 = - 401‘13. 

In  computing the eccentric corrections it is sometimes convenient 
to scale an a proximate valua of the distance s from the best chart 
or map avdable and, by using this in the eccentric computation 
obtain an approximate correction to the direction. A triangle cad 
then be solved to obtain a better value for the length s. Tho eccen- 
tric computation can now be corrected for this now valuo of the 
length and a better value for the correction to the direction will be 
obtained. A still more accurato length can now be obtainod by 
recomputing the triangle. I t  will seldom be necessary to mako more 
than two such approximations to obtain a valuo of c which is correct 
to the second decimal place. Where the angle a t  the station occupied 
eccentrically can be concluded and a triangle solved for the deslred 
length, the first approximation will usually be all that is required. 

fore found in the various lists of diroctions and not a F 1 in one list as 

to center is the difference (dgebraic) betwoen tho corroctions to t Fi io 

LIBTB OF DIREOTIONB. 

After taking out the final means in the record book and applyin 
the corrections for eccentrically occupied or observed stations, a i  
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observations at  a given station are thon assembled in tho form shown 

-- - 
FerRmkawe sChoolhouRc .............................................................. 
E d g e r n e r e d i  ........................................................................ 
ArvernoEotel .......................................................................... 
BeealdoHot el ........................................................................... 
Hollis ................................................................................... 
Metro polltan ............................................................................ 

Smnplc lint o j  obemed directiona. 

[Station: Idlewild. Observer: W. V. II .  Computod by: A .  T. M. Chwkod iy: J .  11. S.] 

e # # *  

0 00 00.00 
3 50 s . 7 4  
48 OI 30.31 
07 52 W.OD 

210 19 07.01 
242 6.5 10.11 

Station ollsorvod. 

REDUCTION TO MEAN SEA LEVEL. 

The observed directions must bo reduced to  what they would,be if 
observed at mean sea level if tho computation of the triangulatron is 
to be referred to the sea-level surface. This correction 1s usually 
very small and often ne li ible, but in precise work it must be con- 

0?10. It ie given by the formula'O 
sidered. At stations o Bk e evation of 2,000 m. it will often oxceed 

e2h sin 2 cy cos2+ 
2 p  sin 1" 

whme -* a and 71 are, respectively, the major and minor 
semidiameters of the spheroid of reference; h i8 the height of the 
station sighted; p is the radius of curvature of the sea-levo1 surface 
in a plane normal to the meridian. t#~ is the latitude; and CY is the 
azimuth counted from the south to the westward. 

as 

TRIANGLES. 

Writin down the names of the three vortices of a triangle in a 
given or C f  er does not seem a very important operation, yet it is one 
which must be done by system elae grave errors may result. In the 
work of the U. S. Coast and Geodetio Survey all azimuths and all 
directions increase in. a clockwise dfrection. Azimuths start with 
south as the initial point or zero and Increase through the west (90") 
to the north (180') and east (270') back to south ( 3 G O O  or 0'). Tri- 

1) Bee U. 9. Carst m d  Qeodetlc Burvo Bpedal Publlcatlon No. 19, p. 4!2. Log. er-7.8a06028-IO, See 
U. 6. canat M d  Omletlo Burvey Bpeeln~PubllcetlonlNo..I3 (8th edltlon), p. 19. 
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angles should always be writton in the same clockwise order, startin 
at tho new station in every case. It is advisable, but not so ossentiaf 
that tho triangles in a figure be written down according to a definite 
system to avoid overlooking an of them. In Figuro 15, con- 
sidorin AB as the base or knownTine, such a systematic roceduro 

sido would be CAB. Next at pomt D, considering only the starting 
line and the point C, already used, the trian lea would bo written in 
the following order: DAB, DAG' and D B 8  Finally, a t  oint E, 
all the remainin trian 10s would b e  writton as follows: EA % , EAC, 
EAD, EBC, E8D and  ECD. It will be easily seen that with such 
a system there wid be small chance of overlooking any of the triangles 
in the most complex figure. 

would fl e as follows: Starting at point 0, the triangle on t R o known 

B 

A 
RQ. 15.-F"lvesldod flgum with all llnw obsorvd. 

The standard form for the solution of a triuiigld is given bolow: 

Sninple computation OJ trinnglrs. 

Logarlthnu 
of slrlag 
and dis- 
taoCoB. I ber 01 Litatloll. 

tlons. 

16621"-28--4 
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In  the abovo form the first column headed Number of directions” 
refers to the numbers given tho directions by WILY of designation in 
making the least-squares adjustment, arid in tho column headed 
“Correction” is entered the correction to tho observed mglo obtained 
from the least-s uares computation. The spherical excess is com- 
puted from the ? ormula 

a,&, sin C, (1 -e2 sin2 +)z  
2a2(1- ez) sin 1” Spherical excess = =a,b, sin Ul x m, 

where u,, b, ,  and C, are two sides and the included an&, respectively 
of the triangle, e is the eccentricity of the spheroid of refercnco and 
a the correspondin major semiaxis, and I$ is the main latitude of 

depends only on tho latitude and tho dimensions of tho spheroid may 
be designated by a single letter, m, as shown, and will be found tabu- 
lated on pago 16 of Special Publication No. 8. 

It will be seen that tho abovo tabular com utution is simply a 

to the logs in the last column: That it is the colog sin which is given 
in the second line; that the log in tho fifth line is tho sum of those in 
the first three lines; and that tho log in the litst line is tho sum of 
those in the first two and fourth lines. 

the three vertices o f the triangle. That part of tho expression which 

corn act and convenient arrangement for tho so P ution of tho triangle 
by t R e law of sines. The following points should be noted in regard 

GEOORAPIIIC I’OS’ITIONS AND RECTAKOULAR COORDIXATES. 

After the solution of the trim les the next stop is the corn utation 
of the geographic positions a$ rectangular coordinates. %or tho 
cornputation of geographic positions the engineer is referred to U. S. 
Coast and Geodetic Survey Special Publication No. 8, Formulrs and 
‘Fables for tho Corn utation of Geodetic Positions. Tho necessary 
formulz and tables or the com utatioii of rcctangulnr linear coordi- 
nates will be found in Special ublication No. 71, Itclation Between 
Plano Rectangular Coordinates and Gcogruphic Positions. Theso 
tables are ,repared for a sea-love1 surface, and the trirtligdntion 
must thereEore be reduced to that surface if the tubles aro used. 
(See pp. 30 and 42.) 

In  making use of rectangular coordinates tho dn ‘neer is advised 

is shown the accuracy of plane coordinates at various distancos from 
the origin. By dividin tho territory being survoyed into arcus of 

area, R desired standard of accuracy miiy bo niuintujnetl. Thuse 
areas will not be coordinatc, however, a id  so will not “match up” 
along their common boundaries. 

3 r 

to consult the table on pago 6 of Special Publication % 0. 71, in which 

limited size and establis B ing a impamto orjgin of coordinntcs for each 

LEAST-SQUARES ADJUSTMENT OF T~UANOULATION. 

The least-squares adjustment of triangulation l2 is beyond the 
scope of this publication, but it is well to stuto here what such an 

) I  Rea U. 8. Coast sod Ooodctlc Rrirvcy 8 Bdal Prihlfartlon KO. R (8th alltlon) 
11 Tho matter l a  m y  troaM in u. a. CoavPand aoodotic survoy a p i a l  i w ~ ~ c & i ~ o .  B, Appllsatlon 

7 

Of tho Theory of Lesst Bquaros t o  tho AdJusImeat of Trlaagiilatlon. 
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adjustment accomplishes and to direct the engineer dosirous of going 
more fully into the matter to those publications Is which will best 
serve his pupose. 

In  computmg t~ chain of triangles cxtcnding from one bnso line 
to another the followin discrepnncios will devolop : 

oqual exactly lSOo plus the spherical exccss of that trian le. 
Second. In  a uadrilateral tho lon th of an unknown si f e will have 

two different va 't ues when compute$ through the two d8ercnt sets 
of triangles. 

Third. The measured icngth of the second base line will not agroe 
with its length as computed through tho triangulation from the 
first basc. 

Fourth. When tho threo kinds of discrepancies just mentioned 
are cared for by arbitrary changes of the mgles, and tho latitudes, 
Ion itudes, and azimuths of the triangulation tire computed starting 
wit a points fixod in position discrepancies in latitude, longi tudc, 
and azimuth will be developed a t  the othur fixed points to which the 
triangulation is connected. 

It is the function of the least-squares adjustment of a trimigula- 
tion to eliminate all these discrepancies. It can be mathcmatically 
dcmonstrutod that the corrections to the unad'usted qunntitios thus 

squares adjustment of a triangulation net will determine the most 
probable and mutually consistent values of tho lengths, tuimutjis, 
and positions. Tho vnluos obtaincd through tin arbitrary distribu- 
tion of discrcpancios arc only tentative. 

First. Tko sum of the 7 l r  t ce obsorved mgles of a trianglo will scldom 

obtained are the most probablo ones. In  otier 1 words, tho loast- 

I'ROIMBLE ERROR 01" AN OBSERVED DIRECTION. 

A probable error of an obscrvatioii mny be drfiliod t ~ s  nn error 
such that the chances are oven as to whether the actunl error is greater 
or loss than that amount. Tho most criticnl test which ctin bo nppliod 
to the accuracy of triangulation is to dctermhie tho )robablo error of 
an obsorvod diroction. This is given by the formu \ a 

d=0.674 -, 47 
where d is the probnble orror to an obsorvod diroction, Zd is the 
~ u m  of the squaros of tho corroctioiis to the directions, and c is the 
number of conditions. 

I'ROBADLIC ERllOlt OF Tlfl': LENOTlI OF A TRIANGLE SIDE. 

l'he @quare of tho probablo error p of the logarithm of a trianglo 
side as computud through u chain of trianglos is given by the equation 

in which d is the probable error of an observed direction in seconds, 
D is the numbor of directions observed, Cis the number of goomotric 

11 Bee blbllography, p. 76. 
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Probablo 
error 
of an 

observcd 
direction. 

conditions that must be satisfied in the figure, and and 6? aro the' 
differences in the sixth place of the lo 
difference of 1" in the an les A and B, 2 being o posite the n o m  
side of the triangles and 8 opposite the compute f sido. 

As an example, take the simplest case, a point determined by a 
single triangle from a known baso, all an les being measured. In 
this triangle there will bo six directions a n t  only ono condition, that 
re uired to make the sum of the throe angles equal to 180° 

slmple figure is 15 in tho sixth place of ldgarithm. 

direction. 

Vo a 

Flus the sp R erica1 excess. Assume that the limiting value of Zi! or this 

sines corresporidin 

Then the following table gives the probablo error of a 
for various lengths of side and various probable errors of 

lmllo 
(1,W m.). 

Probable error of the length of a triangle side. 

[R=15.] 

Longth of trinriglo sldo. I 
2 mllm 

(3,218 m.). 

mm. 
7 

10 
13 
17 
20 
23 
20 
30 
33 

-- 

3 mllcs 
(4,828 m.). 

mnr. 
10 
16 
20 
25 
30 
35 

46 
M 

40 

4miles 1 timiles I 
(0,437 m.). (8,046 m.). 

For a line 3 miles in length and a robable error of OI'5 for an 

line will be 26 mm. or ap roximately 1 part in 190,000. Assuming 

an even chance that if tho point thus located is lost it can bo re- 
located within 25 mm. (about 1 inch). 

In using the above table i t  must be remembered that the values 
are computed on the assumption that the point is determined b 
sin le tnangle having a value for R equal to 15. Reducing the va ue 
of % will reduce the probable errors abovo tabulated, and vico versa 

AUCURACY WITH WHICH A TRIANGUUTION STATION Y A P  BE 
BEE STABLISHED. 

observed direction the resulting probab P e error for the length of the 

that this is also the proba \ le error of the resulting position, thoro is 

7 "  

A triangulation station which has been destroyed ma bo replaced 
from near-by stations as follows: Occupy two of t 31 e recovorod 
stations with a theodolite and set a point on tho round closo to tho 

osition of the lost point by turning off from eaci station the anglo 
Eetween the other recovered station and the lost station as takon 
from the adjusted com utation. In some cases inarks may remain 
on the ground which w$ enablo one to identify an ap roximato loca- 

signal in the approximate location thus found arid make a standard 
determination of its position by observations from at lcast throo 

tion for the lost point without this"additiona1 wor I: . EBtablish a 
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recovered stations. Tho coordhatos (spherical or plano) of tho now 
point aro then com uted by a least-squares adjustmont and com- 

coordinates aro reduced to an azimuth and a distance, which can be 
readily laid off on the ground with ractically no error, and the origi- 
nal.point is thus rcostublished. IFthe lost point and its immediate 
vicinity aro notvisiblo from the recoverablo stations, the dotermination 
of the position of the a proximate station must bo made through a 

Actual tests of the closeness with which a station may be replaced 
are available from data of the U. S. Coast and Geodotic Survoy ob- 
tained when new triangulation is started from previously establishod 
stations. While new triangulation may actually be based on only 
two old stations, tho third is roquirod to rove the recovery of the 

extended from tho vicinit of Mount Shasta, Calif., to the eastern 

azimuth, and position on stations of the 1904 Cal' ornia-Washington 
arc. In the triunglo of the 1904 work which was recovered, one 
anglo was remeasured iU 1920 with 11 ositions of tho direction 
instrument, a second mgle was remoasure a with a singlo set of obser- 
vations with a ro )eating theodolite, and tho third angle was concluded. 

shorter than tho old by 1 art in 310,000 (4.0 inches) and 1 part in 

miles in length. 
At the eastern end of the s m o  arc, where in 1920 two angles of 

the recovered triangle (1916) were remeasured with the full 16 posi- 
tions of the direction instrument and tho third angle concludod, the 
1920 lengths were found to be shorter than the 1916 adjusted l u n  ths 
by 1 part in 434,000 (4.4 inches) and 1 part in 8G9,OOO (2.9 inc P os) 
on lines, respoct,ively, 30.4 and 39.6 statute milos in length. 

