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DEFINITIONS OF TERMS 
USED IN 

GEODETIC AND OTHER SURVEYS 
INTRODUCTION 

Recognizing the need for authoritative definitions of surveying and mapping 
terms, the Federal Board of Surveys and Maps in 1938 appointed a special commit- 
tee to prepare such definitions. Confronted with an apparent choice of making a 
complete examination of the terminology employed in the large and ever-widening 
fields of surveying and mapping or of limiting its attention to terms for which there 
appeared a current need of definition, the committee decided to do both : to gather for 
study and future action material relating to any terms in which the members of the 
Board might have even a slight interest, but to give priority in its discussions and 
determinations to those terms for which there appeared a present need of definition. 
I n  following this program, a number of definitions were completed and reported to 
the Board. A t  the same time there was gathered into the files of the chairman of the 
special committee considerable material, diverse in character and incomplete, relating 
to other terms which it was hoped would eventually come before the committee for 
study and action. 

The Federal Board of Surveys and Maps was abolished in March 1942 by Execu- 
tive Order (No. 9094), and its Committee on Definitions of Surveying and Mapping 
Terms thereby discharged. At  that time, comparatively few definitions in geodesy 
and geodetic surveying had been completed, and it was to provide such definitions 
that the work which the Committee had previously been performing was continued 
under the direction of Captain H. W. Hemple, Chief of the Division of Geodesy, 
U. S. Coast and Geodetic Survey. This publication was prepared in that Division, 
with the major part of the work being done by Hugh C. Mitchell. After Mr. Mitch- 
ell’s retirement, a few minor changes and additions were made to incorporate sug- 
gestions received after the submission of copies of the manuscript to various authorities 
and interested persons. 

It will be noted that for each term presented there is a basic definition or descrip- 
tion directly following the name of the term. This is intended to contain all the ele- 
ments and only the elements which are essential to a complete and accurate definition 
or description. For many terms there are also supplementary statements (set off in 
separate paragraphs), designed to facilitate the interpretation of the basic definition 
and to call attention to other uses that may have been made of the terms defined. A 
few supplementary statements also contain information of historical character which 
is sometimes desired but not always easy to find. The object of the supplementary 
statements is to  make the report generally more useful. T e r n  defined under another 
heading are italiciwd. 
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Included in the publication are definitions which had been completed by the 
Committee on Definitions of the Federal Board of Surveys and Maps before its dis- 
missal. These are identified by an asterisk (*). They were not acted upon by the 
Board. Included also are terms which might appear to have little relation to geodetic 
surveying, but the great advances of recent years in the use of geodetic data for the 
control of other surveys make it desirable that the geodetic engineer be familiar with 
the language of those who may use the data which he determines. 

A 
aberration: annuallsee under aberration of light 

chromatic.-See under aberration of  light (opt ics) .  
diurnal.-See under aberratfon of  light (as t rommu) .  
spherical.-See under aberratian of light (OptfC8). 

aberration of light (astronomy) .-The apparent displace- 
ment in  position of a heavenly body which is due to 
the  progressive motion (velocity) of light combined 
with t h e  motion of the earth itself. 

Aberration of light due to  the rotation of the 
ear th  on its axis is  termed diurnal aberration; its 
effect is considered in first-order determinations of 
astronomical azimuth and longitude, but not of lati- 
tude. Aberration due to the rcvolutfon of the earth 
about the sun is termed annual aberration. 

aberration of light (optics).-The failure of light from 
a point on a n  object, af ter  passing through a lens, to 
converge to a point on the image. 

In a single lens having spherical surfaces, aber- 
ration may be caused by differences in  the focal 
lengths of the  various par ts  of the lens : rays passing 
through the outer par t  of the lens come to a focus 
nearer the lens than do rays passing through i t s  cen- 
t ra l  part. This is termed spherical aberration and, 
being due to the faulty figure of the lens, is eliminated 
by correcting tha t  figure. A lens so corrected is 
called an aplanatic lens. Aberration may also result 
from differences in the wave lengths of light of dif- 
ferent colors: light of the shorter wave lengths 
(violet end of the spectrum) comes to a focus nearer 
the lens than light of the longer wave lengths (red 
end of the spectrum). This is termed chromatic 
aberration, and is practically eliminated over a mod- 
erate range of wave lengths by using a composite 
lens, called an achromatic lens, composed of parts 
having different dtsperstve powers. See refractfon: 
indes of  refraction. 

(astronomy).  

absolute unit.-See under unit. 
acceleration.-Rate of change of speed. 

I n  the  c. g. 8. system of physical measurements, 
acceleration is expressed in  terms of centimeters per 
second per second. See gal. 

accessories: corner (United States public-land surveys).*- 
Physical objects adjacent to corners, to which such 
corners are  referred for their future identification 
or  restoration. 

Accessories include bearing tWe8, mounds, pits, 
ledges, rocks, and other natural features to which 
distances or directions, or both, from the comer Or 
monument are  known. Strictly sbeaking, such acces- 
sories a re  a par t  of the monument. 

accidental error.-See under error. 
accumulated discrepancy.-See under discrepanw. 

accumulated divergence (leveling) .-See under aver- 

accuracy.*-Degree of conformity with a 8tUndUrd. 
Accuracy relates to the quality of a result, and is 

distinguished from precfsfon which relates to the 
quality of the operation by which the result is ob- 
tained. 

The standard of reference may be (1) a n  exact 
value, such as the sum of the three angles of a plane 
triangle is 180' ; (2) a value of a conventional unit 
a s  defined by a physical representation thereof, such 
as  the international meter, defined by the Znterna- 
tional Prototype Meter (bar) at the National Bureau 
of Standards ; (3) a survey or map value determined 
by refined methods and deemed sn5ciently near the 
ideal o r  true value to be held constant for the control 
of dependent operations, such a s  the adjusted eleva- 
tion of a permanent bench mark or the graticule of a 
map projection. The accuracy attained by field sur- 
veys is the product of the instructions to be followed 
in the execution of the work and the precision with 
which those instructions are  followed. 

achromatic lens.-A lens which transmits light without 
separating it into component colors. 

An achromatic lens transmits light with a neg- 
ligible amount of chromatic aberration. This is ac- 
complished by means of lens elements of glass having 
diflerent indices of  rcfractlon, so proportioned tha t  
the chromatic aberration in one element is compen- 
sated by tha t  in another. Lenses t h a t  are  made 
achromatic a re  usually also made aplanatic, t h a t  is, 
free of sph&Cd aberration. 

achromatic telescope.-A telescope having a n  achromatfo 
lem for  its object glass. 

adjusted angle.-See under angle. 
adjusted elevation.-See under elevation. 
adjusted position.-See under pO8ftiOn. 
adjusted value.-See under value. 
adjustment (leveling) .-The determination and applica- 

tion of corrections to orthometric differences of ele- 
vation or to  orthometric elevations, to make the 
eZevatfom of all bench mark8 consistent and inde- 
pendent of the Circuit Closures. 

adjustment: angle method of adjustment (triangulation 
and traverse).--A method of adjustment of 068erua- 
tione which determines correctioons to  observed 
angles. 

The angle method of adjustment may be used 
where a chain of single triangles is to be adjusted. 
For a n  extensive triangulation figure with overlap- 
ping triangles, the direct4on method o f  adjustment 
1s preferred. 

adjustment: collimationAee under collimat(on adjust- 
ment. 

gmce. 

I 
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adjustment: direction method of adjustment (triangula- 

tion and traverse).-A method of adjustment of ob- 
servations which determines corrections to  observed 
directions. 

I n  the direction method, each angle is considered 
as the difference between two directions, for  each 
of which a separate correction is determined. The 
direction method is used in the adjustment of tri- 
angulation figures which a re  composed of overlap- 
ping triangles, but for  some work, where the survey 
consists of a chain of single triangles, the angle 
method of adjustment may be preferred. 

adjustment: local.-See under adjustment: statton ad- 
justment. 

adjustment: station.-The satisfying Of conditions ex- 
isting among angles as measured at a survey station. 
Also called local adjustment. 

I n  a station adjustment, two kinds of conditions 
may require consideration : the sum of a series of 
measured angles closing the horizon may not equal 
exactly 360° ; the  sum of several contiguous angles 
measured separately may not equal the  sum angle 
measured a8 a single angle. The term observed 
angles may be applied to  the measured angles af ter  
they have been corrected by station adjustment. 

adjustment correction (leveling) .-See under correction. 
adjustment of observations.-The determination and a p  

plication of corrections corresponding to errors af- 
fecting the observations, making the  observations 
consistent among themselves, and coordinating and  
correlating the derived data. 

The object of adjustment i6 t o  provide the best 
(most probable) values of results obtainable from 
a series of survey observations, and to  coordinate 
and  correlate those results within the survey itself 
and  with previously existing basic data. This is 
accomplished by mathematical analysis, as by the  
use of the  method of least squares; or mechanically 
by graphical methods such as employed in  plane- 
table surveying. The mathematical adjustment in- 
volves the  solution of certain condition equations or 
observation equations, such as angle equations, side 
equations, length equations, and latitude, longitude, 
a n d  azimuth equations. See, also, adjustment: sta- 
tion. 

aerial map.-See under chart: aeronautical chart. 
aerial navigation map.-See under chart: aeronautical 

aeronautical chart.-See under chart. 
aeronautics.*-The science and art of navigation 

air navigation chart.-See under chart: aeronautical 

air navigation map.-See under chart: aeronautical 

Airy theory of isostasy.-See under bostasy.  
Aitot equal-area map projection.-See under map pro fee  

tion. 
Albers conical equal-area map projection.-See under 

map projection. 
alidade.-The par t  of a surveying instrument which 

consists of a sighting device, with index, and read- 
ing or recording accessories. 

Thg alidade of a theodolite or surveyor’s transit 
is the upper par t  of the instrument : the  telescope, 
micrometer microscopes, or verniers, and accessories, 
mounted on what  is called the “upper motion” of 
t h e  instrument, and used in  observing a direction 
o r  angle on the graduated circle, which is mounted 
on the “lower motion.” 

The alidade used in  topographic surveying con- 
sists of a straight-edge ruler carrying a telescope 
or other sighting device, and used in recording a 

chart. 

through the atmosphere. 

chart. 

chart. 

direction on the plane-table sheet, which corresponds 
to  the graduated circle of the  theodolite. If a tele- 
scope is used, the  instrument is often termed a tele- 
scopic alidade. 

The movable a rm of a sextant is a n  alidade. 
alidade: telescopic.-A usual designation for  a n  instru- 

ment composed of a telescope mounted on a straight- 
edge ruler, and  used with a plane table in topo- 
graphic surveying. See alidade. 

alignment (ahentent).-The placing of points along a 
straight line. Also, the location of points with ref- 
erence to  a straight line, or t o  a system of straight 
lines. 

The use of the term alignment i n  surveying should 
be limited to operations associated with straight 
lines. 

alignment: curve of.-See under curve of alignment. 
alignment correction. tape.-See under tape. 
ahnucantar.-Any small circle on t h e  celestial sphere 

parallel with the horizon. Also termed parallel of 
altitude and  circle of equal altitude. 

alt-azimuth instroment-An instrument equipped with 
both horizontal a n d  vertical graduated circles, for 
the simultaneous observation of horizontal and ver- 
tical directions or angles. 

The alt-azimuth instrument derives its name from 
the combination of the terms altitude a n d  azimuth. 
Many theodolites and engineer’s and  surveyor’s tran- 
sits a r e  alt-azimuth instruments ; the  vertical circle 
(instrument) used by the Coast and  Geodetic Sur- 
vey has  a small horizontal circle as well as a larger, 
more precise vertical circle, and may be considered 
a n  alt-azimuth instrument, but the  te rm is little 
used for  surveying and mapping instruments. Its 
use may properly be restricted to  designating a n  
instrument of the  theodolite type constructed for  
use in  astronomical work, and  sometimes called a n  
astronomical theodolite or the  universal instrument. 

altimeter.-An aneroid barometer used for determining 
elevations. 

altitude.-The vert4cal angle between the  plane of t h e  
horizon and the line to  the  object which is observed 
or defined. 

I n  astronomy and  surveying, t h e  altitude is posi- 
tive if the object is above the horizon, a n d  negative 
if below it. I n  surveying, a positive altitude is 
also termed a n  angle of elevation; a negative alti- 
tude, a n  angle of depression. I n  astronomy, alti- 
tude is the  complement of the  zenith distance. I n  
photogrammetric surveying, altitude applies to e k -  
vation above datum of points in space. 

altitude : circle of equal.-See under almucantar. 
altitude : parallel of.-See under almucantar. 
amplitude of vibration (pendulum).-The arc passed over 

by a pendulum in executing one vibration. 
I n  the present use of the Mendenhall pendulum, 

the amplitude of vibration is measured in milli- 
meters. I n  mathematics (harmonic analysis), the  
amplitude is the semi-arc or distance out  from the  
mean position. 

aneroid barometer.-See under barometer. 
angle (general) .-That relationship of lines or surfaces 

which is measured by the  amount of rotation neces- 
sary to  make one coincide with or parallel to another. 

See, also, angle: solid. 
An angle may be expressed as a difference in d i r e c  

tions of lines which lie: (1) I n  a plane, giving a 
plane angle. ( 2 )  In a curved surface, giving a 
spherical angle, a Spheroidal angle, etc. ( 3 )  In two 
planes, measuring the inclination of one plane to the 
other, giving a dihedral angle. 

I n  each case the magnitude of t h e  angle is reck- 
oned in units derived from a complete circumference 
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of a circle. There a r e  several systems of such units, 
of which the following are the most commonly used : 

a )  The degree ( " )  is 1/360th par t  of a circum- 
ference, and is the unit of the sexagesimal system 
used in this country. The degree is divided into 60 
minutes (60 ' ) ,  and the minute into 60 seconds (60") .  

b) The hour ( A )  is 1/24th par t  of a circumference, 
and is the unit used in the angular expression of 
time. The hour is related to the degree by the 
equation: 1A=15O. The hour is  divided into 60 
minutes ( 6 0 m ) ,  and the minute into 60 seconds (60'). 
[Note tha t  in the sexagesimal system the symbols for 
minutes and seconds a re  (') and ("), and in the 
time system the  symbols for minutes and seconds are 
( m )  and (').I An angle expressed in  - -O --' --" is 
said te  be in arc measure ; expressed in --h --m --', 
in time measure. 

c )  The grad or grade ( 0 )  is 1/400th par t  of a 
circumference, and is the unit of the centesimal 
system used in France. It is related to the degree 
by the equation: 1000=90°. The grad is divided 
into 100 centesimal minutes (100' ) ; and a centesi- 
mal minute is divided into 100 centesimal seconds 
(100" ). While, as indicated above, the prime and 
double prime with reverse slant ( '  ," ) are  used to 
designate centesimal minutes and seconds, the com- 
mon forms of the prime and double prime (', ") are 
used by some authors for the same purpose. 

d )  The radian ( r )  is  the angle a t  the center of a 
circle subtended by a n  arc having exactly the same 
length as the radius of the circle. One radian equals 
360" divided by 2 r  or 57.30' approximately. Ita 
value in seconds of arc is 206,205". It is  used 
in astronomy and navigation. 

e )  The mil is 1&0 part  of a circumference: 
it subtends 0.98 (approximately 1 )  linear unit a t  a 
distance of 1000 such units. It is related to  the 
degree by the equation: 1 mil=0.05625'. It is 
used in military operations. 