For tho connections just doscribed only sufficient obsorvations 
were made in 1020 to vorify the recovery of the old stations. Had 
i t  been desired to reestablish one of the old stations from the othor two 
all three anglos of tho triangle would liuvo boon observed with the fd 
16 positions of the direction instrument. 

pared with the coor C Y *  inatos of the lost point. Tho differonces in tho 

system of triangulation 7l ased on rocovered points. 

other two. For example, in 1920 an arc o P procise triangulation was 

border of Oregon. At its d alifornia end this arc de onded for length, 

A comparison o 2 the computed lengths showed the now lengths to be 

217,000 (10.9 inches) on P inos, respectively, 19.6 and 37.5 statute 

9 

PRINCIPAL TRAVERBE. 

Tho primary purpose of tho principal traverse in city surveying 
is to make tho geodetic control readily available for the detail surve s 
by dotormining tho positions of numerous stations in accessib ;Y o 
locations. 

In addition to this temporary value primary travorse has a erma- 

area of tho city, for it provides permanent stations with accurately 
determined positions within a short distance of an point in that area. 

a base lhic but with such modifications as to increme the speed with- 
out allowing the accuracy to fall below that of tho triangulation 
which controls it. The use of invar tapes stretched flat on the pavo- 
ment is recommended, and also the use of markers for the tape onds 
which can bo quickly and cheaply put in place. (See p. 18.) In 

nont value in connection with all futuro plans and surveys wit R in the 

Principal traverso may bo measured in niuch t T l  e same manner as 
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U. S. Coast and Geodetic Survey Special Publication No. 58 will be 
found general 

In  making connection 
building, which can not 

tion station may be computed with 
the triangulation station above the travcrse 
be large and i t  will tliercforo be ncccssary to ive careful considera- 

telescope. (Sce p. 40.) After the instrument has been )ut in rn close 

the actual inclination of the axis in order to apply a correction there- 
for. 

tion to the corrcction for inclination of the f;‘ orizontnl axis of the 

adjustment as is possible the stride level should be use J to determine 

COMPUTATION OF TRAVERSE. 

Although traverse is one of the simplest of surveying operations, 
the computation of traverse involves problems which are rather 
difficult of exact solution. In  triangulation, where only an occa- 
sional base lino is measured and the other sides are obtained through 
the mathematical relationship existing between triangle sides and 
sines of opposite an Ics, condition cquations can be formed biised on 

ical relationship existin between the angles and the distance meas- 
ures. A traverse whic extcnds indefinite1 from a starting point 
without closin either on itself or on some nown base is not even 

In  a travurso which closes cither on itself or on adjusted stations, 
quantitative,errors are dcvcloped. Often it is im ossible to tell 

what proportion to  length i~icasures, esce t that corrections to the 
angles are cnerally rcc uired to close on t e fixed line. It is some- 

errors than to angle errors, as, €or example, when all the sections of a 
travcrse extend in one general direction and the closure is in the same 
direction. In such a case thc major portion of the correction is 
obviously a length correction. With a Itnowledge of the accuracy 
attained in thc an le and length mcasurcs, the com uter can often, 

limits how much of the closing discrepancy to attributo to angle 
metLsurcs and how much to length measures. 

A number of different ways have been proposed for eliminatin 
the discrepancies which will occur in any closcd traverse. One o 
the simplest is to place equal corrrctions on ench angle, and then 
using the angles thus obtnincd to compute the latitudes and depart- 
ures, and to distribute the discrepancies of closure in proportion to 
the computcd quantities. With the coordinates thus obtained for 
the various points new azimuths and distances between stations 
must be computed. 

This method is satisfactory provided that all angles have been 
measured in such a way as to be of equal wei ht, that all measured 

exists u consistencv between the standnrtls for meusuring angles and 
those for mcuuring clistunccs. This lust condition may be illus- 

this relationsliip. B n traverso work, however, there is no mathemati 

E 
susceptible of % cing correctcd for acciden t d  errors. 

what proportion of these closing errors are due to ang f o measures and 

times possi % le to say t ! iat an error of closure is due more to length 

by the exercise 0 ’  7 good judgment, determine wit L ’n satisfactory 

7 

K 

lines arc of an accuracy proportional to  thcir P engths, and that there 
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trated as follow: For an anglo of 4 5 O ,  both the sine and cosine 
chango 1 in the sixth place of lonarithms for a change of one-half 
second of arc, while 1 in thc sixti; place of the logarithm of a dis- 
tance represents 1 part in 434,204. Therefore, to kee the errors of 
meitsurement down to 1 art  in 50,000, the errors of t K e angles must 

A method which has boon developed in the U. S. Coast and Geo- 
dctic Survey for ntljusting traverso computed on geo rnphic coordi- 
nates is givcn in Specid I’ublication No. 79, entitled “&ecIsc Traverso 
and Triunguliition in Indiana. ” 

measured 
on the ground cnn not be adjusted to triangulation which has been 
computed on the sea-level surface until sea-level corrections have 
been applied to the traverse. 

It is usually desirable to rcduce traverse positions in a city to a 
rectangular system of coordinntes. A standard set of traverse 
tables will bo found convenient for this purposc.l‘ 

not exceed 4.5 scconds o f arc. 

Always remember in precise work that traverse lengths 

(See p. 30.) 

THE CITY MAP. 

Onc of the final results of a survey is 11 map of the area covered. 
The frnmework of this miip is constructed by plotting the known 
positions, determined by tho geodetic survey, on some form of map 
pro’ection. Tho bcst kind of projection to be used is a vital question 
and must bo viewed from sovcral anglos. The re resentation on 
a plane of an area which approximates a ortion o P a sphere must 

on tho map roportionul to the areas on the earth, form must be 
sacrificed an B an “equnl-area” projection used, but if a conformal 
reprcscntation is more to be desired, then a distortion of scalo must 
be acccpted. In  gencrnl, some one element of thc map, as area, 
form, or azimuth, may bo held close to tho truth, but always a t  the 
expenso of the other olcments. Fortunately the area covorod b the 
averngc city is so small that its doparturo from a plane, when re B uced 
to the scale of a map, is generally negligiblo, and for this reason what 
is generally termed a rectangular linear pro’ection will near1 alwa s 
serve. For this projection a center of coor d inates is adoptedfusud$ 
a triangulation station near the center of the area involved, and 
the plmo coordinates of the remaining triangulation stations are 
computed with reference to this center and tho meridian through it. 
The transformation from oographic to plane coordinatos may be 
easily mude b using U. S. &ast and Geodetic Survey Special Publica- 

Geographic Positions. On pago G of that ublication is given a 

jection for small ar&s in latitudes not exceeding 50’. This tablo 
shows that for a point whoso distance from tho origin of coordinates 
is 18.6 miles, the accuracy is 1 part in 100,000 or greater. 

For general use, as for the construction of a wall map on a small 
scalc, a geographic projection is desirable. Such a projection is 
tho polyconic projcction, which has had many yoars of use in Fedora1 