Sometimes, a particular angle may be defined by 
giving the length of chord which subtends the angle 
a t  a stated distance. Thus, the angle which 1 foot 
subtends a t  a distance of 39 miles is equal i o  1". 
This is  often expressed by the following saying "A 
second is  a foot at forty miles." 

I n  surveying operations, an angle is classified in 
various ways, a s  follows : 

1 )  According to the  position or character of the 
surface in which it lies : horizontal angle, vertical 
angle, oblique angle, Spherical angle, spheroidal 
angle. 

2)  According to the method by which it Is ob- 
tained : observed angle, concluded angle, adjusted 
angle. 

3 )  According to the function which it serves in 
the computation of the survey data  : dbtance angle, 
azimuth angle. 

4 )  According to  the relative position it occupies 
in a geometric figure : interior angle, exterior angle. 

An adjusted angle may be derived from either an 
observed angle or from a concluded angle. 

angle: azimuth (astronomy).-The angle less than 180" 
between the plane of the celestial meridian and the 
vertical plane containing the observed object, reck- 
oned from the direction of the elevated pole. 

I n  astronomic work, the azimuth angle is  the 
spherical angle at the zenith in the astronomical 
ttiangle, pole-zenith-star. I n  geodetic work, it ia 
the  horizontal angle between the celestial pole and 
the observed terrestrial object. 

angle: adjusted.-An adjusted value of an angle. 

angle: azimuth (surveying) .-An angle in triangulat(on 
or in traverse through which the computation of azi- 
muth is carried. 

In a simple traverse, every angle may be a n  azi- 
muth angle. Sometimes, in a traverse, to  avoid 
carrying azimuths over very short lines, supple- 
mentary observations a re  made over comparatively 
long lines, the  angles between which form azimuth 
angles. 

In triangulation, certain angles, because of their 
size and position in the figure, are  selected for use 
as  azimuth angles, and enter into the formation of 
the azimuth condition equation (azimuth equation). 

angle: complement of.-The difference between an acute 
angle and one right angle (90'). 

angle: concluded.-An interior angle between adjacent 
sides of a closed figure, which is obtained by subtract- 
ing the sum of all the other interior angles of the 
figure from the theoretical value of the sum of all 
the interior angles. 

The concluded angle is most frequently met with 
in triangulation, where it is obtained by subtracting 
the sum of two known angles of a triangle from 
180" plus the spherical eacees of the triangle. 

angle: deflection.-A horizontal angle measured from 
the prolongation of the preceding line, right or left, 
to the following line. 

angle: dihedral.-An angle between two planes. 
A dihedral angle is measured in a plane perpen- 

dicular to the line of intersection of the planes form- 
ing the angle, and is acute, right, oblique, or straight 
according to the nature of the plane angle which rep- 
resents it. 

angle: direct.-See under angle to right. 
angle: distance.-An angle in a triangle opposite a side 

used a s  a base in the solution of the triangle, or a side 
whose length is to be computed. 

In a chain of single triangles, as the computation 
proceeds through the chain, two sides in each tri- 
angle are  used : a known side and a side to be deter- 
mined: the angles opposite these sides a re  the dis- 
tance angles. 

angle: explemend of.-The difference between an angle 
and four right angles (360"). 

angle: exterior.-The angle between any side of a poly- 
gon and adjacent side extended. 

Exterior angle is also used to designate the outside 
angles formed by a line intersecting two parallel 
lines. I t  has likewise been used in surveying to des- 
ignate the eaplement of a n  angle. This latter use 
is rare. 

angle: horizontal.-An angle in a horizontal plane. 
The directions may be to objects in the hori- 

zontal plane ; or they may be the lines of intersection 
of the horizontal plane with the vertical planes 
containing the objects. 

angle: interior.-An angle between adjacent sides of a 
closed figure, measured by the arc connecting those 
sides on the inside of the closed figure. 

The three angles of a triangle are  interior angles. 
angle: observed.-An angle obtained by direct instru- 

mental observation. 
A measured angle which has been corrected for lo- 

cal conditions (see adjustment: station) only a t  the 
point of observation, is considered an observed angle. 

angle: parallactic.-See under astronomical triangle. 
angle: refraction.4ee under refraction angle. 
angle: solid.-The integrated angular spread at the 

vertex of a cone, pyramid, or other solid figure. 
The unit of measure of a solid angle is the stera- 

dian, a solid angle a t  the center of a sphere which is 
subtended by a portion of the surface of the sphere 
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having an area equal to  the  square of the radius 
of the sphere. 

angle: spherical.-An angle between great drcles on a 
sphere. 

A spherical angle is measured either : a )  by the 
alihedral angle of the planes of great circles or b)  
by the plane angle between tangents to  great circles 
a t  their intersection. 

angle: spheroidal.-An angle between two curves on a 
spheroid, measured by t h e  angle between their 
tangents at the point of intersection. 

angle: supplement of.-The difference between a n  angle 
and two right angles (180'). 

angle: vertical.-An angle in a vertical plane. 
In surveying, one of the directions which form a 

vertical angle is usually either ( a )  the  direction of 
the vertical (zeni th) ,  and the angle is termed the 
zenith distance; or (b)  the line of intersection of the 
vertical plane in which the angle lies with the plane 
of the horizon, and the angle is termed the angle of 
elevation or  angle of depression, or  simply the alti- 
tude (plus or  minus, as the case may be). The ver- 
tical angle between two directions, neither of which 
lies in the  plane of the horizon or coincides with the 
vertical, is usually obtained from the combination of 
two vertical angles as defined above. 

angle eqoation.-See under equation. 
angle method of adjustment (triangulation and trav- 

angle of depression-See under altitude. 
angle of elevation.-See under altitude. 
angle of incidence.-See under refraction 01 light. 
angle of inclination.-An angle o f  elevation or a n  angle 

angle of refraction.-See under rejract6on of light. 
angle to right.-The horizontal angle measured clock- 

wise from the preceding line to the following one. 
angles: repetition of.-See under repetition 01 angles. 
annoal aberration.-See under aberration of Ught 

annsal parallax.-See under parallam. 
anomalistic month.-See under month. 
anomalistic year.-See under year. 
anomaly (astronomy).-The angle at the sun between 

the radius vector of a planet and the line of apsides of 
I ts  orbit, reckoned from perihelion. 

The term defined above is also called the true 
anomaly, when it is desired to distinguish it from the 
eccentric anomaly, which is the corresponding angle 
a t  the center of the orbit : or from the  mean anomaly, 
which is what the t rue anomaly would become if the 
planet had a uniform angular motion. 

erse).-See under adjustment. 

of depression. See altitude. 

(astronomy). 

anomaly (general).-A deviation from a norm. 
anomab (geodesy).-A deviation of a n  observed value 

from a theoretical value, due to a n  abnormality i n  the 
observed quantity. 

anomaly: Bosguer.-A difference between a n  observed 
value of gravity and a theoretical value at the point 
of observation, which has  been corrected for the 
effect of topography only, the topography being con- 
sidered as resting on a plane of indefinite extent. 

I n  practice, a Bouguer anomaly is obtained through 
a series of approximations. First, the  topography is 
treated as an indefinite slab of a thickness equal to 
the elevation of the station above sea level, the rate 
of change of gravity with elevation depending upon 
the assumed density of the slab, and  being about 
fiveeighths the normal value of tha t  ratio. This first 
approximation gives the main par t  of the  ammaly.  

The determination of the effect of this indefinite 
slab is the first step in the Hayford-Bullard (or 
Bullard) method of isostatic reduction. 

Second, allowance is made for the  departure of 
the actual topography from the  indefinite slab. This  
correction is usually small. The distance out from 
the station f o r  which it is computed is a matter 
of convenience; while no precise rule has been 
adopted for  selecting th i s  distance, it has  been sug- 
gested tha t  it should increase with elevation of s t a -  
tion. The practice in the  United States Coant and 
Geodetic Survey is t o  compute this  second correction 
out to Zone 0 of the Hayford divisions of t h e  surface 
of the earth, tha t  is, 166.7 kilometers or  about 100 
miles out from the  station. See template ( tem- 
p l e t ) .  

A third approximation is sometimes made by tak- 
ing account of the curvature of the  sea-level surface. 
The numerical value of th i s  correction is small, 
unless the computation is carried to  a great  distance 
from the station. I n  the work of the  United States 
Coast and Geodetic Survey, no account is taken of 
this correction and, according to  Helmert, it should 
not be used. However, reasons have been advanced 
favoring its inclusion in a complete computation of 
a Bouguer anomaly. 

For use in  reducing gravity observations to ob- 
tain even a n  approximate approach to a theoretical 
value, the Bouguer method has  proved of little or 
no value. It ignores isostatic compensation and 
creates large fictitious anomalies; it neglects large 
amounts of mat ter  existing between the geoid and 
the spheroid; and it takes no account of actual to- 
pography beyond the limited distance used in the 
computation of the  second correction (above). It 
has, however, proved useful to  oil companies in their 
geophysical investigations : if Bouguer anomalies 
are  available at a number of stations within a limited 
area, values of this  anomaly at other points within 
the area can be obtained by interpolation, and from 
these, serviceable values of gravity are  obtained by 
computation. 

The use of the  pendulum in determining the figure 
of the earth came in at about the  beginning of the  
nineteenth century, and with t h a t  use came the 
application of Bouguer's rule for  the reduction of 
gravity observations. The method continued i n  
favor until Clarke and Helmert, applying the the- 
ories of Pratt and Airy which a r e  now known as 
the principle of isostasy, showed tha t  it did not come 
anywhere near producing reliable values of the- 
oretical gravity. Its present use is limited to theo- 
retical studies and t o  the  practical application given 
above. 

The Bouguer anomaly derives its name from the  
French mathematician, Pierre Bouguer (1698- 
1758), who did not develop the method itself, but 
who proposed the rule or  formula expressing t h e  
effect of a slab of indefinite extent, as Considered 
in making the first approximation (above). In its 
time, the Bouguer rule has  also borne the  names of 
Youhg (Thomas Young, 1773-1829) a n d  Poisson 
(Simon Denis Poisson, 1781-1840). 

anomaly: deflection.-The difference between a n  uncor- 
rected value of the deflection of the vertical as 
determined by observation and the value after being 
corrected in  accordance with certain assumptions 
made with reference to the  physical condition of 
the geoid. 

As 
it applies to the residua& obtained from solutions 
of equations set up in conformity with some 
adopted theory of distribution of mas8 in  tbe outer 
par t  of the earth's crust, the  term residual is more 
generally used, qualified, if need he, by a designation 

The term deflection anomaly is seldom used. 
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of the particular solution through which it was 
obtained. 

anomaly: free-air.-The difference between observed 
gravity and theoretical gravity which has been com- 
puted for latitude and corrected for elevation of the 
station above the  geoid, by application of the  normal 
ra te  of change of gravity for change of elevation, 
a8 in free air. 

The elevation correction is for height above the 
geoid, not the  spheroid, the  relation of which to the 
geoid is practically always unknown. No correction 
is applied for  the effect of topography and isostatic 
compensation. 

anomaly: gravity.-The difference between the observed 
value of gravity at a point and the theoretical value, 
in the sense, observed minus theoretical. 

The theoretical value may be obtained in various 
ways. See anomaly: free-air; anomaly: Bouguer; 
anomaly: isostatic. The point a t  which the two val- 
ues of gravity a re  compared is commonly either the 
point of observation or a point on the geoid directly 
under (or above) the point of observation. 

The value of the gravity anomaly is t h e  same 
for either point of comparison. However, in fram- 
ing a deanition, i t  is desirable to adopt one con- 
vention or the other. I n  the United States, since 
one of the purposes of the isostatic studies of the 
U. S. Coast and Geodetic Survey has been to  explain 
observed gravity, the point of observation has been 
used a s  the point of comparison. Elsewhere, the 
almost universal practice has been to  take the point 
on the geoid directly below (or above) the point of 
observation, even for isostatic studies, since the 
original use of gravity observations was to deter- 
mine the flattening of the earth: this fact has deter- 
mined the convention adopted for defining gravity 
anomaly. 

If we knew the relation between the geoid and the 
spheroid of reference ( a  formula for theoretical grav- 
ity implies a spheroid of reference), we could reduce 
gravity to the spheroid of reference : this is often 
done in theoretical investigations. 

When it is desired t o  explain the observed value 
of gravity by some theory, it is natural to take the 
point of observation as the  point of comparison. 
If, on the other hand, it is desired to  use observa- 
tions of gravity to determine the figure of the earth, 
the natural point of comparison i s  the  point on the 
geoid directly below (or above) the point of obser- 
vation. For  studies of this sort, it is neoessary to 
reduce all observations to  a common level surface. 

anomaly : isostatic.-The difference between an observed 
value of gravity and a theoretical value a t  the point 
of observation which has been corrected for eleva- 
tion of the station above the geoid and for the effect 
of topography over the whole earth and for its 
isostatic compensation. 

The present procedure is to compute the lsostatic 
compensation according to the Pratt theory of (808- 
tasy  a s  developed by Hayford, using various depths 
for purposes of comparative analysis. Isostatic 
anomalies obtained by the  above procedure are  some- 
times called Hayford gravity anomalies or, simply, 
Hayford anomalies. Other types of isostatic anom- 
aly may be distinguished by the author’s basic as- 
sumptions and designated by the author’s name, as 
hleinesz anomaly, Heiskanen anomaly, etc. 

Antarctic Circle.-The geographic parallel having a 
south latitude equal to the complement of the dec- 
lination of the winter soletice. 

The obliguity of the ecliptic is steadily changing, 
So t h a t  the winter solstice is not a point of fixed 
declination, and the Antarctic Circle a s  defined above 
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is not a line of axed position. When the Antarctic 
Circle is to be shown on a map, it is desirable t h a t  
it be treated as a line of fixed position, and a con- 
ventional value adopted for its latitude. For this 
purpose, the  value 66”33‘ south latitude is here pro- 
posed. This is the complement of 23’27’, proposed 
for the latitude of the Tropic of Capricorn. 