involve some kind of distortion.lG If i t  is B esired to make the areas 

tion No. 71, s tclation Bctween I’lnne Rectangulnr Coordinates and 

table of maximum crror which occurs througi F the uso of this pro- 

~~~ ~~ 

14 A vory sntlsfactory sot of tablos Is Traverse Tsblw by R.  L. Quiden. TheSe tnblw I\ o latltudw and 
arturos t o  four lami of doclma1.u for overy mlniita of azimuth and for longthy of 1 to 1 1  h t s .  

&BSe, U. 8. CoasFeud Oeodotic Survey Spocl~l l’ubllmtiou No. OB, Xlomonts of Map I’roJecllon. 
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surveys and Is easily constructed. A description of the methods of 
construction and the required tables are given in U. S .  Coast and 
Geodetic Survey Special Publication No. 5,. Tables for a Polyconic 
Projection of Maps. For a small area this projection is virtually 
a rectangular projection. 

GENERAL CONCILWSIONS. 

The main advantages of a goodetic control for city survey work 
are accuracy, convenwnce, and economy. With eodctic control, 

between any two pieces of work there will be complete coordination 
within the specified limits of accuracy. It may be desirable to map 
a city in somewhat irregular fashion, surveying first those sections 
where the need is most pressing, or i t  may be advisable to survey tho 
entire city within a limited tirnc. In either case geodetic control is 
very necessary and useful. 

ma ping operations may be started a t  a numbor o 9 diflerent aces 
at t R e same time with the assurance that when a junction is efktet l  



Part I1 I .-MAKING THE SURVEY-VERTICAL CONTROL. 

GENERAL REXARKS. 

Tbcrc arc vcry few cnginvering undertakings which do not require 
tho dctcrmination of olovutions or of differences of elevation. The 
required accuracy varies from that needed in building a mountain 
trail, where a hand lovel or erhaps the unaided oye may be used, 

In the modern city the nccd for a system of accurately determined 
elevations is very grrrrnt. Tho sewer system is but one pf a number 
of projects which emphasizes this neod. A sewer system is essentially 
a system of gravity drains, and there is a well-established rolation- 
shjp bctwean the SILO of sewer and the radient for a iven quantita- 

thoro is no moro prolific source of error in city work than bench 
marks lmsed on sovcrul different datum planes. Tho precise levo1 
surve should conncct with bonch marks of all preexisting systems 

may be in uso in various parts of tho city or by different organizations. 
Quito ofton in tho past nn engineer needing a datum for elevations 
simply nssumcd one but practically all enginocrs at  the present 
time ugrcc, that thc uitirnatc datum for all olevations should bo moan 
soa lov(?l.'O 

to the precise requirements o P sower designing in a city of flat contour. 

tivo service. Fault sewer design is o B ten due to the 9 ack of a com- 
pleto and accuratey 9 coordinated system of elovations. In fact, 

and B otormine equations for all tho various datum planes which 

PRECISE LEVEL I N B T R m N T .  

The instructions on p ~ g o  53 are for uso with a U. S. Coast and 
Geodetic Survey typo of levcl instrumont. This instrument fully 
satisfies tho re uimncnts of tho moat reciso clnss of work and is 

as the demand for it by othor organizations has nmdo i t  possible for 
$he ,private engineer to socure one for his o m  use, if he so desires, 
without unreasonable exponso or bother. 

An ideal lovel mstrument is ono having a sensitive and accurately 
graduated level so connectod to a telescope that the line of collima- 
tion and the tangent to the center of tho level tube remain accurately 

I prallel. The instmnont must also be so constructed that the 
eubble may bo hold at  tho contor of its tubo while the rod reading 
i s  made. 

In 1896 u committee was appointed b the Superintondont of the 

instrumonts in use for precise leveling. As a result of the work of 
this committee a new reciselevelin instrument wm dosigned and 
constructed by E. G. Jscher, chief o P the instrument section of this 
burenu. This type of instrument has been in constant use by the 
U. S. Coast and Goodotic Survey for moro than two decados, and was 

easily and rapid P y httntlled. Its uso is no P onger limited to this bureau, 

U. S. Const and Goodetic Survoy to stu d" y the various mothods and 

-.**___c -. -- _I_---_ -- 
18 PPO U. S. Cupt  p~ld GeoJotia Survoy Ypedal I'ublloution No. 41, Vye of h h i i  SOB Lovol 83 tho 1)atum 

KT Elsvntioiis. 
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used on the precise level surveys of New York City and Cincinnati. 
The excellence of the original design has been well proven. Only 
two improvements have been mado in tho instrument, one a slight 
change in design and tho other a change in the material of which i t  
is constructed. (See below.) 

roblem was to 

collimation. This was accomplished by sinking the level vial into the 
main telescope of the instrument as near to its center as could bo dono 
without interfering with tho pointing line, and by using invar for 
those parts of the instrument upon which depended the above rela- 
tionship. Within tho last year or two i t  has become ossible to 
so mani d a t e  invar that all parts of the instrument can E e made of 
it, and urin the past senson an all-invar precise level has been in 

S. Coast and Geodetic Survey. This new instrument use by the 2 
has one small change from tho design of the original instrument, 
nsmcly, the telescope is ivoted at  its middle point instead of at a 

possible systematic error which raisin or lowerin the telescopo on 

In general dmign the precise level is a binocular instrument (see 
Figs. 16 and l?), in which tho seconda or left-hand telescope provides 

The tripod is mado of such a height that the observer stands erect. 
In  operation tho instrument is first approximately leveled with tho 
attached circular level, and then the micromator screw is used to bring 
the bubble easily and uickly to the middle of its tube. The observer 

means o€ the micrometer screw whilo with tho other eye he reads tho 
on tho level rod. A 

In designing this instrument tho fundamental 
insure a constant relationship between the level via f and the line of 

B 

point a short distance a R end of the center. This eliminates any 

tho micrometer screw might have ten % ed to intro f uce. 

an easy means of viewing tho level bu Y ble while making tho pointing. 

then watches tho  bub 1 le with one eye and holds it a t  the center by 

in Appendix 3, U. S. 
1903, and also in the report, 

OTHER LEVEL INSTRUXENTS. 

It may sometimes be necessary for a city to make use of level 
instruments already in its possession, and where such is the case a 
study of the instructions given herein for precise levelin (see p. 63),  
and a careful study of the particular instrnments avai able should 
result in work of a Character which will approach the required ac- 
curacy of preciso levels, but it will not be accomplished as easily nor 
as rapidly and economically aa with the type of instrument described 
above. In using any type of level for precise levolin i t  is very im- 

the lengths of sights and shorten tlicm to a oint where the targetmay 

as projected on the level rod instead of only one. 

portant to keep the collimation error as small as possi fl le, to equalize 

bo dispensed with (seo p. 53), and to  read t R ree lines of the diaphragm 

LEVEL ROD. 

The level rod used in the work of the U. S. Coast and Geodetic 
Surrey is a direct-reading rod, graduated metrically. For years the 
rod used had a symmetrical cross section of the form of a cross (+) , 



Special Publication NO. 91. 
________ 

'IG. 16.-STANDARD TYPE 01' U. S .  COAST AND GEODETIC SURVEY PRECISE LEVEL 
(BEFORE 1921). 

FIG. 17.-STANDARD ALL-INVAR PRECISE LEVEL NOW U S t D  BY T H E  U. S. COAST 
AND GEODETIC SURVEY. 



Special Publication NO. 'JI 

=IG. 18.-PRECISE LEVEL ROD, O L D  TYPE, 
WITH WOODEN FACE A N D  CONVEX 
FOOT. 

FIG. 19.-PRECISE LEVEL 
R O D ,  W I T H  I N V A R  
FACE AND FLAT FOOT. 





Special Publication No. 91. 

4 
FIG. 21.-USING A R A I L  SPIKE A S  A TURNING 

POINT. 
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and was made of white pine impregnated with a r a f i e  to render i t  
impervious to moisture aa far 11s possiblo. Fhese wooden rods, 
however, wore fqund to vary in length accordin5 to weather condi- 
tions. The rod i n  present uso in this survey is mado of a single 
piece of untreatcd white pino a little over 3 m. long, 8 3 . m .  (3.27 
inches) wide, and 28 mm. (1.10 inches) thick, with a strip of invar 
26 mm. (1.02 inches) wide attached to i t  on which are the centimeter 
graduations. This invar strip is made fast 
to tlie shoe of tlio rod, but is so hold in a groove against tho rod itsolf 
as to be froo to expmd or contract in a longitudinal direction. Tho 
temperaturo coeficient of the invnr rod face is only about 0.000001 
por degree contigrade. The tcm eratiire of the rod is determined by 
a thormometer set into tho woo$ and protectod by a slide, and an 
attached circular level indicates whcn the rod is vertical. The older 
ty e of rod had a slightly convex foot, but the foot of the new 
1.0: is a pltine. Tlie system of graduations used on the rod has 
been devc oped tllrough years of uso and is very satisfactory. (See 
Fi 19.) 

&he essentials of d good rod are accuracy, straightnoss, temperaturo 
control, and an easily road system of graduations. Lightness and 
balance might also be included. For an important survoy tho rod 
len ths should be standardized at  the U. S. Bureau of Standards. 

the longths of the rods during field use and discovoring any unex- 
pected changes. 

There is no question as to the superiority for precise work of the 
direct-readin rod over the tar et rod, and oven in 

tl, direct-reading 
more efficient and economical. The targot rod ma 
greater distances than tho direct-reading rod, but 
uncertainties of refraction over tho longcr sights and 
ficulties of equalizing the longths of si hts overbalance this advantage. 
Although tho direct-miding rod wi P 1 undoubtedly require shorter 
sights and thereforo more set-ups, tho obsctrver wdl hnvo complete 
control over his progrcss and tlio timo ordinarily required to make a 
close setting of the ttlrwt will be eliminated. As Frederick W. Koop 
stated in the roport, &wise Lovcling in New York City: 

Preciso leveling carried on by tho national surveys and by the Euro ean Govern- 
ments has conclusively demonstrated the supeiiority of the direct-roaring rod over 
the target rod. With a good instrument tho thread readings a n  bo nccurately taken 
in 1w time than is roquirctl to sot B turgct, and thomean of tho throe readings ismuch 
more accurate than u turgct rollding. * * *. 13iroct-reading rods aro, for many 
racons, superior to targot rods, uud uigl i t  t o  utlvantago be more generally used than 
is at prwent the ('we. 

(Soe Figs. 19 and 20.) 

A s a ort invar tape should be kept solely for the purpose of tosting 

level work t f: 10 writer believes t i n t  5 

INSTRUCTIONS FOR PRECISE LEVELING. 

Tho instructions for precise leveling followed by the U. S. Coast 
and Goodctic Survey, und used ns IL basis for tho precise level surveys 
of Cincinnati and New York City, aro given below with modifications 
only in certain minor dotails which requiro special consideration for 
city work : 

1. Excopt whoro special ronmns exist for procooding othorlvisel all linea nre to be 

2. Tho level riot of tho city is to be connwted with all adjwtcd preciw, level marks 
leveled over indepentlcntly in both tho forward and backward directions. 
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@ablished within the area of the survey by tho U. S. Conat and Geodetic Survey, or 
by any other organization. 

3. T h e  level net  of tho city is to be connected with at leaat three bench marks on 
each datum within the area of the survey i n  we by the city or by  public-utility cor- 
porations. 

4. All old bench marks are to be called by their original namea or numbers and are 
to be fully described by  quoting and amending the o r i e a l  descri tions. 

6 .  It is deeirable that the backward meaauro of a line be  mago under different 
atmoepheric conditions Prom those which occur on the forwad meaeure. This is 
accompliahd by  making the two measurea on different days or in  the forenoon and 
afternoon of the same day. 
6. On all sections whero the ~- forward and backward m?!ireediffer by  more thnn 

4.0 mm.Jlenrrth of eection i n  kilometers (or 0.017 foot JlenRth of soction in  miles). 
both the'forGard and backward measurea are to  be  repeated until the  differenco he- 
tween two such measurea falls within this limit. No one of t h e  qucationed measures 
is to be used with a new meaaure in order to aecure this agreement. 

7.  If any measure over a section givca a result differin by  more than 6 mm. (0.020 
foot) from tho mean of all tho measures over the soction, tfua measure shall be rejected. 
No rejection shall be  made on account of a residual smnller thnn 8 mm. u n l w  there is 
wme good reason for ails ecting an error in this particular measure, in which cam the 
r m n  for tho rejection &odd bo fully s t a M  i n  tho record. 

8. Whenever a mistake, such as the misreading of 1 dm. or 1 m., or nn interchange 
of sights (the backsight being revorded as the foresight), is discovered in  any measure 
after i t s  com letion and the n e c m r y  correction applied, such mentnire ma be re- 
tained proviaod there are at least two other mensures over the aame section w&ch are 
not subject to any such uncertainty. 

9. The program of obaervation at each station should be aa follows: Set up and 
level the instrument. Read the  three linea of the  diaphragm aa seen projected against 