The area enclosed by the Antarctic Circle is called 
the “South Frigid Zone,” and a t  all points in  this 
area, a t  the time of the winter solstice, the sun is 
above the horizon a t  local midnight. The belt of 
the earth’s surface bounded by the Antarctic Circle 
and the Tropic of  Capricorn is called the “South 
Temperate Zone.” See Arctic Circle. 

aphelion.-The point in an elliptical orbit of a planet 
or comet remotest from the sun. 

aplanatic lens.-A lens which transmits light without 
spherical abewation. 

apparent (visible) horizon.-See under hcdzon. 
apparent solar day.-See under day. 
apparena solar time.-See under t6me. 
apparent time.-See under time. 
approximate.-Approaching closely but  not attaining a 

specified accuracy or a precision conformable with 
the quality of the observations. 

Too few observations or observations made with 
an inferior instrument will give a n  approximate 
result. 

Omitted corrections or ‘the neglect of terms having 
significant values will produce an approximate result, 
even where the observations themselves are  satisfac- 
tory. 

apsides: line of.-See under line of apsides. 
arc  (general) .-A portion of a mathematically de5ned 

curve. 
A circular a rc  is part  of a circle ; an elliptical arc, 

part of an ellipse ; etc. 
arc  correction (pendolam).-The quantity which is ap- 

plied to the period of vibration of a pendulum to 
allow for the pendulum’s departure from simple har- 
monic motion. 

With a pendulum, the  acceleration is proportional 
to the sine of the amplitude, while the displace- 
ment is proportional to the amplitude itself. The 
arc is the quantity obtained by observation, and it is 
slowly changing ; the acceleration is the quantity 
sought. By limiting the size of the amplitude, the 
correction required to take account of this  non-iso- 
chronous condition is kept quite small. 

a rc  trianga1ation.-See under triangulation. 
Arctic Circle.-The geographic parallel having a north 

latitude equal to the complement of the declination 
of the summer solstice. 

The obliquity of the ecliptic is steadily chang- 
ing so that  the summer solstice is not a point of 
fixed declination, and the Arctic Circle a s  defined 
above is not a line of fixed position. When the Arc- 
tic Circle is to  be shown on a map, i t  is desirable 
that  it be treated a s  a line of Axed position, and a 
conventional value adopted for its latitude. For this 
purpose, the value 66”33’ north latitude is here pro- 
posed. This is the complement of 23’27’. proposed 
for the latitude of the Tropic o f  Cancer. 

The area enclosed by the Arctic Circle is caned 
the “North Frigid Zone,” and a t  all points in  this 
area, at the time of the summer solstice, the sun is 
above the horizon a t  local midnight. The belt of the 
earth’s surface bounded by the Arctic Circle and 
the Tropic of Cancer is called the “North Temper- 
ate Zone.’’ 

Actually, when a n  observer sees the sun a t  a 
solstice just touch the horizon a t  local midnight, 
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without setting, he is probably much nearer t o  the  
66th parallel of latitude than to the one proposed 
above for cartographic use. This is an effect of at- 
mospheric refraction. It is modified by local condi- 
tions, including dip of horizon. 

area triangulation.-See under triangulat4on. 
arithmetical mean.-The value obtained by dividing 

the sum of a series of values by the number of values 
in  the series. See weighted mean. 

artificial horizon.-See under horizon. 
A-stations (traverse).-8ubsi&ary atatdons established 

between principal stations of a survey traverse, for  
convenience of measuring, t o  obtain the distance he- 
tween the  principal stations. 

A-stations a re  established along a route which is 
not  straight, as along a curved section of a rail- 
road, where the length measures must be carried 
through a series of short  straight lines, while azC 
muth control may be carried through widely spaced 
stations. The A-stations form a traverse loop with 
the  line connecting the principal stations, the distance 
between which is obtained by projecting the  meas- 
ured lengths of the short  lines onto tha t  main line. 
See equation: perpendicular ( traverse) .  A-sta- 
tions a re  so-called because in a given series, these 
stations a re  designated by the name of a principal 
station followed by the letters A, B, C, etc., i n  order 
of distance from the principal station. They are  
sometimes referred to as “A, B, C stations.” 

astrolabe.-An instrument for measuring altitudes of 
celestial objects. See under astrolabe: pendulum 
astrolabe; planispheric astrolabe; prismatic astro- 
labe. 

Derived from Greek words meaning “to take a 
star,” the term astrolabe has  been used t o  designate 
a great variety of instruments, of which the  three 
named above are  of especial interest to  surveyors 
and map makers. 

astrolabe : pendulum.-An astronomical instrument using 
a constant altitude for position determination. Its 
distinctive feature is a mirror suspended on top of a 
pendulum to  form the artificial horizon. 

The instrument consists of a V-shaped casting 
carrying the objective and eyepiece lenses at the  
ends of the arms. The mirror, which rests on top of 
the  pendulum and forms the level surface (artificial 
horizon), is located at the intersection of the  V. 
The pendulum is suspended so t h a t  it is free to swing 
in either of two planes at right angles to each other, 
such as north-south and  east-west planes. The pen- 
dulum is highly damped so t h a t  the mirror comes t o  
rest quickly and remains steady under normal ob- 
serving conditions. 

astrolabe: planispheric.-An aatrolabe of ancient origin, 
consisting of a full graduated circle with a centrally 
mounted alidade, and accessory adjustable plates on 
which a re  engraved stereographic projections of the  
heavens and of the sphere for local latitudes. 

The instrument is held suspended in  a vertical 
plane, the  altitude of a star is observed with the aid 
of the alidade, and the projection-bearing plates i2e 
so adjusted that ,  with the da ta  available, what  a r e  
essentially graphical solutions of astronomical prob- 
lems are  effected. 

astrolabe: prismatic.-An astrolabe consisting of a t e l e  
scope in a horizontal position, with a prism a n d  
artificial horizon attached at its objective end, used 
for determining astronomic positions. 

The usual form of this instrument employs a 60’ 
prism, with the face nearest the objective perpen- 
dicular to the line of collimation of the  tekscope; a 
small mercurial horizon is attached to  the  instru- 

ment beneath t h e  prism. In  observing, two images 
of a star are  seen : one reflected directly into the  
telescope by the  lower face of the prism : the other 
reflected first by the mercurial horizon, then by the  
upper face of t h e  prism into the teleacope. These 
two images of the same star are  moving in  opposite 
directions, and at the  instant  of the  coincidence, the  
star is at the apparent altitude of the prism angle. 
Prismatic astrolabes may be made with the angle 
between the two inclined at other than  60’ An 
English instrument employs a 45O mag&, and has  
accessory means of obtaining more than one observa- 
tion for a given setting. 

astronomic: astronomical.-Of or pertaining to astron- 
omy, the science which t rea ts  of the heavenly bodies, 
and  the  art based on t h a t  science. 

For particular usage of the two forms, astronomic, 
astronomical, see i c  ; i ca l .  

astronomic azimuth.-See under azimuth. 
astronomic azimuth mark.-See under azimuth mark. 
astronomic coordinates.-See under coordinatea. 
astronomic equator.-See under equator. 
astronomic latitude.-See under latitude. 
astronomic longitude.-See under longitude. 
astronomic meridian.-See under meridian. 
astronomic parallel.-See under parallel. 
astronomic position.-See under latitude: astronomic; 

astronomical day.-See under day. 
astronomical leveling.-See under leveling. 
astronomical refraction.-See under refraction. 
astronomical theodolite.-See under alt-azimuth instru- 

astronomical time.-See under time. 
astronomical transit.-See under transit. 
astronomical traverse.-See under traverse. 
astronomical triangle.-The triangle on t h e  celestial 

sphere formed by arcs of great circle8 connecting the  
celestial pole, the  zenith, and a celestial body. 

The angles of the astronomical triangle a re  : at t h e  
pole, the hour angle; at the celestial body, the 
parallactic angle ; at the zenith, the azimuth angle. 
The sides are  : pole to  zenith, the  co-latitude; zenith 
to  celestial body, the zenith distance; a n d  celestial 
body to pol&, the polar distance. 

astronomical unit.-The mean distance of the ear th  
from the s u n ;  t h a t  is, the  semi-major axis of the  
elliptical orbit described by the earth around t h e  
sun, equal to  about 149,500,000 kilometers (Smith- 
sonian Physical Tables, 1934). 

While the above simple definition is generally used 
i n  technical and  popular publications, mathematical 
astronomers a n d  it convenient to  adopt  a highly 
technical definition involving the use of a constant 
(kz) introduced by Gauss to  define the acceleration 
of the sun’s gravitational field, and  in particular the  
exact value of kz used by Gauss, although the astro- 
nomical data  used by him to determine it differ 
slightly from the  best modern values. 

The solar parallaz is a measure of the astronomical 
unit, and in some astronomical calculations it is 
convenient to use the  solar para l lw  i n  place of the  
astronomical unit. 

asymmetry of object (target).-Lack of symmetry in  the 
visible aspect of a n  object as seen from a particular 
point of observation. 

A square or rectangular pole may so face the 
observer tha t  the line bisecting its tangents does not 
pass through its geometrical center. With a square 
cupola or  tower, the error resulting from observing 
tangents and taking a mean may be quite large. 
The error due to asymmetry of object observed on 

longitude: astronomic. 

ment. 
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k of t h e  same character and requires the same treat- 
ment a s  error  due to observing on a n  eccentr(c object. 
Asymmetry and phase are  closely associated, but 
are not  identical. 

a6mospheric refraction.-See under refraction. 
authalic (equal-area) latitude.-See under latitude. 
autogona~ map projection.-See under map projection. 
autumnal equinox.-See under equinoa. 
auxiliary guide meridian (United States pnblic-land sur- 

vey8)-See under meridian. 
auxiliary standard parallel (United States public-land 

surveys).-See under parallel. 
average error-See under error. 
ariation chart.-See under chart: aeronautical chwt. 
aviation map.-See under chart: aeronautical chart. 
axis of lens (lens axis).-See under pri&pd and. 
&E of level; axis of level bubble.-See under level 
a&: 8pMt level d. 

azimuth (general).-The horizontal direction reck- 
oned clockwise from the meridian plane. See speci5c 
deflnition for azimuth: astronomic; azlmuth: geo- 
detic; azimuth: grid; etc. 
In the basic control surveys of this country, 

azimuths are  measured clockwise from south fol- 
lowing the  continental European geodetic practice. 
However, this practice is not followed in all coun- 
tries. 

azimuth: astronomic.-At t h e  point of observation, the 
angle measured from the vertical plane through the 
celestial pole to  the  vertical plane through the  
observed object. 

Astronomic azimuth is t h e  azimuth which results 
directly from observations on a celestial body : i t  is 
measured in the plane of the horizon, and is usually 
reckoned from south (OD), through west (eo'), 
north (180°), and east (270°), back to south (360' 
or  0 " ) .  It is  affected by the local deflection o f  the 
vertical (etathn error) which, in  the  United States, 
produces differences between astronomic and geo- 
detic dmUth8 of as much as 26" in the  mountain 
regions of the west, and of 10" in the less rugged 
eastern States. 

Astronomic azimuths may also be reckoned clock- 
wise from north through 360O. I n  navigation, they 
a r e  sometimes reckoned clockwise or counter-clock- 
wise through 180", from the south in the southern 
hemisphere, and from the north in the northern hemi- 
sphere. I n  recording an astronomic azimuth it is 
essential tha t  both the initial and the direction of 
reckoning be indicated. 

azimuth : back.-See under azimuth: geodetio. 
azimuth: direction method, determination of astronomic 

azirnuth.4he determination of the astronodc a& 
muth of a line by measuring with a direction theo- 
doUte the  horizontal angle between a selected s tar  
and a suitable mark, and applying tha t  angle to  the 
azimuth of the s tar  computed for the epoch of the 
observation. 

I n  the horizontal control 8urveys of continental 
United States, the dlrection method of azimuth de- 
termination is preferred over other methods. A 
circumpolar star is observed at any hour angle, the  
mark being a signal light on a main-8cheme 8tat40n 
or  a t  a station, called an azimuth mark, established 
for the purpose. A correction for  inclination of the 
horizontal ads,  depending upon the altitudes of the 
star and of the  mark, is applied to the  observed angle, 
and curvature correction and correction8 for vario- 
tlon of the pole and for diurnal aberration also 
enter into the computation. 

adrnuth: forward .4ee  under azimuth: geodeth. 

azimuth: geodetic.-For the geodesk line from A to  B, 
the angle between the tangent to the meridian a t  A 
and the tangent to the geodesic line a t  A. I n  the 
U. S. Coast and Geodetic Survey, this angle is 
measured clockwise from south, but see under azi- 
muth (general). 

This azimuth is called the forward azimuth for 
t h e  line AB. The angle between the tangents to the 
meridian and to the geodetic line a t  B is called the 
back azimuth for the line AB. Because of the 
convergence of the meridians, the forward and 
backward azimuths of a line do not differ by exactly 
180", except where the two end points have the 
same geodetic longitude or where the geodetic latf- 
tudes of both points are  0". 

The geodesic line Is not, except in special cases, a 
plane curve, but for  short lines (of the length com- 
monly used in triangulation) one may neglect the 
small difference between the geodesic line and the 
plane curve actually observed. 

azimuth: grid.-The angle in the plane of projection 
between a straight line and the central meridian 
(axis of P) of a plane-rectangular coordinate 
system. 

In the &ate plene-coordinate systems established 
by the U. S. Coast and Geodetic Survey, grid azi- 
muths are reckoned from south ( 0 " )  clockwise 
through 360'. While essentially a map quantity, a 
grid azimuth may, by mathematical process, be 
transformed into a survey or ground quantity. See 
oisemen t. 

azimuth: Laplace.-A geodetic azimuth derived from a n  
astronomic azimuth by means of the Laplace equa- 
tton. 

It is proposed tha t  the symbol aL be adopted to 
designate a Laplace azimuth, to  distinguish i t  from 
a geodetic azimuth derived by computation through 
the  triangulation, which is represented by the sym- 
bol as. 

See Laplace equation. 
azimuth: magnetic.-At the point of observation, the 

angle between the vertical plane through the ob- 
served object and the  vertical plane in which a 
freely suspended symmetrically magnetized needle, 
influenced by no transient artiflciai magnetic dis- 
turbance, will come to rest. 

Magnetlc azimuth is generally reckoned from mag- 
netic north ( 0 " )  clockwise through 360". Such 
a n  azimuth should be marked a8 being magnetic, and 
the date  of I ts  applicability be given. 

azimuth: method of repetitions. determinations of astro- 
nomic azimuth.-The determination of the astronodc 
azimuth of a line by accumulating on the horizontal 
circle of a repeating theodolite the sum of a series 
of measures of the horizontal angle between a selected 
s ta r  and a suitable mark, and applying the mean of 
such measures to the azimuth of the s tar  computed 
f o r  the mean epoch of the observations. 

The method of repetitions for the determination of 
azimuth is  theoretically susceptible of great accuracy 
and precision, but in practice is not a s  satisfactory as  
the  direction method. 

A correction for inclination of the horizontal ads ,  
depending on the altitude8 of the s tar  and of the 
mark, is applied to the observed angle, and curvature 
correction and correction8 for variation of  the pole 
and for diurnal aberration also enter into the com- 
putations. 

azimuth: micrometer method, determination of astronomic 
azimuth.-The determination of the crstronomk as& 
muth of a line by measuring indirectly with an ocu- 
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lar micrometer attached t o  a theodolite or transit 
t h e  horizontal angle between a selected s ta r  at its 
elongation and a suitable ground mark (light) placed 
close to the vertical plane which passes through t h e  
star, and applying t h a t  angle to  the azimuth of the  
star computed for  the epoch of the observation. 

At elongation, the apparent motion in azimuth of 
a close circumpolar star like Polaris is very small for  
a n  appreciable period of time, and a series of observa- 
tions can be made by the  micrometer method with- 
ou t  reorienting the instrument. A correction for  in- 
clination of the horizontal axis, depending on the a h  
titudes of the star a n d  of the mark, is applied to the  
Observed angle, and curvature correction and correc- 
tions for variation of the pole and for diurnal aber- 
ration also enter into the computations. Recently, 
difficulties in determining astronomic azimuth i n  
Alaska, due to the large altitude of circumpolar stars. 
were overcome by employing the micrometer method 
with a Bamberg broken-telescope transit. 

azimuth: normal section.-For the normal sectton line 
from A to  B, the  angle at A between the meridian 
plane and  the normal section which passes through B. 

azimuth angle (astronomy) .-See under angle. 
azimkth angle (surveying) .-See under angle. 
azimuth equation.-See under equation. 
azimuth line.-See under azimuth plane. 
azimuth mark: astronomic.-A signal or target whose 

astronomic azimuth from a survey station is deter- 
mined from direct observations on a celestial body. 

The mark may be a lamp or  illuminated target  
placed especially for the purpose; or it may be a 
signal lamp at another survey station. 

I 

I 

I 

Bache-Wurdeman base-line measuring apparatus.-See 

back azimuth.-See under azimuth: geo&etfc. 
backsight (general) .-A sight on a previously estab- 

lished survey point. 
backsight (leveling).-A reading on a rod held on a 

point whose elevation has been previously deter- 
mined, and  which is not the  closing sight of a level 
circuit. 

In leveling, a backsight is sometimes called a plus 
sight, because it is usually added to  the elevation of 
the  rod point to  obtain the height of the instrument 
(H. I.). This is not always the case: the pointing 
may be on a mark on a wall or  in  the roof of a mine 
tunnel, with t h e  instrument at a lower elevation. 
I n  such a case, the backsight will be subtracted from 
the  known elevation t o  obtain the height of instru- 
ment. The term backsight is preferred over plus 
sight. 

backsight (transit traverse).-A sight on a previously 
established survey point, which is not the  closing 
sight of the  traverse. 

balancing a survey.-Distributing correction8 through 
a traverse, to  eliminate the errors o f  closure. 

Errors o l  closure may arise when a traverse closes 
upon itself o r  when it extends between points of 
known position. Corrections to balance the closing 
errors are distributed through the traverse accord- 
ing to some approved method, 80 tha t  the resulting 
survey figure will be geometrically consistent : the  
position and azimuth at the closing point as derived 
by computation carried through the balanced trau- 
erse will agree with the starting data  for a closed 

under base apparatus. 

I 

I 

I 

azimuth mark: geodetic.-A marked point established 
in connection with a triangulation (or traverse) sta- 
tion to  provide a s tar t ing azimuth for  dependent 
surveys. 

The  geodetic azimuth from the station to  the azi- 
muth mark is determined instrumentally: i ts  d i p  
tance is often determined only approximately, but  
should be sufficiently great to render negligible the  
angular effect of the ordinary errors of centering 
instrument and target. Since 1928, azimuth marks 
consisting of bronze tablets set i n  concrete or stone 
have been established in  connection with the basic 
horizontal control survey of the  United States. 
These marks a re  usually so located as t o  be readily 
available without special construction t o  elevate 
either instrument or  target. At  a station having 
a n  established azimuth mark, both the geodetic azi- 
muth and the grid azimuth of the mark on the &ate 
coordinate system a r e  computed and  published. 

wimuth mark: Laplace.-An astronomic azimuth mark 
at a Laplace station. 

azimuth plane.-Any vertical plane. 
Such a plane cuts  a n  azimuth section from t h e  

spheroid, and traces a n  azimuth line on its surface. 
These terms are  rarely seen and their use should be 
avoided. Although the vertical plane8 containing 
the  prime vertical and the  meridian are  sometimes 
regarded as not being azimuth planes, they are  ape- 
cia1 cases of tha t  term as here defined. 

azimuth section.-See under azimuth plane. 
azimuthal (zenithal) map Drojection.-See under map 

azimuthal equidistant map projection.-See under map 
projection. 

projection. 

traverse o r  with the fixed data where the traverse 
extends between flxed points. For a n  extended 
traverse, the elimination of errors may be made by 
the  method of least squares, and the operation is 
termed a n  adjustment. For  local work, the elimi- 
nation of errors may be made by one of two standard 
methods, and is termed balancing the survey. These 
methods a r e  termed c o m ~ a s s  rule and transit rule. 

ialancing a survey. compaus rule.-Corrections corre- 
sponding to the C l O S h g  errors in latitude and de- 
parture a r e  distributed according to the proportion : 
length of line to 'total length of traverse. 

The compass rule is used when it is assumed t h a t  
t h e  closing m o r s  are as much due to error8 in  ob- 
served angles as to  errors in measured dibtances. 

Balancing a survey. transit rule .4orrect ions corre- 
sponding to the closing errors in latitude and depar- 
ture are  distributed according to the proportion : 
Zatitude and departure of each line of the  traverse 
to  the arithmetical sums of the latitudes and depar- 
tures of the entire traverse. 

The t ransi t  rule is used when it is assumed t h a t  
t h e  closing errors are  due less to  the errors in the  
ObSe97~d angles than to  errors in the  measured 
distances. 

Bamberg broken-telescope transit.-See under Warreit: 
broken-telescope. 

bank of stream.-The continuous margin along a river 
where all vegetation ceases. 

The r ight  bank of a stream is the bank on t h e  
right-hand side, and the left bank, the  one on the  
left-hand side, as one proceeds in the direction in 
which the  current flows (downstream). 
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Barlow leveling rod.-See under leveling rod. 
barometer.-An instrument for measuring atmospheric 

pressure. 
There a re  two general types of barometers : those 

in  which atmospheric pressure is balanced by the 
weight of a column of liquid (usually mercury) ; 
and those in which atmospheric pressure is balanced 
by some elastic device. The latter a re  termed aneroid 
(without liquid) barometers. A third kind of device 
for measuring atmospheric pressure is the hypsome 
ter ,  which is not classed a s  a barometer. 

barometer: aneroid.-A barometer which balances the 
atmospheric pressure against a mechanically elastic 
device. 

The usual form of aneroid barometer consists of 
a thin box of corrugated metal, almost exhausted of 
air. When the atmospheric pressure increases, the 
box contracts; when the pressure lessens, the box 
expands. By mechanical means these movements are  
amplified and communicated to a n  index hand which 
registers on a graduated dial. The graduations on 
the dial a re  usually such as will show the atmos- 
pheric pressure in terms of height of a corresponding 
column of mercury. The aneroid barometer may be 
equipped with a n  auxiliary dial, graduated to show 
elevcctiom in feet  corresponding to  atmospheric 
pressure. 

barometer: cistern.-A mercury barometer in which a 
column of mercury is enclosed in a vertical glass 
tube, the upper end of which is sealed and exhausted 
of air, and the lower end placed in a cistern or reser- 
voir of mercury which is exposed to atmospheric 
pressure. 

The amount of the atmospheric pressure on the 
free surface of the mercury in the cistern determines 
the height t o  which the mercury will rise in the 
e r t i c a l  tube. This may be measured, and the pres- 
sure reported in terms of that  height, a s  so many 
inches of mercury. 

barometer: mercury.-A barometer in which atmospheric 
pressure is balanced against the Weight of a column 
of mercury. 

There a r e  two types of mercury barometers, differ- 
ing in the  form of apparatus used, but not in the 
underlying principle. See barometer: cistern; barom- 
eter: siphon. 

barometer: mountain.-A barometer constructed for use 
in  leveling operations. 

Mountain barometer is a general term, little used, 
for a barometer of any type which is constructed 
for safe transportation under difacult field condi- 
tions, so t h a t  it may be used in survey work. See 
barometer: aneroid, altimeter. 

barometer: siphon.-A mercury barometer consisting of 
a column of mercury in a glass tube which is so bent 
a s  to have two vertical branches, one about one- 
fourth the length of the other. The end of the longer 
branch is closed and the air  in it is displaced by the 
mercury, bu t  the shorter branch is left open and the 
mercury thereby subjected to  atmospheric pressure. 
The difference of the height of the mercury in the 

two branches is a measure of the atmospheric 
pressure. 

barometric hypsometry.-See under hypsOmet7yl. 
barometric leveling.-See under leveling. 
base apparatus (geodetic surveying).-Any apparatns 

designed for use in measuring with accuracy and 
precision the  length of a bose line in triangulation, 
or tbe length of a line in first- or second-order 
traverse. 

Various kinds of apparatus have been designed 
for  use in measuring base Ifnes, including the follow- 
ing general types : 

(1) Apparatus having a length unit composed of 
simple bars or tubes of wood, metal, or other ma- 
terial, suitably constructed for making alignment, 
contact, and temperature determination. The earli- 
est bars used in geodetic work were of wood. The 
most effective apparatus of this type is the fced- 
bar. 

(2) Apparatus consisting of bars or  tubes of dif- 
ferent metals having unequal coencients of thermal 
expansion, 80 arranged that  (a)  the temperature ef- 
fects on the lengths of the component parts are 
largely neutralized and the effective length of the 
apparatus remains almost constant, or (b) the com- 
ponent parts form a metallic thermometer, by means 
of which the temperature of the apparatus is ob- 
tained and i ts  effect on t h e  length of the apparatus 
determined. 

(3) Apparatus consisting of tapes or wires of 
metal, usually steel or a nickel-steel alloy. Because 
of its large coencient of thermal expansion, steel 
tapes can be used in precision measures of base lines 
only under favorable temperature conditions. I n  
this country, they have been replaced almost eh- 
tirely by tapes of nickel-steel (inuar or nilvar), hav- 
ing very small coencients 01 thermal expansion, and 
capable of giving good results through a wide range 
of temperature. While tapes or bands are  used in 
this country, wires have been used in base-line op- 
erations in Mexico and in Europe. 

base apparatus: Baehe-Wurdeman base-line measuring ap- 
paratus.-A compensating base-line measuring ap- 
paratus having a measuring element composed of n 
bar of iron and a bar of brass, each a little less than 
6 meters in length, held together flrmly a t  one end, 
with the free ends so connected by a compensating 
lever a s  to form a compensating apparatus. 

Described in Appendix No. 25, U. S. Coast and Geo- 
detic Survey Report for 1854 ; description reprinted 
in  Appendix No. 12, U. S. Coast and Geodetic Survey 
Report for  1873. 

base apparatus: compensating base-line measuring ap- 
paratus.-A base apparatus having a length element 
composed of two metals having different coencients 
o f  thermal expansion, so arranged and connected 
that  the differential expansion of its components will 
maintain a constant length of the element, under 
a l l  temperature conditions of use. 

base apparatus: contact base-line measuring apparatus.- 
A base apparatus composed of bars whose lengths 
a re  defined by the distance between their end faces 
or  points. 

I n  use, the bars are  laid end to end, one bar being 
kept in position while another bar is being moved 
ahead. There are  various mechanical refinements 
connected with the moving of the bars into position, 
bringing the end of the new bar into contact with the 
end of the  bar which is already in position without 
disturbing it. 

base apparatus: contact-slide baseline measuring appara- 
tus.-A modified contmt base-line measuring appa- 
ratus consisting of two steel measuring bars (rods), 
each 4 meters in length, so mounted tha t  contact is 
effected by coincidence of lines on a rod and a con- 
tact-slide. Each rod forms a metallic thermometer 
with two zinc tubes, one ou each side of the bar :  
opposite ends of the bar are fastened to the ends of 
the tubes, the other ends of which are free to move 
with changes of temperature. Described in Appen- 
dix 17, U. 5. Coast and Geodetic Survey Report for 
1880. 
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base apparatus: duplex base-line measuring apparatus.- 

A contact base-line measuring apparatus, composed 
of two disconnected bars, one of brass and the other 
of steel, each 5 meters in length and so arranged 
a s  to indicate the accumulated difference of length 
of the measures from the brass and steel components. 

The duplex base apparatus was designed by Wm. 
Eimbeck of the U. S. Coast and Geodetic Survey. 
It is described in Appendix No. 11, U. S. Coast and  
Geodetic Survey Report for  1897. 

base apparatus: Hassler base-line measuring apparatus.- 
An optical base-line measuring apparatus consist- 
ing of four rectangular iron bars mounted end to  
end in a wooden box. Each bar is 2 meters long, 
the  combined length of the apparatus being 8 me- 
ters. 

Described i n  Transactions of the American Philo- 
sophical Society of Philadelphia, Pennsylvania, new 
series, 1825, Vol. 11, pages 1273-1286. See also Ap- 
pendix No. 21, U. S. Coast and  Geodetic Survey 
Report for 1865. 

base apparatus : iced-bar apparatus.-An apparatus for  
measuring linear distances with great precision and 
accuracy, and consisting essentially of a steel bar  
which is maintained at a constant temperature by 
being surrounded with melting ice. 

The iced-bar apparatus is also called the  Wood- 
ward base apparatus, af ter  its designer, Dr. R. s. 
Woodward (1849-1924), of the U. S. Lake Survey. 
The bar is rectangular in cross-section, and is car- 
ried in a Y-shaped trough which is filled with melt- 
ing ice and mounted on a car which moves on a 
track. Bar  lengths are observed with micrometer 
microscopes, mounted on stable supports. The iced- 
bar apparatus is used in the laboratory in  stand- 
ardizing tapes, and it has  also had some use in es- 
tablishing Jleld comparators. 

base apparatus : optical base-line measuring apparatus.- 
A base apparatus composed of bars whose lengths a re  
defined by distances between lines at or near their 
ends, which are  observed by suitably mounted and  
adjusted microscopes. 