the front (or rear) rod, each reading being taken to  the nearest millimeter estimated , 
and the bubble being held continiiouslp in the middle of the tube (i. e., bot 6 1  ends rea - 
ing the same). A s  won thereafter aa pmsiblo read t h e  three lines of the din hraqm 
as Been rojccted agninst the rear (or front) rod, estimating to millimeters and Eolding 
tho buhi le  i n  tho center of the tube a8 before. 

10. Allinstrument stations aro to be numherod i n  the record, being given consecutive 
numbers bofinning with 1 for the first station of each day. 

11. At stations of odd numbera the backsight is to be taken before the formight, and 
at even numhered stations the foresight is to be road before the backsight. As the 
mme rod is held on a rod station for both formi ht  and backaight tho effect of this 
gropnm is that the aame rod1' is read firat at eaci set-up, it being the rod uaed for the 

12. A t  ew.h rod station the thermometer is to be read to the nearest degree centi- 
grade and the temperature recorded. 

13. The difference in length between a foresight and the corresponding backsi ht 
must not exceed 10 m., and this difference is to be made os small on each pair of aigib 
ati is feuible by the UBO of good judgment without any oxpenditure of time for this 
partic-ulnr purpose. 

14. The revorder shall kee a record of the rod intervals subtonded by  the extreme 
lines of the diaphragm on eact  bachight, together with their continuous sum between 
contiguous bench merka. A similar record shall be kept for the  foresi hta. The two 
continuous sums shall bo kept aa nearly equal aa is feasible, without %e expenditure 
of extra time for that purpose, by changing the relative length8 of the backeighte and 
formirhta, subject always to the re uirementa of 13 (above). The two continuous 
m u m a h  a sochon shall not he allowe! to differ by  more than a quantity corresponding 
to a cliEltnnce of 20 m. 

15. Once during each day of observation the error of the level should he determined 
in the regular c o u m  of tho levoling and recorded in B separate opening of tho record 
book aa follows: Tho ofdinary ohservations at an instrument station being completed, 
tranacribe the lnat foresight reading aa pnrt of the error dctormination, call up  the back 
rod and have it placed about 10 m. back from the instrument, read the rod, move the 
instrument to a mition about 10 m. behind the front rod, read the front rod and then 
the back rod. &he two instrument stations are between the two rod pointa.) The 
rod readings must be taken with the bubble i n  tho middle of tho tube. The required 

achight  at the fimt instrument station. 
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constant to be dotormined, namely tho ratio of tho requirod corroction for any rod 
reading to tho corresponding subtended interval, is 

sum of near rod roadinge) - (sum of dietant rod readingel- 
‘=bum of distant rod intervals) - (sum o h e a r  rod intorvale) 

The total correction for curvature and refraction must bo appliod to tho stun of the 
dhtant rod roadinm bcforo using it i n  tho formula. The lovel should not beadjustod 
if cia lese than 0.005. If C is botweon 0.005 and 0.010, tho obeervor ie advised not 
to  adjust the lovel, bu t  if C is oator than 0.010 tho adjustmont must bo made. If 
a now adjustment of the lever i s  made, C should at onro be rodotorminod. It is 
deeirable to have this determination of the level error (C) made under the usual 
conditions ua to length of sight, character of ground, elovation of line aliove ground, 
etc. The adjustment of the instrumont to reduce C must he mado by movlng the 
level vial, not by  moving tho roticle. (See p. 63.) 

16. Notes for futuro uao i n  studyin loveling errom should bo inserted in the rocord, 
indicating tho timo of lxginning a n i  ending the work on oarh scction, the weathor 
conditione, especially as to cloudiness and wind, tho diroction of the sun with reference 
to the direction of tho running of the line and traffic conditione such t18 tho near 
paeqe  of heavy trucks and cam. Such other notes should be m d o  ae promiso to be 
of valuo in studying errore. 

17. The instrument shall be shaded from the direct rays of the sun, both during 
the observations and when moving from station to stahon. 

18. The maximum length of sight shall be.150 m., and this maximum ahall be 
attained only under the most favorable condihons. 

19. At l o u t  onco a month, during the progroea of the leveling, a ta t  must bo made 
ot  tho adjuetmont of the rod levels, and a statcmont Rhould bo insortod in  tho record 
showing the manner in  which tho test waa made, whother tho error waa found to be 
outside the limit stated below and whether an adjustment was made. With the 
bubble of the levo1 rod hold at tbe center, the deviation from tho vortical of the plane 
intersecting the centor of tho fFe of tho rod thynighout ita longth and normal to the 
face of the rod must be dotemned.  The dewahon from the vertical of the plane 
coinciding with tho fare of the rod must also bo determined. If tho doviation from 
the vertical exceeds 10 mm. on a 3 m.. length of rod, the rod lovel must bo adjusted. 
20. The forward and backward runiungs along any  hne must bcgiri and orid on por- 

manont bench marks. No temporary bench marks may bo usod to hold the Iino, 
even overnight. 
21. All bench marks should be oetabliahod a sufficiently long timo before the first 

levelin over them to ‘ve them t h e  to aesume a pormnnent BO!. 
22. #helengthof sig%tshould bekoptjustlong.enoufih to ro mrea~notlerateamount 

of rerunnin 
to m ~ l i t a  sukciently shortto insure eaay readin of tho rod, thc amount of rerunning 
requlred under paragraph 6 will be very small, t u t  tho roqreee will be slow. On the 
other hand, if tho obeervor attempta to take aighta of thokmitinr: longth, tho rcrunniug 
will bo la e and by remon of thht 1-e amount of rerunning the progroas will likowim 
be slow. ?t is bolioved that tho maxmum speed consistent with the requirod degroe 
of accuracy ml1 bo sec,yred by  continuelly keeping the length of eight such that tho 
amount of rerunning ~ n l l  be from 6 to 15 per cent. Obeorvoru will find it a coiivonieiit 
rule in fixmg tho length of a g h t  to shorten the sightawhonovor tho u por and lowar 
thread intervals subtended on the rod are found to  dlfier froquentl y \y moro than p 
selected limit. This limit should bo selocted by each obeervor from his own oxpon- 
enco b y  noting tho relation botwoen some rovisional limit and the amount of rorun- 
ning found necesaary whilo using it. S U C ~  a rule is based on tho idea tliat the orrora 
which are oncpuntorod when the length of ai h t  is incrwed aro, in the main, thoso 
due to tho uqcidontnl errore in reading tho rode. 

23. While it 18 not adwurble from our prosent knowk&e of tho matter to attornpt 
to state allowable hmita for the rate of divor enco botWQQn the forward and backward 
runnin 

24. \Eon caees.aris0 which aro not provided k r  i n  t h w  iwtr ctipns, tho U. 9 
Coast and Geodetx Survoy will be glad to aid with its advice.'* wnll bo glad ais; 
to receive any suggestions which might tend to improve the proceduro hcrein laid 
down. 

If an ohserver is extremely caut~ous and con f? nee all his observations 

of a line, we know that t h u  must %e ko t small. 
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RIVER CROSSINGS. 

It will occasionally be necessary in making a city survey to. carry 
a line of precise levels across a river or arm of water too wide for 
ordinary SI htin and not s anned by a structure of sufficient stability 

in in len th from 
790 to 4,400 feet, were met with in tho survey ofyew%ork &ty. To 
secure an accuracy comparable with what is attained in the regular 
leveling over land, two general methods hnvc bccn doveloped, known 
as the fixed-target and the movable-target methods. 

to carry a i f  'ne o levels. $en such crossings, v 

MOVABLE-TARGET METHOD. 

On the New York City survey special targets wcre constructed for 
each river crossing. These targets had tho same gcnoral design but 
differed in absolute dimensions and in some details of design, depend- 
ing on the width of the crossing, Thcy were clampcd onto tbe re ular 

nearly alike as possible. 

held on bench marks or turnin points about 20 feet distant from each. 
After each observer had read L o  near rod ho then sighted across the 
river and by prearran cd signal waved the target into position a t  the 

forming the corresponding operation. In  order to permit u change 
in atmos heric conditions to take place, fivo minutcs wcro allowed 

set. After 10 such sets had been obtained the o servcrs changed 
stations, each observer takin his instrument with him, and 10 more 
sets were observed, followe 6: by readings on tho near rods. Such 
a series of observations will ordinarily ive a satisfactory dotermina- 

If the 
result should not have the accuracy desired, t e atmos licric condi- 

such a time that the observations will be least likely to be subject 
to any abnormal refraction. Particular attcntion should bo paid 
to seeing that the line is not too close to tho water, and that observa- 
tions are not made when tho sun is shining bri htl in patches on the 

the focus nor any disturbanco of the line of collimation of tho instru- 
ments from tho time the transrivor obsorvations m o  stnrtcd on one 
side of the river until after the observers have exchanged ositions 
and completed tho transrivcr observations from the other si a e. Tho 
instruments should bo handled carefully and protected against jars 
while being transported across the river. 

It is readily seen that the mean of simultaneous observations will 
be free from the effects of curvature and ordinarily from those of 
refraction. In  practico it is best to combine tho 10 readings on each 
rod in each set by takin a straight mean before subtrncting to 

to study tho actual obscrvations with tho vicw of determining if any 
of them are beyond the limit of rejoction. 

level rods., The observations wcm made simultaneous1 from B 0th 
sides of tho river and required, therefore, two levels W U C ~  F 
ad'usted and were set up on opposito sides of the rivcr with tho ro d s 

same time that the o t server on tho other side of tho river was per- 

t o  elapse i efore the targets were again waved into osition for a new 

tion of the difference of elevation of t %l e two rod stations. 

tions should bo carefully studied and moro se B ; P  shod bo taken at 

water through breaks in the clouds. Thero s % 9  ou d be no change in 

were as 
The instruments were very careful1 

\ 

obtain an approximate di B ercnce of elevation. This also enables one 
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A safe rule to follow in rejecting observations is given in The Ad- 
justment of Observations, by Wright and Hayford, nnd is as follows: 

Iteject each observation for which the residual exceeds five times the probable error 
of a eingle observation. Examine each observation for which the radual  exceeds 
three and one-half times the robable error of a single observation, and rejoct i t  if  any 
of tho conditions under whit% the observation waa made wero such aa to produce any 
lack of confidenco. 

The probable error of a single observation is computed from the 
formula 

in which T is the robable error of a sin le obsorvation, Zua is tho sum 

should, if possible, be roplaced by nnothor observation, in order that 
the computation may be kopt as simple as possible by avoiding the 
introduction of une ual weights. 

separate sets for index error of rod, rod longth, and temperature, 
the results may be combined into one mean, giving the final diffcr- 
once of elevation of tho rod stations. Tho computat'ions may bo 
made by combining either tho means corresponding to simultanoous 
observations or the means representing a given instrument in its 
two ositions. If tho sets of observations are perfoctly symmetrical, 

of the s uares o P the residuals from t B io arithmetic moan, and n is 
the num B er of observations. Whero an obsorvation is rejected, it 

After correcting t B o approximate difference of elevation from the 

tho f! nal result will be indepondont of how the combination is made. 

FIXED-TARQET METHOD. 

In  this mcthod the micrometer screw of tho instrumont is usod 
to make readings on the rod above and balow tho lcvcl lino of the 
instrument. It is essentially a method of vertical angles into which 
tho absolute values of the vortical anglos do not enter. The stations 
are solectod with due rogard to water line and hoi 

.surface, and the rods aro held in placo by guys. 
clamped on ench rod in such position thnt ono is 
bolow the point on tho rod intersected b tho middlo wire of the 
diaphragm when. tho instrument is leveT. A sin lo observation 

wire bisects the up er target, another whon the instrument is made 

Tho positions of tho targcts on tho rod mny bc closcly mctsurcd, 
using dividers and scale. Tho point at which tho mitldlc wiro cuts 
the rod when tho instrument is levcl mny then bc cnsily computod, 
the intercepts on the rod boin in direct proportion to tho differences 
of tho micrometer readin s. Fhe program of obsorving ndopted by 
the U. S. Coast and Goo otic Survey in making a crossin over the 

i River at a pointwhero the width was 1,200 m. 0.75 milo) 

the two sides of tho river were made simulttmeously. Tho new rod 
for each instrument was first read and then, on n signal from tlis 
observer in char c, observations wore bcgun across tho rlver and 

tions whon, on signal, observing across tho river censcd. Tho observers 
then changed stations, carrying thoir instrumonts with thorn, using 

consists of throe readings of the micrometer, one w % en the middle 

level, and tho thir $ when the middle wiro bisects the lower tnrgot. 