In using any optical base-line measuring appara- 
tus, the positions of the bars a re  controlled by micro- 
scopes on stable supports, whose reticle lines 
may be brought into coincidence with the fiducial 
marks on the  bars, either by adjusting a bar or a 
microscope. 

base apparatus: Repsold base-line measuring apparatus.- 
An optical base-line measuring apparatus, composed 
of a steel bar approximately 4 meters long, whose 
exact length at any temperature is known, and whose 
temperature is determined by means of a metallic 
thermometer composed of the steel measuring bar 
and a similar bar of zinc, the two being fastened to- 
gether at their middle points. Described in Pro- 
fessional Paper No. 24, Engineering Corps, United 
States Army. 

base apparatus: Schott base-line measuring apparatus.- 
A contact, compensating base-line measuring appa- 
ratus composed of three parallel bars, the  middle 
bar  of zinc, the outer bars of steel. One end of each 
steel bar is free ; the other end is fastened to  a n  end 
of the zinc bar, a different end for  each steel bar. 
The lengths of the bars a re  so proportioned with 
respect to their coelflcients of thermal expansion tha t  
a constant distance is maintained between the free 
ends of the steel bars. Described in Appendix No. 7,  
u. S. Coast and Geodetic Survey Report for  1882. 

base apparatus: Woodward base-line measuring appara- 
tus.-See under base apparatus: iced-bar apparatus. 

base line (general).-A surveyed line established with 
more than usual care, t o  which surveys are  re- 
ferred for  coordination and correlation. 

Base lines are  established for specific purposes, the  
more important ones, defined elsewhere, being as 
follows: base Zine (triangulation) ; base line (echo 
sounding) ; base line (United States public-land sur- 
V V C ~ / S )  ; base line (construction). 

base line (United States public-land surveys) .*-A line 
extending east and west along the astronomic 
parallel passing through the initial point, along which 
standard township, section, and quarter-section cor- 
ners are  established. 

As may be inferred from its designation, the base 
line is the line from which is initiated the survey 
of the meridional township boundaries and section 
lines. Auxiliary governing lines, known as standard 
parallels or correction lines, a r e  established along 
the astronomic parallel usually at intervals of 24 
miles north or south of the base line. I n  some of 
the very early surveys the base line is referred to  
as  the “basis parallel.” 

base line: construction.-The center line of location of 
a railway or highway ; often termed the “base line of 
location.” A reference line for the construction of 
a bridge or other structure. 

base line: triangulation.-The side of one of a series 
of connected triangles, the length of which is meas- 
ured with prescribed accuracy and precision, and 
from which the lengths of the other triangle sides 
a re  obtained by computation. 

Base lines in triangulation are classified according 
to the character of the work they are  intended to 
control, and the instruments and  methods used in  
their measurement are  such tha t  prescribed probable 
errors for each class are  not exceeded. These prob- 
able errors, expressed in terms of the lengths, a re  
as follows : first-order base line, 1/1,000,000 ; second- 
order base line, 1/500,000 ; third-order base line, 
1/250,000. 

base map.-See under map. 
base tape.-A tape or band of metal or alloy, 80 de- 

signed and graduated and of such excellent work- 
manship t h a t  it is suitable for measuring the lengths 
of lines (base lines) for controlling triangulation, 
and for measuring the lengths of first- and second- 
order traverse lines. 

In use, a base tape is subject to  certain physical 
conditions which influence its effective length, and  
which must be taken into account in computing the 
length of a measured base line. These conditions 
include tension, temperature, method of support, 
sag, grade, alignment, and standardization length. 
See tape corrections. At one time, base tapes were 
made of steel, a metal having a high coeflicient of 
thermal expansion. They are  now made of invar, 
nilvar, o r  some other alloy having a very small 
coefticient of thermal expansion. See invar. 

basic control.-See under control. 
bathygraphic.*-Descriptive of ocean depths. 
bathymeter.*-An instrument used for determining 

There a re  a 

bathymetric.*-Relating to  the  measurement of ocean 

bathymetric chart.-See under chart. 
bathymetry.*-The art or science of determining ocean 

bearing: grid.-The angle in the plane of the  projection 

ocean depths. 
Any deep-sea sounding apparatus. 

number of designs of such instruments. 

depths. 

depths. 

between a line and a north-south grid line. 
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bearing: t r n e T h e  horizontal angle between the me- 
rldian line and a line on the earth. 

The term true bearing is used in many of the 
early descriptions of land boundaries in this coun- 
try. It is associated with true north, referring to 
the direction of the north point as determined by 
astronomical observations. For future use, if a n  
astronomically determined bearing is used, the term 
astronomic bearing is  preferred over t rue bearing. 

bearing of line (plane surveying) .-The horizontal angle 
which a line makes with the meridian of reference 
adjacent to the quadrant in which the line lies. 
Bearings a re  classified according to  the meridian 
used as true beUt%gS, magnetic bearings, grld bear- 
ings. 

A bearing is identifled by naming the end of the 
meridian (north or  south) from which it is reckoned 
and the direction (east o r  west) of tha t  reckoning. 
Thus, a line in the northeast quadrant making a n  
angle of 50’ with the meridian will have a bearing 
of N. 50’ E. I n  most survey work, it is preferable 
to use admUth8 rather than bearings. 

bearing tree (United States public-land surveys) .*-A tree 
forming a corner accessory, its distance and direction 
from the corner being known. 

Bearing trees a re  identifled by prescribed marks 
Cut into their t runks;  the species and sizes of the 
trees are  also recorded. 

bed (mining).-A stratum in the earth’s crust which 
hns been formed in an approximately horizontal 
layer. If of rock, it is termed bedrock. 

bed of stream.-The area within the high-water lines 
of a stream or  river. 

It is the area which is kept practically bare of 
vegetation by the wash of the waters of the stream 
from year to year. 

bedrock.-A stratum of rock in  the earth’s crust which 
has been formed in a n  approximately horizontal 
position. 

Large, deeply embedded boulders, with upper sur- 
faces planed and leveled through exposure, a re  some- 
times erroneously reported as bedrock in descriptive 
writing. 

bench mark.-A relatively permanent material object, 
natural  or artiflcial, bearing a marked point whose 
ezevation above or below a n  adopted datum is known. 

Usually designated as  a B. M., such a mark is 
sometimes further qualified a s  a I?. B. M. (permanent 
bench mark)  t o  distinguish i t  from a T. B. M. (tem- 
porary bench mark) ,  or supplementary bench mark, a 
mark of less permanent character intended to serve 
for  only a comparatively short period of time. 

bench mark: first-order.-A bench mark connected to 
the datum (usually mean sea level) by continuous 
first-order leveling. 

bench mark: junction-A bench mark selected as the 
common meeting point for lines of levels or links of 
levels. 

bench mark: permanent.-A bench mark of as nearly 
permanent character as  it is practicable to establish. 

Usually designated simply a s  a bench mark or 
B. M., a permanent bench mark is intended to  main- 
tain its elevation with reference to a n  adopted 
datum without change over a long period of time. 
Concrete or stone posts, with suitable marks in  their 
tops, such as inscribed disks, are  used. Such a mark 
is set in  firm ground, deep enough to be free from 
frost action, and in  a location where disturbing 
influences a re  believed to be negligible. 

bench mark: second-order.-A bench mark connected to 
the datum (usually mean sea level) by continuous 
second-order leveling or by a continuous combina- 
tion of prst-order leveling and second-order Zeveling. 
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bench mark: supplementary.-A bench mark at a junc- 
tion of sections of a line of levels, at which no per- 
manent bench mark is established. 

A supplementary bench mark may be classed as a 
temporary bench mark, established to hold the end 
of a completed section of a line of levels and serve 
as an initial from which the next section is run. 
Spikes and screws in poles, bolts on bridges, and 
chisel marks on masonry a re  used for the purpose 
and may last for years. 

bench mark: tidal.-A bench mark set to reference a tide 
staff at a tidal station and the elevation of which 
is determined with relation to the local tidal datum. 

Bilby steel tower.-A triangulatton tower consisting of 
two steel tripods, one within the other, designed by 
J. S. Bilby of the U. S. Coast and Geodetic Survey. 

The Bilby ste% tower was put into use in 1927 and 
is standard equipment in triangulation executed by 
the U. S. Coast and Geodetic Survey. The Bilby 
steel tower is demountable ; it is easily erected, and 
as easily taken down and moved to  a new location. 
Some of these towers have each been used at more 
than one hundred difPerent stations. 

blaze (United States public-land surveys) .*-A mark 
made upon a tree trunk a t  about breast height, in 
which a flat scar is left upon the tree surface. 

blunder.-A mistake. 
A blunder is not an error, though a small blunder 

may remain undetected in a series of observations 
and have the effect of a n  error in determining a 
result. Examples of blunders are  : reading a hori- 
zontal circle wrong by an even degree ; neglecting to 
record a tape length in a measured traverse ; revers- 
ing the numerals in recording a n  observation ; etc. 

Bonne map projection.-See under map projection. 
Borda scale.-A metallic thermometer composed of two 

metals having different coe.@icients of thermal expan- 
sion. 

The Borda scale was devised by the French scien- 
tist, Jean Charles Borda (1733-1799), who placed a 
strip of copper on a strip of platinum, fastened the 
two together at one end, and by measuring the rela- 
tive movement of their free ends, determined their 
temperature. He used this means for determining 
the temperature of bars used in  measuring the length 
of a geodetic base line. Later, Bessel used a combi- 
nation of zinc and iron for the same purpose. 

Boston leveling rod.-See under leveling rod. 
Bousuer anomaly.-See under anomaly. 
boulder.-A large rounded rock which has been sepa- 

rated from the mass of which it was originally a part. 
Deeply embedded boulders may show a n  exposed 

surface which through weathering has the appear- 
ance of bedrock. 

boundary: land.-A line of demarcation between adjoin- 
ing parcels of land. 

The parcels of land may be of the same or  of dif- 
ferent ownership, but distinguished a t  some time in 
the  history of their descent by separate legal clescrip- 
tions. A land boundary may be marked on the 
ground by material monuments placed primarily for 
the purpose; by fences, hedges, ditches, roads, and 
other service structures along the line ; or defined by 
astronomically described points and lines ; by coordi- 
nates on a survey system whose position on the 
ground is witnessed by material monuments which 
a r e  established without reference to the boundary 
line ; and by various other methods. 

boundary line.-A line along which two areas meet. 
I n  specific cases, the word “boundary” is some- 

times omitted, as in “State line” ; and sometimes the 
word “line” is omitted, as  in “International bonnd- 
ary,’’ “county boundary,” etc. The term “boundary 
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line” is usually applied to boundaries between politi- 
cal territories, as “State boundary line,” between 
two States. A boundary line between privately 
owned parcels of land is termed a property line by 
preference, o r  if a line of the U. S. public-land sur- 
veys, is given the particular designation of t h a t  
survey system, as section line, tOWn8hip line, etc. 

boundary map.-A map constructed for the purpose of 
delineating a boundary line and adjacent territory. 

boundary monument.-A material object placed on or 
near a boundary line to preserve and identify t h e  
location of the boundary line on the ground. 

Where it is  impracticable to establish a monument 
on or very close to a boundary line, the position of 
the boundary line on the ground is preserved by 
means of reference marks. The term monument is 
sometimes used to include both the mark on the 
boundary line and the reference mark. See also 
monument (U. 8. public-land surveys). 

boundary survey.-A survey made to establish or  to re- 
establish a boundary line on the ground, or to obtain 
data for constructing a map or plat showing a 
boundary line. 

The term boundary survey is usually restricted to  
surveys of boundary lines between political terri- 
tories. For the survey of a boundary line between 
privately owned parcels of land, the term land sur- 
vey  is  preferred, except tha t  in surveys of the pub- 
lic lands of the United States, cadastral survey is 
used. 

boundary vista.-A lane cleared along a boundary Wne 
passing through a wooded area. 

A boundary vista is used for readily identifying 
a boundary line, and aiding in civil administration 
relating thereto. 

Bowie effect (gravity).-The indirect effect on gravity 
due to the warping of the geoid, or the elevation 
of the geoid with respect to the spheroid of reference. 

Also known a s  the Bruns term, the Bowie effect 
was discussed by Stokes, Bruns, Clarke, Helmert, and  
others, but it was under the direction of Bowie that  a 
practical means was provided for computing its 
value for a given station. The correction for the 
Bowie effect is applied to the theoretical value of 
gravity, with the sign reversed. Values of the Bowie 
effect are  tabulated in the fundamental tables: de- 
formation of the geoid and i ts  effect on gravity. 
The symbol bag has  been used to  represent the 
Bomie effect. 

Bowie Method (of adjustment).-A method devised in 
the U. S. Coast and Geodetic Survey under the di- 
rection of William Bowie for the adjustment of large 
networks of triangulation. 

A description of the method is given in Special 
Publication No. 159, The Bowie Method of Triangu- 
lation Adjustment. 

break-circuit chronometer.-See under chronometer. 
broken grade (tape).-The change in grade when the  

middle point of a tape is not on grade with its ends. 
If the middle support for the tape is not on the 

same grade a s  the end supports, the f a c t  is noted 
with a reference “broken grade at -,” naming the 
particular tape length which contains the broken 
grade. 

broken-telescope transit.-See under transit. 
bronze pendulum.-See under pendulum. 
Brown gravity apparatus.-An apparatus for  measuring 

the acceleration of gravity which utilizes the Men- 
denhall pendulum, but has a clamping device for 
holding the pendulum in  the receiver when being 
transported from station to station, and which uti- 
lizes an electrical pick-up and amplifying device for 
recording the oscillations (pendulum) on the chrono- 
graph sheet. 

The clamping device makes it unnecessary to re- 
move the pendulum from the receiver, and thus 
avoids the necessity of breaking the vacuum seal 
each time a move is made. The recording of the 
pendulum oscillations on the chronograph sheet per- 
mits a direct time comparison of those oscillations 
with the radio time signals. One improvement of 
the Brown gravity apparatus over the Mendenhall 
gravity apparatus relates to the supporting of the 
receiver by leveling screws placed near the top of 
the receiver, making the f l e w r e  (pendulum sup- 
port)  less than in the earlier type of apparatus which 
had the levelihg screws a t  the bottom of the  receiver, 
and thus much further from the point of support of 
the pendulum. 

Another improvement was the use of a cast alu- 
minum chamber in which the receiver was hung as 
indicated above, and which was set  directly in a mass 
of plaster of Paris placed a t  the bottom of a hole dug 
in the ground, and constituted a satisfactory stable 
support which was made ready more quickly than a 
concrete pier. 