k % 
was MississiPi as o lows: Two instruments were used and the obsorvations on 

continued until t a e observer in charge had mado 25 sets of obsorva- 
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care not to disturb the focus or line of collimation, nnd the rogram 
was repeated except thatathe near rods wcre read lust. !’ho ob- 
servers then chan ed stations again and a third repetition of tlic 
program was ma if e. ‘This constitutcd a day’s program and was 
re eated on a t  least one other day. 

%he reduction of obscrvations madc by this nicthod do not diflcr 
materially from the computation where the movable-taryet method is 
used. 

TURNING) POINTS. 

The ideal turning oint for tho flnt-footed roc1 is the convex hcatl 
of a bolt or spike. Jo r  levcling along a ridroad truck the rnil spikcs 
are most satisfactory, but along a city strect othcr types of turnin 7 

City and Cincinnati the rods uscd were of the oldcr type, having o, 
cylindricd foot with slight! convex bottom, and the usud turning 
point was a mark mado wit i  kccl on the pavement. Two specially 
constructed ty cs of portable turning oints, formerly used by tho 

on those surveys. One type consisted of a circular disk with rongs 

roceive the foot of tho rod, and the other typc conslsted of a pin 
having a similarly sha cd de ression in its hend. l’heir use is es- 
plained in the report, 8reciseEoveling in Ncw York City,as follows: 

The foot latea were found to make the best turning pDint on dirt or macadam 
roads, or w\en crosain8 long stretches of a n d ,  p:rRvel, or farm lands. ‘J’he method of 
using the foot lato is simply to set i t  down and prws it firmly into the soil; when the 
rod is set on t i e  plate it is kept there until tho rodman leaves his station; that is, lie 
is not allowed to rake h rod and then replace it. 

The foot pin ia made of hard steel, having a broad head with sphcriral cavity for 
receiving the foot of the rod, the m e  88 tho footplate. Tho pins are driven witha 
mallet and aro very useful whon running over grassy soils, through wooded country, 
and on very steep grades. 

If a rod having a flat foot !s used, tho cavity in the footplate or 
in the top of tho pin must hc, rcplaced with a rountlcd knob on which 
tho foot of the rod is to rest. 

BENCH MARKS. 

points must be used. In  the precise level surreys of New Yorr f. 

U. S. Coast an l€ Geodetic Survey when t t e line left thc mil, wcro uscd 

on its lower side and a cup-shaped cavity on its upper su R ace to 

Before spcnding time and money on the establishment of a bcnch 
mark serious consideration should be given to such qucstions as the 
following: How deep must a bench mnrk be set to be safo against 
the action of frost and what is tho bcst-shnped mark to resist this 
action? What has the charactor of tho soil to do with the dcpth for 
setting the mark? What typo of bcnch mark will best resist tho 
ravages of time8 In 
selecting tho typo of bench inark to bo used the question of cost must 
be subordinate to that of pcrmanenc , Thcrc is n standard, depcnd- 

to o in the marking of 5 trian ulation station or bench mark. 
%e different typm of benct marks in prcscnt-day use may be 

classified into four main groups, as follows: 
1. Marks cut into some solid masonry forming part of a largo 

structure, or marks cut in bedrock. 
2. Metal disks, platcs, bolts or pins sct into large masonry 

structures or into bedrock. 

What type will resist the vandalism of man? 

ing somewhat on local conditions, i clow which it is uneconomical 
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3. Metal p i p s  or rods cnrrying mctnl caps, sot into thc ground 

4. Stone or concreto posts wvit'h designating mnrks such ns n cut, 

The lust two grou s are sometimcs sct with their t,ops bclow the 

Of tho ty e classified under 1, Frederick W. Koop in his report, 
Precise LeveTing in New York City, has this to say: 

* * * Tho mark waa usunlly made in tho forin of a T or + of uniform width 
with V-ahnped indcntntionti at least om-fourth inch dcop. 

An ndvantago of this typo of mnrk is tho cnBg nnd rapidity with whit-h i t  can I)o 
prcpared and tho absence of any probability thnt i t  1\41 be defnccd or tuiiipcrcd uith. 
In general, this typo niore nearly ineets all requirements of an i d a l  I)ciivli mark thnu 
does any othor typo. 

In solccting the types of bench marks and planning their distribu- 
tion tho on inoer should consider the following points: 

The num i er and distribution of bench marks should bo such as to 
meet the prosont and future noeds of tho city in the most oconomicd 
manner. Prcciso bench marks should be available within reasonable 
distance of any important engineering construction which may bo 
undertaken. 

Thoy aro more or less inac- 
cessible if placod high up on a building or in an angle or recess where 
observations on them are difficult to obtain; or if thoy aro at the 
bottom of a liolo which will not receive the ond-f an ordinary level 
rod- or if tho are in a well with a locked cover with the key not 
easiiy obtainatle. 

This means that thoy must 
resist destruction by disintegration, and that thoy must bo us socuro 
as possible from any disturbance of position, howovor slight. Largo, 
oxponsive, monumental marks are useloss unlcss thoy iiro sot so thoy 
can not settle or lean. 

Uonch marks must bo of such a character that thcy will bo rec- 
ognized easily and identified with certainty. A cross cut in masonry 
may bo difficult to idontify unless tho dcscription is very cnrcfully 
w0rdo.d. Tho best assurance that tho bonch mark on which new 
work is basod has been corroctly identifiod, and that it is in its oxact 
original position, is to connect i t  with another old bonch mark ncnr- 
by and mako sure tho differonco in clovation.is tho samo us givon by 
tho old work. It was the considcration of this point which prompted 
the sotting of bcnch marks in The 

and when possib P o they wcro placed whore they would not bo subject 
to the samo destroying agnncies. 

and sometirncs surrounded by concretc. 

bolt, or disk. 

surface of the groun B and protected by a wcll with n covcr. 

Bonch marks should bo accessible. 

Bench marks should be perwnent. 

airs in tho Ciricinniiti survoy. 
two marks of a air wcro usua r ly set within n block of onch othor, 

1)ISTHIBUTION OF BENCH MARKS. 

It is roconpended that poi>manent bench marks be placed in pairs 
as just dcscnbcd and that tho pairs be from ono-half to 1 milo npart. 
If possible, tho two marks of a pair should bo placod where thc 

bo so near together that ono or two sot-ups of tho lovul instrumorit 
will onablo tho ongincor to chock botwoon them. 

not bo sulqcct to tho samo dostroying ngoncies, and yot thoy s 

1 G S 2 l 0 - 2 M  
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CONSTRUCTION OF BENCH MARKS. 

anying illustration (Fig. 23) arc shown scverul bench 
constructed. Therc is apparcntl a widc diversity i of opinion as to what rcally constitutes a pcrmancnt ench mark. Tho 

climate, soil, drainago, and environment dl contribute to render the 
problem a local onc, and thcre is opportunity for pioneer cxperimentn- 
tion along this line. The bench mark must bo sot suficicntly dccp 
and so shaped as to bo frcc from the lifting effects of frost; in most 

arts of tho United Statcs 4 fcet is considered a sufficicnt depth. 
f f  a pipe is used, i t  should be treated with a prescrvntivc and sct in 

ipe sot in carth without any treatment to  protect i t  
from rust wil not prove t o  be a crmanent mark. Whoro concreto concrete* 
or stone posts are uscd thcy shou d havc metal disks cemontcd into 

Bcnch marks in buildings should beplacod whero they aro 
reasona ly certain to last as long as tho huildin itself, and not bo 

to drive piles and construct tho bench marks on their tops. It is 
doubtful, however, if such marks should be considered as permanent 
orcr an considcrablo period of time. In  such a locality it is probably 

money in making them as pcrmanent as possib o. In  the built-up 
ortion of a city it may sometimes be wcll to set tho mark in a manhole 

Lving  a cover in ordor that it miLy not bo in the way of triiflic and 
yet be easily accessible. 

The wisdom of setting many scmipermnnent bencli marks ut the 
time of tho survey is doubtful. I t  will bo possible to observo on tt 
number of such points while leveling between the permanent marks, 
and several accurate elevations may be thus secured with littlo 
additional cost but there is no assurance that tho marks will remuin 
in position, anA it will ordinarily be found most economical to bond 
all offorts toward establishing the best clnss of bench marks, distri- 
butcd mindicatcd above, and t o  lace intermediate marks on1 on 
those structures which happen t o  \e close to thc linca run a n l a r e  
likely to be permanent. 

The folloulng s ecifications for a standard concreto bench mark, 

found a satisfactory guide in setting bench marks of this typo in 
a city sumey. tho concreto part of 
the mark, and it is understood that a nietal d i d i s  to be set in the top 
of each post. 

P 
destroyed by ordinary remodeling. In some loca F. itics it is necessary 

advisab i e t o  place tho marks farther apart and s end more time and P 

recently adopted g y the U. S. Coast and Geodctic Survcy, will be 

These specificntions cover on1 

STANDARD COSCRETE B E N C H  MARKS. 

S/mpe.-The bench mark shall be larger at the base than a t  the surface of the ground. 
It may take the form of tho frrlstum of a pyramid or cone or be a post with an enlarged 
h e .  If i t is built i n  the form of a frustum, them should be a batter of not less than 1 
inch to 1 foot. It is believed that apost with an enlarged baae will offcr just a8 great 
reaistanco to the lifting effect of freezing and thawing as a conical post and will be more 
economical of concrete. The base ehould be not lese than 4 inches larger in horizontal 
c r w  eection than the post itself, and the enlarged portion should bo R t  le& 6 inches 
thick vertically. Care should be taken that the outaide edges of the base are not 
rounded, so as to prevent any change i n  elevation due to a sifting i n  of sand articlw 
or dirt around the edgce dunng a thawing period. Tho mark should be mofded for 
the up er foot of ita length to lessen the liftin6 effect of thesurfacelayera of the 
whm &wing. The molds may bo of sheet iron or wood and should have a E~P: 
a t  least 1 inch to 1 foot. The sheet iron may be cut to proper sizo and shape, bent for 
a lock seam, and cnrried flat until needed. 
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FIG. 22.-CONCRETE POST W I T I i  DISK I N  TOP, A S T A N D A R D  TYPE OF BENCI-1 
M A R K  USED B Y  THE U. S. C O A S T  A N D  GEODETIC SURVEY. 
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L 

FIG. 24.-DISK BENCH MARK OF THE U. S. COAST AND GEODETIC SURVEY. (A MORE 
RECENT TYPE HAS A DIFFERENT LEGEND.) 



GEODETIC CORTROL FOR CITY SURVISYS. 61 

I- 3'. 0' -i 



62 U. S. COAST A X D  GEODETlC SURVEY. 

Extreme care should he taken that the moldotl portion of the concrete mark hns no 
The concreto 

Eeneatli tho mold should have a sulricicntly largo area that no portiuii of tho mold 
extends outside tho concrete on which it rata. 

Nah-ial.-'l'he niain considcrutions i n  making concrete src to have clean rnatcrinls, 
mix them wc:ll before adding water, have the mixture not tno wet, and t a r n  well 
into the form. Each streak of dirt i n  concrete mean8 a line of c1cavug.e. {'hero 
rough aggregatc is available, tho rqortious msy vc well vary from 1-2-4 to 1-3-5, 
but  the top 12 inches of tho m a r t  should bo of cona~ersb ly  richer mixtuio. Whcro 
ouly ccrncut and sand arc available, the lower part of tlic mark slioiild bo proportioned 
1 part of ccmcnt to 3 parts of sand and the upper part Phould be 1 part of ccincut to 
2 arts of sand. 

b i th  a msrk of the propcr size it  will not be nccessnry to reinforco tho concrete 
with metal rods or wire. '1'0 nvoitl cracking of the concrete, due to n p i d  drying, 
it should be covered with paper or cloth and then with carth or othcr material for a 
period of at least 4 X  houra. 

Whore lack of trans rtation d o a  not make tho cost prohibitive, 
the post shoi$d &not le% than 14 in,& in k m t  crom-Hertion dimension, except at 
the top, where it is shaped by tho mold, arid that should not be than 12 inchw. 
The top should extend from 2 t o  4 inches ahove tho surface, eTcept whero thero is 
tralfic, under which conditions tho mark should bo placed level \nth theeurface of the 
ground. 

The marke should extend I)elow frost dopth, escept wherodhe frost penotrates to a 
greator depth than 4 feet. 'l'ho minimum depth of any bench mark should be 30 
inches 1)elow the surface and the maximum depth should he 4 8  inches. It is believed 
thatwith a mushroom base a mark extending 48 inchoa below the  surface ivill not be 
elevated by the action of frost, even though frost should extend below that  depth. 
The instnirtions to  tho chief of the leveling party will, i n  all cneca, specify the  dopth 
to which bench marks should be set. 

rojccting corners, which would incrrase tlic liftiug effect of frecxing. 

Size a7uI de fh 

COMPUTATION OF PRECISE LEVELS. 

In  U. S. Coast and Geodetic Survey S ecial Publication No. 18, 

Unitcd States and Xesulting Standard Elcvations," will be found n 
complete stutcment of instruments and mothods used for observing 
and com uting the prcciso lcvcl work of the Survey. 

modiiicittion or condensation. The engineer contompliiting u precise 
level survc of his city should havo n copy of thnt ublicntion €or 
the srtkc o 9 tho grcater detail given therein. 1-10 wi8 nlso find thc 
report, Preciso Leveling in Ncw York City, of vuluc. 

Below is a sample determinution OI thc vnluc of C, tlic cwllirniition 
error of tho instrument, in iiccordanco with section 15 of tlic instruc- 
tions. (See p. 54.) 

Sample dckrrriinatwn oJC, 8.20 a. m., August 28, 1957. 

entitled '' Fourth General Adjustment of t P 10 Prociso Level Net of tho 

T text an B tables aro taken from that publiculion, with occnsionn 
The followin 

lllghthand pago. 

I 

I - .  - - -  - 

1515 
1528 
1512 

A 

Cor. for curv. uiid ret. 

I I I 

Tlltll.  
13 
14 
17 

105 

419 
tl 

in5 

210 

55 

I--- 
i \" 
I 

Tlircnd 
rcndiiig, 
foroslght. 

mm. 
03.57 
OIIJ2 
OYW 
1276 
1288 
I : ~ I  
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-- 
mm. 
1274 
1148 
1021 

1412 
1253 
1003 

In makin@ the computations jnvolvcd in the procoding determinn- 
tion of C &e distant rod readings aro corrected for curvature and 
refraction (so0 taplo on p. (37) niid tho comoctioris for the disttint rods 
w e  combined as indicated. The distance mgumunt for entering t,ho 
table is obtained from the stadia constant for this particular instru- 
ment, for wliich 287 mm. subtended on bho rod corresponds to n lcngtli 
of sight of 100 ni. Note that if tho trnnsfers of iigwcs across from 
pagc to prigc nro iniide tis indicatcd all subtractions are mnde right 
side up. Csliould not be carried to more than three decimal laces. 

tir. 15,, p. 54), i t  should bo done by raising or lowering one end 
of the eve1 vial and not by moving tlio reticlc. Tho ad’ustment is 
mado as follows: Point to t h o  distant rod with the bu blo in tho 
middlo of its tube arid rend. Mo\7o tliu tclcscopo so ns to raiso tlio 
midd c line (projcctcd on the rod) b nn ainount equal to C times tho 

bubble to tliu middle of its tubo by rciising or lowering one end of 
tho level vial. If C is negative, the middle lino must b~ lowered on 
the rod. 

Tho followin samplc record shows tlio rcsults of lcvcling bctwccn 

to Onturio, Orcg. 

When tho instrument must be adjusted, duo to too largo 21 va T ue for 

(sco P 
rod i I- itcrvnl. Wliilc liolding tlio tc T cscop~ in this position bring the 

two temporary 5 wncli mnrks on the line of levels from IClamnth FtLlls 

Ill 

Isft-hunt1 pago. ltiglit-limd pago. 

T i i i i i .  

1147.7 

1252. 7 

Sample record o j  precise lmets. 
Dotc: July 30,1020. l~or\vard-rlackwnr4, From B. hi.: 178. 
Tlnic: 2.20 p. 111. (Striku out on0 word.) Wind: 2. 

1 59 
100 
Y1U 

144 
143 

287 167 

. . .  .__. 

K O .  of 
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.. - -. ........ 

45 

443 

47 

48 

49 

..... 

II 

572 ‘ 1  
K‘,o i 1040 

1 4 s  
1327 

22x0 
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200s 
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120 214 1743 
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2.53 1 253 1 I 

1 4 ‘ 4 . 3  

21.13.7 

_. I I- 

1 1470 

1 I00 
1249 
10R7 

1570 
1132 

1573 
1423 
1274 

1211 
1073 
u35 

3)20760 

17in 

GQ29. i 

-. - 

Xlcull. 

-~ 
711111. 

lWU.7 

124H. 3 

1575.3 

1423.3 

1 0 7 ~ .  a 

ovzu. (i 

- 

To 13. M.: 170 
sun: 0. 
- __ 

Tlircwl 
ntorvnl. 
- 

111711. 
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134 
2(i7 

l(i2 
321 

1.12 
1.44 
2s0 

1%-10 
I 4 9  
299 

13s 
I :IN 
2 i0  

icin 

. . .  

_- 
:urn 01 
itorvnls. 

711711. 

207 

5x9 

876 

1174 

1Wl 

. -  

Tho timo of starting work on the section is shown at the -011 of 
the pngc. Tho cxylariution of tlio numbcrs uscd after tho words 
“Sun” and (‘ Wind ’ is given a t  tho bottom of tho form “Computn- 
tion of prcciso levols” (p. 64). As u chock on tho t u l h  out u i i d  

addition of tho mcanu tlio s u m  of the tliread redings fvided by 
t h o o  is used, as shown abovo. Tho difforcnco in elovation obtuiuod 
€rom tho moaiis is used in tliu following computation: 



! Designa. 
Date. h0n of I section. 

--I- 

6 1 
1 1 

6 1 
1 1 
6 1 
3 ,  I 

I 

-- 

42 
41 

42 
3 i  
37 
Rs 

Sample computation of precise leaela. 

[Line: I;lamath F& to Ontario, Oreg. Rods: 214,215. Level So.: 7. Obserrer: F. W. Hough. IF ~ * - *  
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each 

SeCtlon. 

m. 

-0.m 

t 1 . m  
-1.G410 
tl.@30 
-1.Gu7 

-0.4G7 
tO.46li 

t O.B.iS1 
-0. l X 3  

m mo 

I 

mm. 
+1.3 

Rej 

-0.2 

+:. 0 

-1.s 

-I-- 
mm. I m. 

-34.1 ; +a4636 
I 

tni. I +l.M29 

-%a3 -30.3 i - 0 . m i  

! 
-32.1 I +O.(iG72 

rear: IV-V.J 

I 1 Corrections. 
Ddg- 

bench IUS&. Index 

Lation Eleration 
of ofbench 

mark. omr. 

I 
1 2 9 9 . m  ~ ....... : -0.1 la( I L O .  1 

mm. 
+O. 2 
-0.2 

+o. R 
-0.7 +o. 7 
-0.7 

-0.2 
+o. 2 

+O. 3 
-0.3 

* hbbreviauons for sun: O=cloudy. With sunshine, s h o ~  direction of progress in relatlon to sun bj' numbers: 1 is northeast, 2 is east, 3 is southeast, 4 is south, 5 is south- 
west, G is west, 7 is northwest, and Fis north. 

t Abbreriations strength of !rind: 0 -calm; 1 =moderate: ?=strong. : strike out 3 when mean rod readings FCC used. 
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The above computation, except for the three columns of correc- 
tions is called the Jield computation and gives only approximate 
results which determine tho acceptability of the observations. I t  
should be k e ~ t  up vcry closely behind tho observing. In making 

a plied to the field computation and the resultin differences of 

In the foregoing exam le tho corrections for curvature and ro- 
fraction were consideref nogligiblo. They are practically zero 
when thc instructions (sccs. 13 and 14, p. 54) are complied with, 
which requiro thnt the lengths of backsights and foresights be lropt 
as nearly equal as possible, nnd that the difference of the sums of 
the rod intervals be kept within rescribed limits. An examinntion 
of the recent levalin of the U. ZCoas t  and Geodetic Survey shows 
that in no line woul CF this correction have accumulated to moro than 
a smdl frnction of u millimeter. Where i t  is found that a Correction 
for curvature r~nd refraction is required, the correction mny bo 
applied very quickly by tho use of tho tables on page 70 and by 
making a rapid inspection of the record book. I t  is important to 
note that this is, in tho main, n Correction for curvature, tho unccr- 
tain refraction being upon nn nvernge about one-eighth its great as 
the curvature. No space is provided in tho computation form for 
tho level correction, sincc its effect is always kept practically zero 
through tho e urdizin o€ tho lengths of tho sights. It is oqual to 
the constant c!? (ns deEned in section 15 of tho instructions) times 
the difference between the sum oI the rod intervals for the back- 
si hts and tho sum for tho foresights. 

‘Tho index crror takos account of tho fact that tho zero of tho rad- 
untion and tho foot of tho rod may not !)e exactly coincident. +hen 
tho index CTI’OIS of tho two rods of a pair aro tho wmo, tho need not 

not nccessiblo with n rod. When thcro is an ap reciablo difference 

diffurcnce is to 110 applied to tho resulting diffcrcnco in olevation of 
tho two ends of a sochion only when tho row rod of tho first station 
nnd tho front rod of tho last station aro Werent. When tho same 
rod huppcns to b o  used on the two bonch marlcr forming tho termi- 
nuIs of IL section, tho offcct of tho indcx errors is zcro. 

‘J‘hc correction for longth of rod is to tako nccount of tho error of 
graduation of thc rod u t  tho standard tempcraturo which for the 
rods oI thc U. S. Coast arid Geodetic Survey is zero degrees conti- 
gmdo. Tlio temperuturo corrcction then takes account of tho 
expansion of tho rod for a chsngo of tcmpernture from zcro dogreas 
centigrtido (or tho strindurcl tcmporaturc) to the tcmpcrntiiro of 
observtit ion tilid is cornpu ted from the linown cocficicnt of ex~mi-  
aion of t h o  rods. 

the office or i’ inn1 computation the various necessary corrections are 

7 e P evation nssemblad on the “Abstract of precise levo s” (p. G6). 

be considered cxccyt w h n  IL tnpo is used on 1~ bench mar z which is 

in tho valum of tho  indox errors of tho two rods Y orming II pair, this 

(So0 tablo on p. 71.) 



Date. 

1920. 
July 30-30 

30-30 
3040 
3&30 
30-30 

)bsemed ele- 
ation above 
mean sea 

level, 

I- 

Obmrved or- 
Orthometric thometrice’e- corrwtion. ’-ation above 

mean sea 
level. 

1i.5-176 

Sample abstract of precise levels. 

[State: Omgon. Instrument: 7. Rods: 214,215. Obserrer: F. W. Hough. Computer: H.  G .  Avers.] 

Difference of eleration. I Discrepancy. 

176 
177 

.~......... I...._...__.( 
177-liS I 1.1 
likI7Y ! 1.0 

* Ikjected. 

Distanco 
from B. 11. 

T4. 

-- 

km. 
2.17.4 
24s 4 

248.5 
WI. 5 

,........... 

n. 

,............ .........__._. ....._._...... 1m. 1912 . __________ .__  ___.______.... 
lrn.s.516 ._............ .............. l l  
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It will be noted that in the preceding table thoro is a column for 
orthometric correction. This is a correction to t d t e  account of tlio 
nonparallelism of level surftices n t  different elevations due to tho 
fact that  the earth is a rovolving spheroid and tliut the intensity of 
gravity increases from the Equator toward either pole. This cor- 
rection is most im ortant on a north-and-south line of high avernge 
elevation. It ncc t; not be considered for city work except in ram 
cnscs. It is fully explained on pa es 49 to 56 of U. S. Coast and Geo- 
detic Survey Special Publication 50. 18. 

111. TR 

P u t 0  47 
48 to 00 
01 to 72 
73 to Hl 

o t o  27 

CORRIPCTIOK TABLES. 

The following tables uro for use in making the computations of 
precise levcls : 

The first tablo gives tho total correction for curvaturo and refrac- 
tion and is used in computing the value of C (see p. 62) in making 
river crossings, und, in enernl, wherever tho total correction is rc- 

equal to one-eighth the curvature. 
quircd. I n  computing B t is tablo ths  refraction was assumed to be 

Totolnl correclion Jor o t r ~ ~ a t i i r c  nnd rcjracticm. 

mm. 

-0.1 
-0.2 
-0.3 
-0.4 

n. o 

IXstni IC(' 

m.  m. 
is1 to itin 

171tolPh 
1x1 LO lo(, 
191 t o m  

101 t tJ  170 

I m t o  00 I -0.5 I1 mi to 210 
01 to OR 211 t o  220 
ou to ins 221 to230 1w to  112 2?l to240 

113 to 118 241 to 250 

119 to 124 251 t o  21ill 
125 to 130 201 to2il l  
131 to 136 271 to 2x0 
137 to I41 -1 .3 281 to2!Ml 
142 to 1411 - 1 . 1  XI1 t o  300 
147 to 1GO - 1 . 5  

Correctlon 
lo rtd rentl- 

h g .  

mm. 
-1. R 
-2.1 
-2.3 
-2.0 -2.8 
-3.0 
-3.3 
-3.7 
-4.0 
-4.3 

-4.7 
-5.0 
-5 .4  
-5.8 
-G. 2 

The next table givos the differential corroction for curvnturo and 
refraction. It is computod on tlie assumption that the rofriiction 
is one-ciglitli the CurvttturC, and thnt a sttidin iiitcrvd of 300 mm. 
subtsnded on tlic rod corrosponds to n length of si4it of 100 in. Tho 
sign of this correction is positive whon thodorosigLt is tlio longer. 



Mean rod 
internal 
(in milli- 
meters). 
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The differential correction for curvature and refraction may also 
be obtained from the followin ttbble, which may sometimes bo 

each difference of rod intervals the lower limiting values of tho 
mean rod interval €or which tho correction is 0.1, 0.2, 0.3, or 0.4 mm. 
to the nearest tenth of a millimeter. This table is computed on tho 
same assumptions as the preceding tnble, and the rub for tho sign 
of the correction is the same, iuimcly, positive when the foresight is 
the longer. 

found more convenient to use t % an tho table above. It gives for 

Diferentiul correction f o r  citrvuttm u d  refraction-Limiting valuca of l ? ~  mean  TO^ 
i n tmu l .  

j mm. mm. I mm. 1 vim. 
8 ............... 400.7 ........................ 
I) ............... 304.2 ......................... 

10 ............... 327.8 ........................ 
11 ............... I 298.0 ................ 
13 ............... ................ 
14 
15 

10 ............... 
17.. ............. 
1 R  ............... 
19 ............... 
20 ............... 103.9 ........ ............ 
21 ............... 
‘2.3 
24 
25 ............... ........ 

12 ................ ................ I:::::::: 
............... ................ 

22 ............... ................ ............... ................ 
............... ................ 

28 ............... 120.1 
27 ............... 121.4 
23 ............... 117.1 
29 ............... 113.0 
30 ............... 1w.3 I 
31 ............... 1115.7 
32.. ............. 102.4 
33 ............... I 08.3 
34 ............... 1 uo.4 
35 ............... i 03.7 

378.2 I.. .  
364.2 
351.2 
3 3 U . l  
327.8 

317.2 1 .  
307. S 
YJ8. 0 
wu. 2 
281.0 

I ) I f T m ~ i c e  of rod 
Iritrrvuls in  --- 
miilinicdrs. 

O.lmm 

I- 
__ 

30 ................ 
37 ................ 
3s ................ w.3 
3u ............... 1 %.(I 
40 ................ s1.u 
41 ................ 79.0 
42 ............... 78.0 
4 3  ............... i 70.2 
44 ................ 74. t  
45 ............... 1 72.X 

I 

46.. ............. 71.3 
47 ............... ti9.7 
4n ............... w.3 
40 ............... 

61 . . . . . . . . . . . . . . . I  04.3 
GZ ............... 03.0 
v3 ................ -01.8 
84 ............... ’ W.7 
G5 ............... C0.0 

50 ............... 58.5 

68 ................ 66.5 
5u ............... 

............... 

57 ............... 1 57.5 

00 ...............I 2:: 

CorrccLioii. 

I 2mm. 

mm. 
273.2 
205. x 
w 2 . 1  
245.8 

230. 8 
2%. 1 
228.7 
2L3.5 
218.5 

213.8 
200.2 
m4.0 
200.7 
190.7 

182. H 
18% 1 
1%. 5 

17s. X 

175.0 
172.5 
109. G 
1w. 7 
163. 0 

m. n 

ixz.1 

- 

.3mm 

mm. 
455.2 
442.0 
431.3 
420.2 
408.7 

3w. 7 
3~W. 2 
381.1 
372.6 
364.2 

350.3 
348.7 
341.4 
334.5 
327.8 

321.4 
315.2 m. 2 
303.6 
YJX. 0 

YJ2.7 
m.5 

273.2 

?82. 0 
277. n 

- 

.4mm. 

mm. 
-- 

....... 

....... ....... 

....... ....... 

....... ....... 

....... 

....... ....... 