A third improvement over the old order consisted 
of the permanent installation in  trucks of a gre4ter 
portion of the electric wiring and auxiliary equip- 
ment. These improvements considerably reduced 
the time required by the earlier methods and appa- 
ratus for the determination of the acceleration of 
gravity. It was named for its designer, E. J. Brown 
of the U. S. Coast and Geodetic Survey, and  was first 
used in the field in 1932. 

bubble sextant.-See under sestant. 
Bullard method of isostatic reduction.-See under Hay- 

ford-Bullard (or Bullard) method of isostatic re- 
duction. 

bulls-eye level.-See under level: circular. 
bus and truck map.-See under map. 

C 
cadastral control (United States public-land surveys) - 

Lines established and marked on the ground by suit- 
able monuments, which are  used a s  starting and 
closing points in surveys of the public domain of 
the United States. 

The fundamental control of the  public-land sur- 
veys of the United States consists of base lines, 
standard parallels (correctgon lines), principal me- 
ridians, and guide meridians. 

cadastral m a p . 4 e e  under map. 
cadastral survey.-See under suwey.  

Calendar: Gregorian.-The calendar established by Pope 
Gregory XI11 in 1542 A. D., to correct the Julian 
Calendar by introducing the more precise value of 
the length of the tropical year, 365 days 6 hours 
48 minutes 46.0 seconds mean solar time. 

The Gregorian Calendar modified the requirement 
of the Julian Ualendar that  every fourth year be 
given a n  additional day by providing tha t ,  for cen- 
turial years. this would be done only where such 
years were divisible by 400. The calendar was 
brought into harmony with the seasons as they were 
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ct t h e  time of t h e  Council of Nice (A. D. 325) by 
dropping 10 days at the time of its becoming effective : 
October 4, 1582, being followed immediately by Oc- 
tober 15. 

Calendar : Ju1ian.-The calendar devised by Julius 
Caesar in 45 B. C., and based upon the assumption 
t h a t  the  t rue length of the  tropical year was exactly 
365% mean solar days. 

The Julian Calendar provided t h a t  the  % day 
be absorbed by giving every fourth year one addi- 
tional d a y ;  it made the year begin on January 1, 
a provision t h a t  was not universally followed even 
where other provisions of the calendar were fol- 
lowed ; it was effective for  the year 44 B. C., which 
was known as the “Year of Confusion” because, in 
order to  bring the calendar into harmony with the 
seasons, two additional months were intercalated 
between November and December, giving it 14 months 
with a total of 445 days. See Calendar: Gregorlan; 
double dating. 

See Calendar: JuMan; double dating. 

calendar month.-See under month. 
calendar year.-See under year. 
calibration.--The determination, in terms of an adopted 

unit and by mechanical interpolation based on values 
obtained by StUndUrdiZUtiOn, of the supplementary 
marks on a measuring instrument or device. Also 
the determination of the values of the diV(SiOn8 of 
a circle as proportional parts of a circumference. 

When the  length of a tape has been determined 
by standardization, the value of its intermediate 
marks may be determined by calibration, it being 
assumed tha t  the  tape has been divided into parts 
which a r e  directly proportional to its length. See 
standardization. 

Camp Colonna datum.-See under datum. 
cardinal.*-The astronomical dfrections on the surface 

of the ear th  : north, south, east, west. 
The term cardinal, without qualification, is some- 

times used to indicate any or all of the above direc- 
tions, the  context giving exact meaning to i t s  use. 

Cassini map projection.-See under map projection. 
catenary correction, tape-See under tape: Sag or 

celestial equator.-See under equator. 
celestial latitude.-See under latitude. 
celestial longitude.-See under longitude. 
celestial meridian.-See under meridian. 
celestial refraction.-See under refraction.’ astronomical 

refraction. 
celestial sphere.-A sphere of indefinitely large (infinite) 

radius, described around a n  assumed center, and 
upon which positions of celestial bodies are  projected 
along radii passing through the bodies. 

I n  surveying operations which include observa- 
tions on a celestial body, the direction but not the 
distance of the celestial body from the point of 
observation is  important. For  observations on bod- 
ies within the limits of the solar system, the center 
of the celestial sphere is taken a s  coinciding with 
the center of the earth. For bodies outside those 
limits, the  annual paralla@ is negligible in surveying 
operations, and the center of the celestial sphere 
may be taken as coinciding with the point of obser- 
va t  ion. 

Celsius scale.-A temperature scale in which looo marks 
the freezing point and 0” the  boiling point of water 
at 760 mm. barometric pressure. 

The Celsius scale is the predecessor of and is equal 
to the  cmtigrade scale inverted. Some use has 
been made of Celsius scale as synonomous with 
centigrade acale. 

catenary correction. 
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center: reduction to.-The amount which must be ap- 
plied to  a direction observed a t  a n  eccentrgc statton 
or to a n  eccentric signal, to reduce such direction to 
what it would be if there were no such eccentricity. 

The computation of the reduction to center is quite 
similar for t h e  two cases, the same computation 
form being adapted for the correction to a dtrectbn 
observed a t  a n  eccentrlc station as to  a direction to  
a n  eccentric signal. 

center line (United States public-land surveys) .*-The 
line connecting opposite quarter-section corners, or 
opposite sixteenth-section corners. 

center of instrument.-The point on the vertical axis of 
rotation of a n  instrument a t  the same elevation a s  
the a d s  of collimation when that  axis is in a hori- 
zontal position. 

In a transit or theodolite, it is close to or at the 
intersection of the horizontal and vertical axes of 
the instrument. 

center of oscillation (pendulum).-The position in a 
compound pendulum of the particle which corre- 
sponds to  the heavy particle of a n  equivalent stmple 
pendulum. 

The centers of  suspension and oscillation are inter- 
changeable. If the center of oscillation is made the 
center o f  suspension, the former center of  suspenston 
becomes the new center of oscillation. This prin- 
ciple is  the basis of design of compound revers4ble 
pendulums. 

center of suspension (pendulum) .-The fixed point about 
which a pendulum oscillates. See center of  osdlla- 
tion. 

center of transit or level.-A manufacturer’s term for 
the spindle or spindles which are in a vertical posi- 
tion when the instrument is  in use, and about which 
the instrument, or par t  of the instrument, rotates. 

The engineer’s transit has two such centers; a n  
inner center to  which the alidade is attached, and a n  
outer center to which the horizontal circle is at- 
tached ; i t  is hollow and rotates on the inner center. 
The rotation of the alidade irJ spoken of a s  the upper 
motion, and the rotation of the horizontal circle as 
the lower motion of the instrument. 

centigrade scale.-A temperature scale in wnich O o  
marks the  freezing point and looo the boiling point 
of water a t  760 mm. barometric pressure. See 
Celsius scale. 

central meridian (State plane-coordinate system).-See 
under merldian. 

centrifugal force.-The force with which a body moving 
under constraint along a curved path, reacts to  the 
constraint. 

Centrifugal force acts  in  a direction away from 
the center of curvature of the path of the moving 
body. As a force caused by the rotation of the ear th  
on its axis, centrifugal force is opposed to gravita- 
tion, and combines with i t  to  form gravity. 

E. g. 8. system.-The system of physical measurements 
in which the fundamental units of length, mass, and 
time a r e  the centimeter, the gram, and the mean 
solar second. 

chain.-The unit of length prescribed by law for the 
survey of the public lands of the United States. The 
chain is equivalent to 66 feet. 

The chain derives i ts  name from the Gunter’s 
chain, which had the form of a series of links con- 
nected together by rings, a form which has been 
superseded by metal tapes or ribbons graduated in 
chains and links. The General Land O5ce uses 
steel tapes of 1, 2, 5, or 8 chains length. 
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chain: Gunter’s.-A measuring device used in  land sur- 

veying, composed of 100 metal links fastened together 
with rings, the length of the chain being 66 feet. 

It was invented by a n  English astronomer, Edmund 
Gunter, about 1620, and is the basis for  the chailt 
and link, units o f  length used in the survey of the  
public lands of the United States. An advantage 
in measuring in  chains is t h a t  10 square ChUh8 
equals 1 acre. 

chaining.-The operation of measuring a distance on 
the earth, using a chain or tape. 

While the chain as a n  instrument used in making 
land and other surveys has  been superseded by the 
metal tape, the term chaining has  continued in use 
where reference is to surveys of the public lands of  
the United States. For the corresponding operation 
in other surveys, the term taping is preferred. In 
chaining, the men who mark the tape ends are 
termed chainmen. 

chainmen.-The men who mark the tape ends in 
chaining. 

chambered spirit level.-See under level. 
chart.*-A special-purpose map designed for  purposes 

of navigation. 
The term chart  is applied chiefly to maps made 

primarily for  nautical and aeronautical navigation, 
and to maps of the heavens, although the term is 
sometimes used to  describe other special-purpose 
maps. 

chart: aeronautical.*-A chart designed for  use i n  navi- 
gation through the air above laud or water. 

An aeronautical char t  shows aids and  hazards to  
navigation. I n  the past, a n  aeronautical chart has  
been variously designated as a n  aerial navigation 
map, air navigation map, aerial map, aviation map, 
aviation chart, ahd air navigation chart. The use of 
these terms is disapproved. 

chart: air navigation.-See under chart: aeronautical 
chart. 

chart: aviation.-See under chart: aeronautical chart. 
chart: bathymetric.*-A topographic map of the bed 

of the ocean. 
As now published, bathymetric charts show depth 

curves, with areas between curves given significant 
color tints. Bathymetric charts a re  designed espe- 
cially for geophysical (oceanographic) studies, but  
may also be used for navigation purposes. 

chart: magnetic..-A special-purpose ma?, depicting t h e  
distribution of one of the magnetic elements, as by 
isogonic lines, or of its secular change. 

chart: nautical.*-A chart designed for use in  naviga- 
tion in  water areas. 

A nautical char t  shows aids and  hazards to navi- 
gation. 

chromatic aberration.-See under aberration of light 
(opt ics) .  

chronograph.-An instrument for  producing a graphical 
record of time as shown by a clock or other device. 

I n  use, a chronograph produces a dokble record: 
the first is made by the associated clock and forms 
a continuous time scale with significant marks indi- 
cating periodic beats of the time keeper ; the  second 
is made by some external agency, human or me- 
chanical, and  records the occurrence of a n  event 
or of a series of events. The clock times of such 
occurrences are read on the time scale made by the  
clock. In observations for  time and longitude, the  
clock times of star observations are recorded on the  
chronograph either manually by pressing a key at the  
instant  a s t a r  is bisected by a line of the reticle 
of the telescope used in  the  observing, or automati- 

See taping. 

cally, by keeping a star bisected by a movable wire 
as it travels across the field of view. See microme- 
ter: transit. In longitude work, the chronograph 
also records the time signals received from the sta- 
tion of known longitude which is used as a base. 

chronometer.-A portable timekeeper with compensated 
balance, capable of showing time with extreme p r e  
cision and accuracy. 

Chronometers a r e  used i n  scientific and engineer- 
ing work (astronomy, navigation, geophysics, etc.) 
where accuracy and precision in  the  timing of obser- 
vations a re  demanded. Chronometers a r e  usually 
constructed with a special type of balance and escape- 
ment, and beat to  half seconds. 

chronometer : break-circuit.-A chronometer equipped 
with a device which automatically breaks an electric 
circuit, the  breaks being recorded on a chronograph. 

I n  some chronometers, the  tweaks occur every 
other second, on the even seconds, and a break occurs 
also on the 5fty-ninth second to  identify the begin- 
ning of the minute;  in other chronometers, breaks 
occur every second except at the  beginning of the  
minute. By recording the occurrence of events (such 
as s tar  transits) on a chronograph sheet along with 
the chronometer breaks, the chronometer times of 
those occurrences a re  obtained. 

chronometer: hack.-A chronometer used for visual 
reference, and not usually for record purposes. 

In  astronomical and other work, where a time re- 
cording on a chronograph is made, the chronometer 
controlling the recording is placed in a position as 
free from disturbance as possible. For use in meeting 
the schedule of t h e  observations, making the neces- 
sary settings of instruments, etc., another chronom- 
eter, called a hack, is kept in  a position whe:e it 
may be easily observed. 

chronometric method of determining longitude.-See under 
longitude: astronomic longitude. 

circle of equal altitude.-See under almucantur. 
circle of position.-A small circle on the globe (ear th)  

at every point of which, at the instant of observa- 
tion, the observed celestial body (sun, s ta r ,  planet) 
has  the same altitude and therefore the same zenith 
distance. 

At the instant of observation the observed body is 
i n  the zenith of the center of the  circle of position, 
and the point of observation is somewhere on t h a t  
circle. A second observation on the same object at a 
different time or on a different object at  the same 
time will determine a second and  different circle of 
position, and if the  point of observation has  not been 
moved, it mill be at a n  intersection of these circles. 
If the point of observation has moved, as may occur 
when on a moving ship, allowance is made for the di- 
rection and amount of the movement, a n d  a position 
obtained for  either point of observation. In naviga- 
tion, a short portion of a circle of position is plotted 
as a straight line and termed a Bumner line or line 
o f  position. 

circuit (leveling).-A continuous line of ZeveZs, a series 
of lines of levels, or a combination of lines or par ts  
of lines of levels, such tha t  a continuous series of 
measured differences of elevation extends around the 
circuit or loop and  back to  the s tar t ing point. 

circuit closure (leveling).-The amount by which the  
algebraic sum of the measured differences of eleva- 
tion around a circuit fails to equal the theoretical 
closure, zero. 

circular level.-See under level. 
cistern barometer.-See under barometer. 
civil day.-See under day. 

559-993 0 - 74 - 2 
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civil time.-See under time. 
clamping error.-See under error. 
Clarke spheroid of 1866,See under spheroid. 
clinometer.-A hand instrument consisting of a tube 

with cross-hair, with werticul circle and attached 
spirit level so mounted t h a t  the inclination of the line 
of sight can be read on the circle by centering the 
level bubble at the  instant  of observation. 

By means of a prism, the level bubble is viewed 
when looking through the observing tube at the 
cross-hair and object observed. 

clock correction.-The quantity which is added alge- 
braically to  the time shown by a eloek to obtain the 
time of a given meridian. 