....... ....... ....... ....... 
458.9 

440.9 
441.2 
432.0 
424.9 
417.2 

400.7 
4w2.5 
305.0 
3M. 9 
382.4 

- 

Tho table of temperature corrections below is com uted on tho 
assumption that the coefficient of expansion of tho r d i s  4 parts in 
1,000,000 per degreo ccntigradc, which is the coeacient of tho old 
wooden rods formerly used by this bureau. If a rod with a different 
coefficient of expansion is used i t  will bo found to expedite tho com- 
putations to prepare a similar table for the actual temporature coeffi- 
cient of tho rod uscd.’O The sign of this correction is tho same u9 
the measured difference of olevation when the rod temperature is 
above centigrade zero and of the opposite sign when bolow zero. 

Tho roemclont of expuiision of 1110 iiivnr-laced rods iiow 111 u s  by this bureau vurles from 0.0000010 
to 0.0000001. 
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1 ..........._. 
2............. 
3............. 
4 .......___._. 

Correction for  tempernt1rre. 
~ .- _-_ .. ... . . . . . - .. . __._ . . . - - .- 

! 

mm 
,( 
.( 
.( 
,( 

0 .............~ 
7 ............. 
R _.._._.__.... 
v ............. 

11 ... . . . . .. . . . . 
12.: ........... 
13.. . . . . . . . . . . . 
14 ............. 
15 ... . . . . . . . . .. 
10 .... . .. ... ... 
17 ... . . . . . . .. . . 
1s ............. 
19. .. . . . . .. . . . . 
20.. . . . ._. . . . .. 
21.. . . . . . . . . . . . 
rz............. 
23 ............. 
21 ............. 
2.5 .....___..... 
26 ............. 

I O . .  . . . . . . . . . . . 

- 
2 
- 
nm. 

.o 

.0 

.o 

.o 

.o 

.o 

.1  

.1  

.1 

. I  

. I  

.1 

.1 

.1  

.1 

.1 

.1  

.1 

. 2  

.2  

. 2  

. 2  

.2 

.2 

. 2  

.2 

.2 

. 2  

. 2  

.2 

. 2  . 3 . 3 
1 . :I 

.[ 

.[ 

. f  

. I  

,( 
.( 
. c  
. I  
. I  

. I  

. I  

. I  

. I  

. I  

. I  

. I  

. I  

. I  

. I  

. I  

. r 

3 

mm. 
.a 
.a 
.o 
.o 
.1 

. I  

. I  

.1  

.1 

.1 

.1 

.1 

.2 

.2  

.2  

.2 

.2 

.2 

.2 

.2 

.2 

.3 

. 3  

.3 

. 3  

.3 

.3 . a  

. 4  . 4 

. 4  

. 4  

. 4  . .I . .I 

- 

- .. -. _ _  

4 
- 
mm. 

.o 

.o 

.o 

.1  

.1 
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,\lI)JUBThfENT OF 'MIE LEVEL XET. 

Because of the limited lengths of the loops of u city recise lovol 
survey tho corrections known tu tho orthometric nnd t P io d.yllumic 
corrections, which must be ap lied to tho large loops of a national 
survey in order to obtain fair c f OSUI'CS, mu 9 bo ignored. (See p. 67.) 
Howover, when tho precise level survey o a city consists of a net of 
interrolated closed circuits, something moro than an arbitrary dis- 
tribution of tho closing error around each loop will be re uired, since 
sections of each loop will enter into other loops whoro t x o errors of 
ciosuro may be different not only in size but sometimes also in sign. 
As in triangulation, and in fact in the reduction of most quantitatlve 
observations, tho most probable values for tho quantities sought will 
be obtained ffom a loast-squaros reduction of tho obsorvatioiis. The 
various circuit closures wll thereby bo eliminated and d l  results 
harmonized. The method of adjustment for trigonometrical leveling 
doveloped in Specid Publication No. 28 of this bureau may readily 
bo adapted for making this computation. 
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Publication of resdts.-It is very desirable to make the final eleva- 
tions available to the engineers who nre to use them in the form of 
a printed book of pocket size. The descriptions of the bench marks 
with elevations appended can be so arranged therein, according to 
names or numbers, as to be self-indexing, wlde their general distribu- 
tion can be shown on nn attached skeleton map of the city. To fully 
realize the benefit of the level survey the uso of its results should bo 
required in the planning and construction of all ublic works within 

the legal datum o t e city thnt defined by tho elovations of the 
various bench marks determined by the survey. 

the city. This mnq y s i b l y  be done by nn or b! inanco ndopting as 



APPENDIXES. 
Appendix I.-TOPOGIRAPHIU S U R V E Y .  

While somewhat beyond the  contqnplated sco e of this publi+ti?n,it seems yell 

portant debi l  surveys moat benefited b y  geodetic control. That an accurate map L 
osaential for sat@actory city.planning is evidenced by t h e  continual insistence of 
those intereqted i n  city lnnnlng problems. I n  a report on a park aud street plan for 
the city of Pitteburgh, 8 L. Olmted  2o says: 

to inclutle a few paragraphs on the  city topogap K ic survey, since it is one of the im- 

But a thing of prcntcf cons iicnco than an ono of thme spoclflc Inlprovornents, n thlo d vltnl Import 
to every tax nylng citi7.cn o%o prwmt d f i i t u r o  city Is the l n w g  d couqmhensfbemdDccumto 
toppphlcal)ina s. It Is oul on tho bash of such maps thnt all midclpdon neering andlndocd much 
ot er work dira.$v monocod i;v tho citv. cnn he plnnned nnd cnrricd out wltf proporkonollly and em- 
clency. It is only-on thoh l s ‘o f  sirch ;naps thntknprovaments In tho clty-detalls of city replanoin 
rnn bo mnut.wnnnmirnllv dntntnilned. Andln the outlvlm dlstrlcts. whom thefuturocltvls bolnn buf; __ - ~~ .. .___. 
such innpYnroabuo~ui~- ’~~~nl la l~to  anir~tclllpent ilandndor controlwhlch WU avoid thohenvy p&altl& 
that follow hnphaurrdcgy growth, cspeclally In % I C ~  a hlllyredon. * * *. Asamonns of wconiplluhing 
thcso on& an occuratogeodotlc trlnnplntion of the district, nupplementod by tho newsary  proelso tmv- 
orso work tbd prwlsolevollng, all fully chockod lrnd cornpeDsatod for ormm (Ls nocarsary). 

Where a city is covered by  a net of triangulation having an accuracy of 1 part i n  
25,000, a n  accuracy easily attained by eodetic methods, there will be no appreciable 
accumulation of error i n  t h e  resulta. !It may wcin powible t o  secure this accuracy 
by using ordinary tape and transit methods, and indeed the accidental errore may be 
kept dowu to something of this order of accurac and yet  there may be undiscovered 
systematic errors far i n  e x c w  of the  allo~vableknit. 

Whom the scale of the  t o p o p  hic map is 200 foot on thegPund equale 1 inch on 
the  map, a scale which inqm Raa dovelo ed to  be moat esimble i n  oneral city 
plauning work, the  smallest scxe  divisiou wgich the topographer can w i f y  handle u1 
on~oight ioth inch, equivalent to 24 feet on the  ground. On a :{-milo line this repre  
serita upproximately 1 part in  6,000. The re uired accuracy for the  control will 
therefore, iruure that  on rnctically any long611 of lino of the city goodotic controi 
the error will be smaller tgan can be plotted on this scale. 

INSTRUnlENTS AND METIIODS. 

There are two general mothods followed i n  topogra hic mapping: One where the  
map is practically made i n  i ts  entirety i n  the  field; t l e  othor where the actual con- 
struction of the  map takoe place i n  t h e  oflice from notoe and data gathered i n  note- 
book form i n  the field. The first ma be called the  lane-table method, while the  
second is the ordina tran+t.and s d t x  (or tape) mett?o+ 

Pkzne-tahZe metlmd?--ThLs is the method in general usein the  big mappin promma 
of the Federal EuNe bureaus and wna the method used i n  the  survey of 8incinnnti. 
f e e  p. 74.) The &ne-table method of mappin6 haa two distinct advantages: The 

rat ia that  the topographer maps each feature with i t i n  lain viow and thereby reduces 
tho chancea of error; arld the second is the economicarroduction resulting throu h 
the ever-increasing skill of tho topographer, which ma ea it possible to reduce tke 
frequency of rod stations to a certain extent without any corresponding decrenee i n  
w2curacy. 

Another advantage of the  plane-table method ie  that there will be no unexpected 
gape i n  a map made bythirc method. The topographer has alwaye i n  front of him the 
area alread mapped and the area yet  to be eurveyed. He may traverse around a 
thicket a n z e o  into it from each side i n  turn and almoet automahcally aecure a com- 
pleto map with no overlaps or gape. 

!lYansii and stadia metiwd.-Thirc method ia used to advantage where a field seaeon 
is short or the  weather unfavorablo for draftin i n  the  field, aa a m a  of notes may be 
taken and later reduced and plotted in t h e  steltez of the  office. The objection to 
this method iS that an error i n  readin the rod or circle i n  the  field may not be dis- 
covered until the map haa been cornpfootcd and actually used in  the field, and eome- 

Plttsburgh--Maln T h O ~ u g ~ ~ ~  and thoDown-Town Dlstrlct. A report by Frederick Law Olmatd, 
1010. 

$1 l‘hls mothod Is fully dascrlhod In Specld Publlc8tlo~ No. 85, U. 9. Coast and Ooodotlc Survay, 
entlllud “A Plruio Tnble Manual.” 
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times not even then. This is a moat important consideration where accuracy is a 
prime requisite, aa in  city mapping. As the map ia drawn by one who erhaps nover 
even saw the terrain being mapped a much larger number of oints wiyl be required 
to secure the pro cr delineation of the  surface of tho ground) with the transit and 
stadia than with trie planetable method. Even with the latter method one olmrver 
ma use only half aa many rod points asanother and secure the  same accuracy because 
of keeuer perception or greater capacity for visualization, combined perhaps with 
greater experience. There can be no cutting down i n  tho number of rod points if  

With either tho plane-table or tranait and stadia method the  contours may be located 
b actually running them out on tho ground, using some form of level matrument. 
Tie level rod is laced in successive sitions on a contour by having tho target 
eet a t  proper hei Et and moving the  r x o v e r  tho groiind until tho targel is bisectad 
by t h e  thread o f t h o  diaphragm i n  the level. The topographer then sights the rod 
and locates ita position. This ie an unnecemarily laborious and costly method of 
contouring. A better and more generally accepted practice is to take rod reading 
at each break in grade of the ground, plot the elevations of the points thus determined, 
and interpolate the  contours between them. 

The advnntagea of the two primary methods of topographic mapping are sometimes 
combined by  setting u p  a portable dramin$ table i n  the field bmide the transit. The 
observations are then made with the transit and given directly to  thedrafteman, who 
constructs t h e  map in tho usual office manner. Sometimes a regular plane table 

used in COmbiMtiOn with tho transit. The distances and elovatione are then read 
with the trnnsit and the  directiona are 0btained.wit.h the alidade on the  plane table. 
Both of thew methods eliminate the principal objection to the transit method and both 
have been used with conaidecnble succm. 

A modification of tho t rana t  method which h sometjmofl used may be dcaignated 
aa the  checkerboard method. The area to  be mapped 1s divided into aquarea which 
are staked out on the ground. Levels are run over t h e e  stakca to,determine the 
positions of the contours, and from the stakea aa control points the main cultural fea- 
t u r a a r e  located and plotted. Against this method it, may bo said that topographic 
features are never i n  such r ar arranqement and oints 80 determned will seldom 
be laced to beat advantage%ideveloping tho relierof the terrain 

&)hen a method for t o p  aphic suryeying is used w h x h  i n v q l k  field mapping 
the topographer is given a afeet on which are plotted to  the required scale all controi 
points determined in  the  area covered b y  the sheet. These points are 
coordinatea and checked by  scaled distances between them. I n  order t a t  the re- 
quired scale may be adhered to m closely aa possible, paper distortion is reduced to 
a minimum by wing well-wamned paper of n utrlity that  iR not sensitive to hygro- 
metric changes. Sinre a er will change in difqerent ratios along its two dimensions, 
a plane-table sheet whi% &E been found very satisfactory hemade b mounting two 
piecos of drawing paper with the  p n  at right 8ngkI and wth mu& between the 
sheets. This g i v a  a reduced retio of ahrinkago with the  ratio the m e  in }M>oth 
directions and therefore more easily allowed for. 

The topographer is rovided with the ueccuJAary descriptions for the recovery of 
the control points on tge ground and Hilth devationa of a sufficient number of bench 
marktl to enable him to carry hb hei 7ht of instrument without exceeding the  a ecified 
%its of error. A convenient form !or thaw data h a tracing of tho plane-tabre sheet 
with the descri tion and elevation of each control point written on it. Blue printa 
may be d e  ofthis tracing for field we. 

U. S. COAST AXD GEODETIC: SURVEY. 

the  map is  compiled in the  oflice from notes taken i n  the  field. \ 

totted by 

TOPOGRAPHIC SURVEY OF CINCINNATI. 

The topographic aurvey of Cincinnati waa executed under contract a t  so much er 
square mile. The specifications under which that  work waa done are given bogw 
and ma1 intereating and valuable to others contemplating similar work. 
Althoug t e scale of the Cincinnati ma 4 400 feet to 1 inch the conaenaus of opinion 
among a number of engineers i n t e r e s A  in the subject h that 200 feet to 1 inch ia 
a better scale. (See p. 14.) 

Specifiatione /or topographic 8UrVCy of Cincinnati, Ohio. 
1. Burvev to be on d o  of 1 lnch-400feet. The contour Interval to bo na follows: 

2 feet on alopeS of GO or le%. 
dcct on slopes of more than Bo and less than 120 

10 foot on alopeg of more than IT. provlded thnt'change from on0 contour Interval to mothnr Is not 
to be mado In casw where revision would bo made back to flrltt inturvnl aftor going a abort dtstance. 