If the  clock is slow, the  correction is positive; 
if fas t ,  negative. 

clock rate.-The rate of change of a clock. correction. 
Clock ra te  is usually expressed a s  tbe  increase or 

decrease of the clock correction per day, hour, or 
minute as shown on the clock face. It is called the 
daily or hourly rate, or ra te  per minute. If  the 
clock correction is decreasing algebraically, the clock 
is gaining, and  the rate  is negative ; if the  correction 
is increasing, the  clock is losing, and the ra te  is 
positive. 

closing corner (United. States public-land surveys) .-See 
under corner. 

closing error.-See under error of closure. 
closing horizon.-See under horizon. 
closure (leveling) .-See dreuit closure (leveling). 
closure of horizon.-See under error of closure Of 

closure of traverse.-See under error of closure, traverse. 
closure of triangle.-See under error  of  clasure 01 

triangle. 
eo-declination.-The complement of the  declination 

(astronomic), or 90” minus the  declination. Also 
called the polar distance. 

horizon. 

coefficient of refraction.-See under refraction. 
coefficient of thermal expansion ; coefficient of expansion.- 

The relative change (expansion or contraction) in 
a linear dimension of a material body corresponding 
to  a change of 1” in the temperature of the body, 
expressed as a ratio. 

The coellicient of expansion, as it is generally 
called, may be in  terms of the Centigrade, Fahren- 
heit, or  other thermometer scale. To a very great 
extent, its magnitude is peculiar to the material : a 
steel tape has  a coefficient of expansion about 25 
times as great  as t h a t  of a n  inwar tape. It is usually 
expressed as a decimal fraction, and in  a measure of 
distance, as of a base line, enters as a correction 
which is a product of the coefficient of expansion 
of the length apparatus, the distance measured, and  
the difference between the temperature at which the  
measure was made and the temperature at which 
the length of the apparatus is known. 

coincidence (pendulum) .-An exact agreement in occur- 
rence of a prescribed phase of a free-swinging pcndu- 
lum beat and  a prescribed phase of a clock or 
chronometer beat. 

The free-swinging pendulum being either slightly 
longer o r  slightly shorter than the clock pendulum, 
vibrates at a different speed from the clock pendulum, 
and loses or gains a whole beat between coincidences. 
The elapsed time between coincidences as shown by 
t h e  clock or chronometer, enables an observer t o  
know the number of vibrations made by the f r e e  
ewinging pendulum during t h a t  time, and  thus the  
number made during a period between precise time 
determinations. 

In the gravity work of the U. S. Coast and Oeo- 
detic Survey, coincidences are observed by noting 

when two lines of light come into exact agreement : 
one is a moving line reflected by a mirror attached 
t o  the head of a free-swinging pendulum; the other, 
a flxed line of light reflected from a mirror attached 
to the pendulum support and becoming visible each 
second through a shutter controlled by the chro- 
nometer. 

coincidence method (pendulom) .-The determination of 
the period of a free-swinging pendulum by observing 
the time interval between coincidences with a clock 
pendulum or chronometer beat. 

colatitude.-The complement of the  latitude, or  90’ 
minus the latitude. 

Colatitude forms one side, zenith to  pole, of the 
aetronomica2 triangle. It is opposite the celestial 
body. 

collimation.-The a c t  of making a collimation adjust- 
ment. 

This use of the term collimation may lead t o  con- 
fusion, which would be avoided by employing a more 
extended expression. 

collimation: error of.-The angle between the line of  
collimation (line of  sight) of a telescope and  i t s  
collimation axis. 

When the collimation adjustment of a n  instrument 
is perfect (which is never the case), the  line of colli- 
mation and the collimation axis will coincide, and 
the error of collimation will be zero. In practical 
work, the adjustment is carried to  where the error 
is so small tha t  it may be considered negligible in 
many classes of work;  or  in precise work, after the 
adjustment is made, the residual error is either de- 
termined by observation and applied as a correction, 
or is eliminated from the result by a suitable pro- 
gram of observing. Error of collimation is a system- 
atic error, and in a series of observations is usually 
treated as being of the constant e r r o r  type. 

collimation: line of.-The line through the second nodal 
point of the objective (object glass) of a telescope 
and the  center of the reticle. It is variously called 
the line of sight, sight line, pointing line, and aim- 
ing line of the instrument. 

The center of the reticle of the telescope of a 
transit may be defined by the intersection of cross- 
hairs or by the middle point of a fixed vertical wire 
or of a micrometer wire in its mean position. In  a 
leveling instrument, the center of the reticle may 
be the middle point of a flxed horizontal wire. 

collimation adjustment.-The prncess of bringing the 
Zinc of collimation of a telescope into close agreement 
with the  collimation wts. Also called adjustment 
for collimation. 

collimation axis.-The line through the second nodar 
point of the objective (object glass) perpendicular 
to  the axis of rotation of the telescope. 

In a surveyor’s transit, the collimation axis is per- 
pendicular to  the horizontal axis of the telescope. In 
a leveling instrument it is perpendicular to the ver- 
tical axis of the  instrument. When the telescope 
of a transit is rotated about its horizontal axis, the 
collimation axis describes a plane, called the colli- 
mation plane. 

collimation plane.-The plane described by the collima- 
tion a5is of a telescope of a transit when rotated 
around its horizontal axis. 

collimation position.-A term deflned in Manual of En- 
gineering Practice No. 15, A. 8. C. E., as follows : 
“The ideal position of the line of sight of a telescope ; 
that  is, the optical axis. See, also, Line of Sight.” 
The ideal position of the line of sight is known as the 
collimation axis. The term collimation position as 
deflned by the A. S. C. E. seems unnecessary, and 
its definition appears contradictory. 
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collimator.-A device consisting of a convergent 

achromatic lens with a mark placed in the plane of 
its principal focus, so tha t  rays  from the mark 
through the lens emerge along parallel lines. 

The mark in a collimator may be viewed from very 
short distances as if it were a t  a n  infinite distance, 
and may therefore be used in place of a distant mark 
when making any adjustment of the line of sight 
(line o f  collimation) of a n  instrument. I n  adjust- 
ing a surveying instrument, the telescope of another 
surveying instrument may be used as  a collimator, 
the reticle furnishing the mark;  or the  telescope 
of a discarded instrument may be placed on a spe- 
cial mounting to  form a permanent installation. In 
some astronomical instruments, a vessel of mercury, 
placed directly under the instrument, is used as a 
collimator. A prismatic eyepiece used with such 
a n  instrument is sometimes called a collimating eye- 
piece. 

A collimator may also be constructed of special 
design for a particular purpose: see collimator: 
vertical. 

collimator: vertical.-A telescope so mounted tha t  its 
collimation a d s  may be made to  coincide with the  
vertical (or  direction of the plumb line). 

The vertical collimator serves as a n  optical plumb 
line, and may be designed for  use in  placing a mark 
on the ground directly under a n  instrument on a 
high tower ; or in centering a n  instrument on a high 
tower directly over a mark on the ground. 

colore: equinoctial.-The hour circle through the 
equinoxes. 

colure : solstitial.-The hour circle through the  solstices. 
co1ures.-The hour circles through the equinooes and 

the solstices. See colure: equinoctial; colure: 801- 

comb (micrometer).-A notched scale placed at right 
angles to the movable wire of a micrometer, and so 
designed tha t  one turn  of the micrometer screw will 
move the micrometer wire across one notch of the 
comb ; the central notch of the comb in conjunction 
with the zero of the  micrometer head furnishes a 
fiducial point from which all micrometer readings 
a r e  reckoned. 

The comb is used for keeping count of whole turns  
of the micrometer screw, par ts  of turns  being read 
on the graduated micrometer head. 

StitiUl. 

Committee Meter.-See under meter. 
comparator.-An instrument or apparatus for measur- 

ing a dimension in terms of a standard. 
I n  plane and geodetic surveying, a comparator 

may be an instrument for  comparing standards of 
length; for subdividing such standards; or for  deter- 
mining a standard length of a measuring device (bar, 
tape, etc.). A field comparator or comparator base 
is a short line whose length is measured with accu- 
racy and precision, and used to  check the lengths of 
apparatus (tapes) used in the actual  field operations. 

There a re  special types of comparators used in  
astronomic and  photogrammetric work, and in vari- 
ous kinds of laboratory work. 

Comparator: 5eld.-See under comparator. 
comparator base.-See under comparator. 
compass: prismatic.-A small magnetic compass held in 

the hand when in use, and equipped with peep sights 
and glass prism so arranged tha t  the  magnetic bear- 
ing or azimuth of a line can be read at the  same time 
tha t  the line is sighted over. 

mmpass: solar.-A surveying instrument which effects 
the instantaneous mechanical solution of the astro- 
nomical triangle (sun-zenith-pole), and  permits the 

establishment and surveying of the astronomic merid- 
ian or  astronomic parallel directly by observation. 

Originally invented and used for the establishment 
of astronomic meridians and parallels i n  the Survey 
of the public lands o f  the United States, the solar 
compass has  been replaced by the  solar attachment 
in combination with a transit, or by the solar transit. 

compass: sun.-A navigation instrument for determin- 
ing the  direction of the astronomic meridian mechan- 
ically and  instantaneously from a n  observation on 
the sun. 

A good example of a sun compass is the  one de- 
signed by A. H. Bnmstead of the  National Geo- 
graphic Society and used by R. E. Byrd i n  aeronauti- 
cal navigation in the polar regions. It consists of a 
mean-time clock with a 24-hour dial, a n  hour hand 
with a shadow pin at one end, a n d  graduated circles 
for latitude and azimuth setting. In use, the clock 
is set  for  latitude so tha t  the plane of its face is 
parallel to the plane of the equator, the hour hand ( i t  
has  only the one hand) is set  to show local time, and 
the whole is oriented till the  pin on the heur hand 
casts a shadow down the middle of the hand. In 
this position, the lubber line will be i n  the local 
meridian. The term sun compass is preferred for 
the navigation instrument, to distinguish it from 
the solar Compass, a surveying instrument which 
at ta ins  a similar result. 

compass: surveyor’s.-An instrument for determining the 
magnetic azimuth of a line of sight by means of a 
sighting device, a graduated horizontal circle, and 
a pivoted magnetic needle. 

The surveyor’s compass used on the early land sur- 
veys in this country employed a pair of peep sights 
to define the line of sight, and was usually mounted 
on a single leg, called a Jacob’s s tag.  This instru- 
ment has been completely displaced by the  surveyor’s 
transit, and the solar transit. 

compass rule, balancing survey.-See under balancing 
a survey. 

compensated geoid.-See under geoid. 
compensating base-line measuring apparatu.-See under 

compiled map.-See under map. 
complement of angle.-See under angle. 
composite map.-See under map. 
compound pendulum.-See under pendulum. 
compression (of the earth).-See under flattening of the 

concluded angle.-See under angle. 
condition equation.-See under equation. 
conformal (isometric) latitude.-See under latitude. 
conformal map projection.-See under map projection. 
conforma1ity.-The unique property of conformal map 

projections, in which al l  small or elementary figures 
on the surface of a sphere retain their original forms 
(shapes) on the map. 

base apparatus. 

earth. 

conic map projection.-See under map pro jectfon. 
constant: level.-The amount by which the actual line 

01 Sight through a leveling instrument (when the 
bubble is centered in  its vial) departs from the truly 
horizontal line through the center of the instrument, 
computed in  millimeters per millimeter of stadia 
interval. 

In case leveling rods graduated in yards instead 
of meters a re  used, the level constant, C, would be 
expressed in  milliyards per milliyard of stadia 
interval. 

constant: stadia (leveling).-The constant which is mul- 
tiplied by the stadia interval to obtain the  length of 
a sight in  meters. Also the constant by means of 
which the sum of the stadia intervals for all sights 
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of a running is converted to the length of the run- 
ning in kilometers. 

I n  case yard rods are in use, the resulting lengths 
will be in yards and kiloyards. 

constant error.-See under error. 
constant of gravitation.-See under gravitation. 
contact base-line measuring apparatus.-See under base 

apparatus. 
contact correction, transit micrometer.-A quantity ap- 

plied to the chronograph record of a s tar  transit 
observed with the aid of a transit micrometer to 
allow for the time required for the contact spring 
to  cross one-half of the width of a contact strip 
ln the  head of the micrometer. 

In order to insure a satisfactory record, the con- 
tact  strips are  given appreciable width, and a s  the 
micrometer wire travels from different sides of the 
instrument for upper and lower culmination stars, 
and also before and after reversal of the instrument, 
the contact spring produces a record sometimes from 
one edge of a contact strip and sometimes from the 
other. The contact correction is intended to reduce 
each observation to the middle of the contact strip 
which records it. 

contact-slide base-line measuring apparatus.-See under 
b m e  apparatus. 

contact vernier.-See under vertder. 
contour.-An imaginary line on the ground, all point8 

of which are  a t  the same elevation above a specified 
datum surface. 

A contour is illustrated by the shore line of an 
imaginary body of water, whose surface is at the 
elevation represented by the contour. A contour 
forming a closed loop around lower ground is called 
a depression contour. The datum surface most gen- 
erally used for contours in this country is mean sea 
level. 

contour interval.-!Che difierence in eIeoatton of two 
adjacent contours. The difference of elevations rep- 
resented by adjacent contour lines. 

cbntour line.-A line on a map representing a aontour. 
contour map.-See under map. 
control : basic.-In general, coordiLated and correlated 

position da ta  forming a framework to which detail 
surveys are  adjusted. 

Basic control may be either horizontal or vertical ; 
it is usually executed with greater precision and ac- 
curacu than is required for dependent surveys. The 
basic control for the Topographic Map o f  the United 
igtates consists of first- and SecOnd-Order trianguza- 
t ion and traverse and flrst- and second-order level- 
w. 

control: cadastral (United States public-land surveys) .- 
See under cadastral Control (United States public- 
land surveus). 

control : geidetic.-A SyBtem of control stations estab- 
lished by geodetic methods. 

Geodetic control data a re  first determined in the 
form of geodetic coordinates and azimuths, which 
a r e  now sometimes transposed into plane-coordinate 
da ta  on a State  system, before being used as bases 
for local surveys. 

control: national control survey netn-The two control 
survey nets being extended over the area of the 
United States by the U. 5. Coast and Geodetic 
Survey for the control of nautical charts and topo- 
graphic maps, and comprising : 

1. The horizontal control survey net  consisting of 
arcs  of flrct- and second-order triangulat6on, and 
lines of first- and second-order traverse, a few of 
which have been executed by the U. 9. Geological 
Survey, the Corps of Engineers, and other organiza- 

tions. The data derived In this survey are  being 
coordinated and correlated on the North American 
datum of l9z7. 

2. The vertical control survey net  consisting of 
lines of prst- and second-order spirit leveling which 
determine the elevations of thousands of bench mark8 
above a common datum, mean sea level. This net 
includes lines of levels run by the U. S. Geological 
Survey, the Corps of Engineers, and other organiza- 
tions. 

control station.-A point on the ground whose position 
(horizontal, vertical) is used as a base for a de- 
pendent survey. 

control sarvey.-A survey which provides positions 
(horizontal, vertical) of points to which supple- 
mentary surveys are  adjusted. 