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2. Thereare to be shown on the map, in addition to  all oontours nil strmtq, rosds, tlhys, rftllrOIuh, stmt 

railways and tractloq lines bench math ood topgrnphlc stntions, public buUdhgs and monuments; 
parks nnd Iirominent bulldlnp. 

a. &Id work t o  be done in endl on slieetJ 24 by 31 Inches, eaoh shMt to , h v o  lnnnped on it an OTOB 
8,000 by 11,000foet (20 by n+%chan), thus lowing n margin of abaut Plnohes. 

4. The crlwrlonsfor acceptable work 8hiLU IN 11s follows: 
n Each contoiir must not bo in  error bv more thnn one-hhnll n rontour intervd. 
b All horlzontnl dlstancus between w r l h n n e d  olnb mwt scAo correct to tlio smallst distunca 

wlllch I t  Is pcwlble to plot on the sheot. 4hIs dlrJahco I s  oneeightieth inch, reprasentlng 
bfwt on tho ground. 

(e) Tho allowable error lu azlmuth in closlng m a ked point shall be the Bsme a9 given above in 
Lbl; thnt Is, oneel htieth Inch or Bfoet. 

(d) Errors boyond the Ifmits nliove prrrlbect wlll be allowed to the number of 10 per cent (1C%) 
of the totalnumber ofpoints tested. In accepted shoots nll mors found beyond thaw p r o  
scribed lMts shallbe corrected. 

6. The accurncy of the work ma be tested at any time by tho chlef engineer of the clty of Clnclnnatl or 
by his dul nuthorlz& agents. Tgechlofen&w or hIs dul nuthorbed agents shall .bo free et any tlme 
to relieve 810 topographer a t  the plane table and personally kt work already dono he mny also mnke the 
observetlons when closin on a Bxed point. Another chock whlch muy be appl lk  is tbe runnlhg 01 B 
random trnrorse and lev3 line ncrass the soctlon coverod by tlio shwt plottln same andcompnrinfi with 
mn The mstchlng of shoots whore they oin Is also an nccoptnble tost. The right Is roswed by the 
par!’ of theflmt pnrt’to apply any and il/tant.q rmbjfut t o  1MLq of muracy herein presented, whether 
monznned or not whenever and wherever desi&. 

a 
7: baiddtyof Cinclnnetlis tosippl said lanetnhlesheetswlthn11 control,l5oth horhontnlandverticd 

plotted thereon. The horizontal conrrol toe0  provlded shnll oonslst of topogrnghlo points about Roo f e d  
apsrt located by dosod travmes. Tho average width of such tnrvWse ahel he o out mile. The Yertlcsl 
control shall conslst of clevntlons on thasc golnts. 

As each sheet waa finished it waa delivered to  the city. A rofile waa then run 
&crm’some aelected portion of it and ita acceptability thus l6tormined. It wna 
believed th t  the inlang in of.contoura and dnunage on oach sheet should be done 
directly under the euperviaion of the topoppher who had’made the sheet, so this 
waaincludod in the contract, but the inkin in of the culture and tho placing of names 
u on the shceta waa done in tho 0ffic0 of t%e principal mistant city engineor havin 
.large of tho survey. While doing this a careful study of each &cot w y  made, a n i  
all doubtful pointa aa to the intorprotatlon of pencil lines and all quasuoned details 
were indicated on a iece of tracin cloth placed over the sheet. The tracing- then, 
carried into the fiopd and these ibubtful ointa were settled on the ground. This 
proof reading of the sheet in the field waa s8endid ~ u r a n c o  of ita accuracy. 

I 1  

Relates to dellvery of shwts ) 

PIIOTOGRAPIlIO YAPPING. 

Becaw of the large amount of intorference on the part of buildinga it ie doubtful 
i f  tho mothods for making maps from photographs at ground stations can ever find a. 
place in city surveying. On tho contrary, tho method of map making from photo- 
gra hs takon from aoroplanea i~ EO promising and is RE yot in EO formahve a state aa 
to worthy of much invosti tion. The poasibilities of making preciee maps of. a. 
city from aeroplane photoFapE are very p a t  and p a t  propea is boing made in 
this line. at the preeont tune. Aeroplano photographs show the locations of t h w  
natural and artificial objecta which ap ar most prominently from the sky and which 
am therefore, vory d ~ ~ i ~ ~ b l o  pinta ok%ntrol. Such .ointa can be moat accuratdy 
and earril dotormined b geodetic mothode. It ie beEeved that many maps of tho 

tographe adjustei to geodekc cont ror  

AppendixII.-COMPLETED GEODETIC OONTROL IN ”E DNITED 
STATE& 

future ofYthe ut aa we1 r y of the o n country, will be made from aeroplane pho- 

The map facing p y  70 shows the location and extent of the completed geodetic 
control in the Unito States. The hachured areaa in black re rasent the ortion of 
the United States that haa been coverod by triangulation anatraveme wfich have 
boon computed rigidly on the North American Datum and h u o d  in publithod form. 
Followirig the numbers bolow, correeponding to the numbers ahown on the map, are 
the titloe of the uhlications that contain the ublished reaulta. For examplo, tho 
r m l b  of the pu%liahed trian lation in the &ate of Oregon are contained in four 
different publications, aa is E%WTI by tho four difforont hacliured arena in black. 
Them area8 are numbered 19, 13, 27, and 10. Reforrin to these numbers blow, it 
will bo seen that the ~ l t a  are contained in Special hblicationa NOE. 31, 13, 74,. 
and 84. 

15521” --23---8 
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3. Appendix 6 Rc- ort for 1801. 
4. Ap ndh 3h.d Annual Roport of the Chief 

o r  Englneors ' 1802 Thls publlmtlon Is 
obtalnnblo onf from t i e  Chiof of Engfnoers, 
U. 8. Arm $ashlngton, D. C.) 

6. Sped81 Publktion No. 88. 

1. Appendk 8 Report for 1888. 
2. Appondlx 8: ReDort for 1883. 

19. S' eclalPubllcatlon No. ai .  
20. I&S o r t  on the Tdangnlatlon of QlBater New 

ork. (This publlhtion Is obtafnable only 

21. Ro rt on IIL of sewerage for tho Zit, of 
&&natl. (Thls nubllcatlon Is ohtatiinble 

.I from the d t  onpincer, New York Clt 

' I 17.' Bpeoial PublIcatlon No. 24. 
18. SDeCiSl Publlcatlon NO. 80. 

0. hppendk 9 Roport for 1W. 
7. Snednl Pubhcntlon No. 86. 
8. 'A'ppendh 5,-Rep&t for 1910. 
9 Appendlx 4 Report for 1811. 
IO: spocla~ Pu&ation NO. M. 
11. Auwndlx 0. Renort for 1911 
12. Sf~&al Publlcatlon No. 11. 
13. , 8 p ~ l a l  Publlcath No. 13. 
14. Special Publlaatlon No. 16. 
15. Special Publlcatlon No. 17. 

I 
22. 

' 23. 
24. 
26. 
28. 
27. 

only from the'ctty en'plneer Clnclnnatl, 
Specla Publlwtlons Nos. 43'and 4G. 
BpociaiPubllcatlonNo. 46 
apwisi Publlcatlon NO. si 
8peClal Publlcatlon No. 02. 
Bpeelnl Publlcation No. 70. 
Rnnrlnl Piihllmtlon No. 74. 

5s. 6iGiiiP~biiGti011 NO. 76. 
29. Speclel Publlcatlon No. 78. I 30. SDeclal Publlcatlon No. 79. 

Ohio.) 

16. 8pwhl Publlcatlon No. 49. 

The hachured areaa in red.on the map re r w n t  the portion of the United States 
that llas beon covered by trunplatio an%trsverse which have been rigidly com- 
puted on tho rJorth American Datum,%ut which have not yet been h e d  in pub- 
idled form. 

The heavy black linea on the map indicate the published preciae level net of the 
Unitod States. The red linea indicate the portion of the precise level net of the 
United States not yet issued in published form. I 1 

It is impracticable to designate on the map the publications containing the reeults 
of precise leveling by this bureau. Itowever, the ma ,does indicate where linea of 
levels have been run, and i f  the published reeults a T e f + x l  for apypnrticubr 1-1- 
ity, and thie bureau is 80 advieed, t,he proper pvblicauons will be selected and supplied. 

Appendix III.-BIBLIOQRAPlXY. 

In the preceding agea a number of special publications of the U. S. Coast and Ch- 
detic Survey have Reen referred to qmte frequently. The engineer about to undep 
take a geodetic survey of a city will do well to obtain these various manuals and books 
of reference. As regards the other books of reference named below, the author haa 
included only those which he has found suited to his needs. Thero are, of course, 
othbr etandard works along the earn-e lines, some of'which may be fully suited t o  his 
needs and more fnmiliar to the engineer than the ongs named. 

In the following list a shofi digest of each book i b  given to e m p h i z e  some 6fIih 
epecinl feature& 

0. 8. Coast and OeodotIo Burvey Spodel Publlcatlon No. 20 ' 8  Qenernl Instructlorn for tho Fleld Work 
of the U. S Coast and oeodetlc B w e  The general instructfom given In that volumo nro for less rwise 
work thanis considered In thepresd&lume. There are given, however, certain tabled which ME be of 
considerable value to theen r and a h  notes on t h e w k i n g  of statloxu whlch he may find suggestive 
ofmar&stos@+vehls artlc f u p  o 

U. 8. Coasthd O d e t i c  g r & % i n l  Publlcatlon Ho. 68, Oenernlhstruciibns br'Prwlsennd i o n &  
arv Traverse. In addltlon to the lnstructlapls the volume contains M n i n  tablas whlch nre nd6! in the 

1 -  

. . --. 
computetion of traverse. 

U. 8. C a t  w d  Geodetlc Survey Spedal Publlcatlon No, 93, Instructlons for Reconnaissance and Blgnal 
Bullding. It contafns the instructlorn for reconnalssanco'for triangulatlon across wlde a r m  and for the 
construction Ofslmals nnd the marklna of stations. The inattuctlws dvtm In the prmtmt voluntd s m ~ l e  - _  
ment those given'in that ublicnllon - 

Lo nrlthms of S i n s  an$ Tan entsior Every Becond by Rohr t  Shortrede F. R. A. S revised dltlon 
publkhed by Chnrlas and E d w k  Layton, London. +his table of l o g a r l t d  to 8evcn pi&, or n simua; 
me, Is esssntlal in wmputing roc& trl 
Lo rlthmlc Tabla  of Numkrs and ~ % % r l c n l  F&lons, by Baron Von Vega pobUsHed by 

Welc$mnnns, Ilerlln. These tables will be found desirable fonobtnlnlng logarithms to s o v d  p BCBS of num- 
bors u to  1 ~ , ~ .  

U. E? Const and Oeodetlc Survey Bpeclal Publlcation No. 8 Formula nnd Tables lor the CornputatIan 
of Gcodctlc Pasltlons. It cbntnins the required tables for co&utlng the spherlml excass of trlanglcs, Bnd 
for the rnmnntatlon of lntltudffl lnneltudav and ezlmutlm. 

- -  gry.hIcpiitlons to plene rectangular conrdlnatcs and vlco versa. 
oast and aoodotlc S w e v  S ~ e c l n l  Publlc&tlon No. 28. Aaollcadon of the Theorv of Lonst Souarm 

to  the Ad uctmont of Trlnngulatlb. I t  Is aworldn plan1181 lor fh'ecom leto adjustmufit of trim 
Evcn wlth tllls manualit is not advlsnlh to nttem % tho corn utatlon o&vui nalmplo trlanylnt!$n with- 
out somosDecinll~structionandsomoformofmac~efor han~gthehearyartl~otimloDoratlanswhlch 
enter Into every adJustment. 

U. 8. C m t  and Geodetic Survey SDeblal Pulillcstion No. 79. Preclso Traverse and Mnnrmlatlon in 
Indlnnn. I t  shows tho high degreeof k u r a c y  nttnlnod In a traverse oxtendln nearly tho l&glh of tho 
State of Indlana, and @vas detalled de8criptIm of the mcthods used in tho f l i d  and an annlysls of the 
computatlon of rmulrs. 

11 Thls, as wdl astho othor publlmtlonsof theU 8. Comt and Oeodetlc Survoy rotoked to In thlsvolume 
may besecured from the Superlnttmdant of Documants, Washington, U. C., upon the payment of anominal 
sum. 



* 
UNITED STATE8 COAST AND GEODETIC SURVEY 

Graphic index riheet &owing: (1) A.rw in the United States covered by publiehed and unpubliehed triangulation and trav&e which have been computes dddly on the W~ American datum. (2) Net of 
published and unpublished preciae leveling in the United Stake, October, 1922. 



GEODETIC CONTROL FOR CITY SURVEYS. 77 
U. S. Coast nnd Qootlotic Burvcy Spwinl Publlcstlon No. 18 Fourth Clonernl Adjustment of the Prwiso 

Level, Not of tho Unitod Stnt?q nnd tho  Resulting Stnndnrd 1Slovations. I t  contninsmoro dotniled d e  
scrlption of methods 01 oliservin nnd computing levels than nro given In tho rcscnt volumr. 

I)r. A .  I,. CrcIlo’s ~a~culii t ir if  &+Ius. 13. westerman ~ o . ,   ow York. lefiivas tho products of wary 
two numbers from on0 to  ono t i o n a d .  

Travcrso Tnblcs, b It. L. (iurden. D.Vm Nostrnnd Co. New York. It coiitnins lntitutlos nnd dcpnr- 
tures to four lnca oYdwimnls for cwry minute of anglo nnd u to  100 units ofaqlonro. 

1Zoport on  IO Trinriyilulion of ( : ra ter  Now York publ ishdby tho Board of Eslimuta nnd Apportion- 
mait Xew York City. I t con ta in~nd~cr lp t ion  of domcthtxls usod and resultsnttnlnetl 111 whnt mny wcll 
be considrrotl tho prc.mier cfiort. in city g ~ o d a t ~ c  survoys in tlds country. 

Report on n I’lan of Sewcrngo for thc City of Cinclnnnti publishcd bv tho  1)epnrtmmit of Public Sorrlco 
Cincinnnl.1, Ohio. It contains n brio1 dmcriptim of m o t l h s  and rmults of n t o p n ~ n ~ ~ h i c  survoy bnsed d 
geodctic control. 

l’rwiso LUvcllnK in  Now York Clt by Froderick W. Koo , published by the Donrd of Estimate nnd 
A orlionmait, New York City. Itfs)acomDletodiscussi~~ ormethodsand results of n prdsolovel survoy 
ofyow York City. 

U. 8. Const and Qoodotic Survey Bpcial Publlcatlon No. 08, Elomonts of Nnp I’roJection, with n p  
pllcntions to ma nnd clinrt construction. 

U. 8. Const nn?Goodetic Burvoy tjpccinl Pu1)llcntlon No. 6 TnlArs for n Polyconic Proltctlm of hfnps. It 
cnntnins tho absoluto vnluos nt vnriolls lntitutlas of lho lengths of unit arcs of tho  meridians nnd nrullels, 
the w r d i n n t a  of curvnturo of those lines, and n dwript ion of how to construct n pol conic pro&lion. 

Text Book on Clrdesy nnd I m s t  Squnrrs, by Chnrlas L. Crnndnll. John Wiloy 2 Sons, Xow York. 
It Is a valunblo rcfcrcmcc work on tho prnctice of goodotic survoying and tho application of loa4 squares to 
thn computntion of Lrinngulntlon. 

Tho Ad llltment of Obscrvntiona by the Method of Last  9 unrcs with A plicntions l o  G d o l i c  Work 
bv T. W. kr ixh t  nnd J. F. Hnyford. D. Van Naqtrnnd Co., Jew York. It& a gaiornl rrferolico work id 
~d i i ch  n number of pnrtlculnr problems nro considered. 

ciootiesy by (imrgo I,. Ilosmrr. John Wiic & Sons, Now York. Ills 8 taxthook on gwday which 
follows retbercloselythemethodsInusebythe~. 8. Coastand QmdoticSurvey. 
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