The fundamental control survey of the United 
s ta tes  provides the geographic positions (and plane 
coordinatee) of thousands of triangulation and trav- 
WSe stations and the elevations of thousands of bench 
mark8 which are  used as the bases for hudrographic 
eurveys of the coastal waters, for the control of the 
topographic survey of the United States, and for 
the control of many State, city, and private surveys. 

control surveys: fIrst-order.-See under first-order work 

control surveys: second-order.-See under second-order 

convergence of meridians.-See under meridtan. 
conversion factor.-See under factor. 
Conybeare leveling rod.-See under leveling rod. 
coordinate protractor.-See under protractor. 
coordinates (general) .-Linear or angular quantities, or 

both, which designate the position o f  a point in  rela- 
tion to a given reference frame. 

There are two general divisions of coordinates 
used in surveying : polar Coordinate8 and rectangular 
coordinates. These may each be subdivided into 
three classes : plane coordinates, spherical coordi- 
nates, and space coordinates. 

coordinates: astronomic.-Quantities which define the 
position of a point on the geoid with reference to 
the planes of the celestial equator and of a selected 
celestial meridian. See latitude: astronomic; long& 
tude: astronomic. 

coordinates : geocentric (terrestrial) - 4 n a n t i t i e s  defining 
the position of a point on the earth by means of 
the angles made by a line from the center of the 
earth to the point with the planes of the celestial 
equator and of  a selected initial geodetic meridian. 

See latitude: geocentric. The term geocentric 
longitude is never used, a s  the quantity which it 
would designate is the same as geodetic longitude. 

coordinates: geodetic.-Quantities which deflne the hori- 
zontal position of  a point on the spheroid o f  refer- 
ence with respect to  the planes of the geodetic 
equator and of a selected geodetic meridian. See 
latitude: geodetic; longitude: geodetic. 

coordinates: geographic.-An inclusive term, used to 
designate both geodetic Coordinate8 and astronomio 
coordinabes. 

coordinates: grid.-Two distances which fix the  position 
of a point on a grid: the perpendicular distance to  the 
point from the Axis of P, termed the abscissa or a 
coordinate ; and the perpendicular distance from the  
Axis of X, termed the ordinate or  g coordinate. 

In surveying operations, the nominal origin at the 
intersection of the axes is usually given large nu- 
merical coordinates, so the inconvenience of using 
negative coordinates will be avoided. Geodetic coor- 
dinates (latitudes and longitudes) may be trans- 
formed into grid coordinates, and all survey compu- 

(COntfOz SUrUeyS). 

work (control SUWeyS). 
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tations relating to them then made by the methods 
and formulas of plane surveying. See State coor- 
dirtate systems. 

coordinates: origin of.-A point in a system of coordC 
nates which serves as an initial in computing its ele- 
ments or in prescribing its use. 

The term, origin of coordinates, has several defi- 
nitions, each so well-established in  use that  a single 
definition cannot be prescribed to the exclusion of the 
others. However, the following are  given in the or- 
der of preferred use, but to avoid misunderstanding 
the  use should be defined by stating the position of 
the  origin in the system and giving the numerical 
coordinates assigned it. 

1. The origin of coordinates is the point of in- 
tersection of the coordinate axes, from which the 
coordinates are  reckoned. In  mathematical treatises 
this origin is usually given the coordinates 0, 0 ;  in 
surveying work, however, i t  is standard practice to 
give this origin coordinates having large positive nu- 
merical values, thereby avoiding the use of negative 
coordinates. See Btate coordinate systems. 

2. The origin of coordinates is the point to which 
the coordinate values 0, 0 are assigned, irrespective 
of i ts  position with reference to the axes. 
3. The origin of coordinates is the point from 

which the computation of the elements of the coor- 
dinate system (projection) proceeds. 

coordinates: plane-rectangular.-The perpendicular dis- 
tances (coordinates) of a point from a pair of axes 
which intersect a t  right angles, reckoned in the 
plane defined by those axes. 

Plane-rectangular coordinates a re  usually calcu- 
lated from data  which are  in the form of polar coor- 
dinates, that  is, distance and direction (bearing or  
azimuth) from a previously determined point. For 
example, the computation of latitudes and departures 
in land surveying. The methods used a re  based on 
plane trigonometry and geometry. The position of 
a point on the ear th  may be defined by plane-rec- 
tangular coordinates on a tangent plane (Zoea2 W S -  
tem of plane coordinates), or on a so-called coni@ 
or cylindrical map projection, such as are  used in 
the State plane-coordinate systems. 

coordinates : polar (general) .-The distance and direc- 
tion from a central point of reference to  a point 
whose position is  being defined. 

The point of reference is termed the pole or origin ; 
the line (distance) connecting the origin with the 
point whose position is being defined is the radius 
vector; and the angle between the fixed line to  
which the direction is referred and the radius vector 
is the vectorial angle. In surveying operations, ob- 
servations are  usually put  in the form of polar coor- 
dinates a s  a first step in the computation of plane 
or spherical coordinates. For example, computations 
of geodetic positions (latitudes and longitudes) are  
based on azimuths and distances from known 
positions. 

coordinates: rectangular.-Coord6nates on any system 
in which the axes of reference intersect at right 
angles. 

A system of rectangular coordinates may be plane, 
curved (spherical), or spatial. See coordinates: 
plane-rectangular; ooordinates: g e o d d b ;  coor- 
dinates: rectangular space; etc. 

coordinates : rectangular space.-The perpendicular dis- 
tances of a point from planes defined by each pair 
of a set of three axes which are mutually per- 
pendicular to each other at a common point or 
origin. 

In photogrammetry, space coordinates are also 
termed survey coordinates, and are  the  2 and 
coordinates which define the horizontal position 
of a point on a ground system, and the B coordinate, 
which is the elevation of the point with reference 
to the ground system. 

coordinatea: spherical.-Two quantities, angular or 
linear, or both, on a sphcre, defining t h e  position 
of a point with reference to two great circles which 
form a pair of axes, or with reference to  an origin 
and a great circle through the point. 

The term spherical coordinates includes eoordi- 
nates on any surface approximating a sphere. See 
eoordinotes: geographic; Coordinates: geodetic; co- 
ordinates: astronomic. 

coordinates : vertical.-The vertical distance (elevation) 
of a point above or below a surface of reference 

The vertical coordinate of a point may be plus or 
minus, according to whether the point is above or 
below the datum; the  datum may be assigned a 
large positive elevation, so that  all elevations re- 
ferred to  it will be plus. Instead of elevation, the 
term height is sometimes used. 

coordination.-The placing of survey data on the same 
coordinate system or datum. 

Coordination does not imply the adjustment of 
observations to remove discrepancies. Two field 
surveys over the same area may be coordinated by 
computation on the same datum, but there may 
remain between them discrepancies tha t  can be re- 
moved only by correlation. 

comer.-A point on a land boundary, a t  which two or 
more boundary lines meet. 

Not the same a s  monument, which refers to the 
physical evidence of the corner’s location on the 
ground. 

corner (United States public-land surveys),*-A point 
on the surface of the earth, determined by surveying 
process, marking a n  extremity of a boundary of a 
subdivision of the public lands, usually at the inter- 
section of two or more surveyed lines; often incor- 
rectly employed to denote the physical structure, or 
monument, erected to mark the corner point. 

Corners are  described in terms of the points they 
represent. Thus : 

township corner.-A corner a t  the extremity of a 
township boundary. 

section corner.-A corner a t  the extremity of a 
section boundary. 

quarter-section corner.-A corner a t  a n  extremity 
of a boundary of a quarter section, midpoint between 
or 40 chains from the controlling section corners, 
depending on location within the township. 

sixteenth-section corner.-A corner a t  an extrem- 
ity of a boundary of a quarter-quarter section; mid- 
point between the controlling corners on the  section 
or township boundaries. 

meander corner.-A corner marking the  intersec- 
tion of a township or section boundary and the mean 
high-water line of a body of water. 

standard corner.-A corner on a standard parallel 
or base line. 

comer: closing (United States public-land survey#).*-A 
corner a t  the intersection of a surveyed boundary 
with a previously established boundary line. 

In the survey of the public land of the  United 
States, when the line connecting the last section 
corner and the objective corner on an established 
township boundary departs from the astronomb 
meridian by more than the allowable deviation, the 
line being surveyed is projected on cardinal to an 

(da tum) .  
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intersection with the township boundary, where a 
closing corner is established and connection made 
to the previously established corner. Closing cor- 
ners are  established a t  the  intersection of a line be- 
ing surveyed with a previously established township 
boundary in order to  avoid excessive deviation from 
cardinal which might be required to connect with 
the objective corner on t h a t  boundary. Closing 
corners a re  also established a t  the intersection of a 
township, range, or section line with the boundary 
of a previously surveyed and  segregated t ract  of land, 
such as a private land claim, mineral claim, etc. 

corner: existent (United States public-land surveys) .*-A 
corner whose position can be identified by verifying 
the evidence of the  monument, or its accessories, by 
reference to the  description tha t  is contained in the 
field notes, o r  where the point can be located by 
a n  acceptable supplemental survey record, some 
physical evidence, or testimony. 

Even though its physical evidence may have en- 
tirely disappeared, a corner will not  be regarded as 
lost if its position can be recovered through the tes- 
timony of  one o r  more witnesses who have a de- 
pendable knowledge of the original location. 

corner: lost (United States public-land surveys) .*-A 
corner whose position cannot be determined, beyond 
reasonable doubt, either from traces of the original 
marks or  from acceptable evidence or testimony tha t  
bears upon the  original position, and whose location 
can be restored only by reference to one or more 
inter-dependent corner8. 

comer : obliterated (United States public-land surveys) .*- 
A corner at whose point there a re  no remaining trace8 
of the  monument, or its accessories, hut  whose loca- 
tion has  been perpetuated, or the point for  which 
may be recovered beyond reasonable doubt, by the 
acts  and  testimony of the interested landowners, 
competent surveyors, or  other qualified local author- 
ities, or witnesses, or by some acceptable record evi- 
dence. 

A position t h a t  depends upon the use of collateral 
evidence can be accepted only as duly supported, gen- 
erally through proper relation to known corners, 
and agreement with the  field notes regarding dis- 
tances to natural  objects, stream crossings, line trees, 
and off-line tree blazes, etc., or unquestionable tes- 
timony. 

corner : witness (United States public-land surveys) .*-A 
monumented survey point near a corner, established 
as a reference mark when the  corner is so situated a8 
to  render its monumentation or ready use imprac- 
ticable. 

A witness corner is marked in  a prescribed manner, 
comparable with t h a t  for  the  t rue corner. 

comer accessories (United States public-land surveys) .- 
See under accessories. 

correction.-A quantity which is applied t o  a n  observa- 
tion or  function thereof, to diminish or eliminate 
the effects of errors and obtain a n  improved value of 
t h e  observation or function. It is also applied to re- 
duce a n  observation to some arbitrary standard. 

The correction corresponding to a given error is of 
the  same magnitude but of opposite sign. The 
signs a re  given by the following equation : improved 
value= observed value+ correction. 

See under error: residual error. 
correction: adjustment (leveling) .-That correction 

which is applied to  an orthometric elevation to pro- 
duce a n  adjusted elevation, f o r  the purpose of elimi- 
nat ing the effects of circuit closures. 

correction: index (leveling).-That correction which 
must be applied to  an observed difference of elevation 
t o  eliminate the error introduced into the observa- 

tions when the  zero of the graduations on one or both 
leveling rode does not coincide exactly with the actual  
physical foot or bottom surface of the rod. 

correction: level (leveling) .-That correction which is 
applied to a n  observed difference of elevation to  
correct for  the error introduced by the  fact  t h a t  the  
line of sight through the leveling instrument is not 
absolutely horizontal when the  bubble is centered in  
its vial. 

correction: orthometric.-That correction which is a p  
plied t o  a preliminary elevation to correct for the 
error introduced by the fact tha t  level surfaces at 
different elevations are  not exactly parallel. 

correction: rod (leveling) .-That correction which is 
applied to  a n  observed difference of elevation to  cor- 
rect for  the error introduced when t h e  leveling rods 
are  not actually of the length indicated by the grad- 
uations. 

correction: temperature (leveling) .-That correction 
which is applied to a n  observed difference of eleva- 
tion t o  correct for  the error introduced when the  
temperature at which the leveling rode are  used in  
the field is different from the temperature at which 
they were standardized. See, also, standardization. 

correction for inclination of the horizontal axis.-See 
under inclination of the horizontal axis. 

correction for run of micrometer.-See under micrometer. 
correlate equation.-See under equation. 
correlation.-The removal of discrepancies t h a t  may 

exist among survey data, so tha t  all par ts  a re  inter- 
related without apparent error. 

The terms coordination and correlation a re  usually 
applied to the  harmonizing of surveys of adjacent 
areas or of different surveys over the same area. 
Two o r  more such surveys are  coordinated when they 
are  computed on the same datum; they are  corre- 
lated when they are  adjusted together. 

county map.-See under map. 
course (general).-This term has many meanings. I n  

surveying it has  been used to  designate the bearing 
of a line ; the  length of a line ; and the combination, 
bearing (or azimuth) and length of a line. I n  
control surveying, its use can and should be avoided, 
but if used, it should be with the  inclusive meaning, 
azimuth and length of line. It is better to  use the 
two distinct and definite terms, azimuth and length 
of line. The following are  definitions of course as 
used i n  current technical literature : 

course (geography).-A route on the  ear th  along which 
a river flows ; the  river itself. 

course (land surveying).-The bearing of a line. 
course (navigation).-The azimuth or Bearing of a line 

along which a ship is to  travel or does travel. 
course (transit traverse).-The azimuth and length of a 

line, considered together. 
crystal clock.-The crystal clock is a relatively new 

device for keeping accurate time. It consists essen- 
tially of a generator of constant frequency controlled 
by a resonator made of quartz crystal, wi th  suitable 
means for producing continuous rotation controlled 
by it t o  operate time indicating and related mecha- 
nisms. 

The above description is quoted directly from a 
paper, The Crystal Clock, by W. A. Marrison, pub- 
lished in the Proceedings of the National Academy 
of Sciences, July 15, 1930. The crystal clock has  
been used with considerable advantage over other 
types of portable clocks and chronometers in scien- 
tific work, such as gravity observations, where time 
intervals must be measured with the greatest Po& 
sible accuracy and precision. 
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culmination.-The position of a heavenly body when 

at highest apparent altitude; also, for  a heavenly 
body which is continually above the horizon. the po- 
sition of lowest apparent altitude. 

Culminntion occurs when the body transits the  
local meridian: upper culmination at the  upper 
branch of the meridian; lower culmination at the 
lower branch. As a n  observer approaches a pole 
of the earth, culmination of the fixed stars becomes 
less noticeable, disappearing when the pole is 
reached. Under some conditions, for  bodies within 
the solar system, culmination may be largely ob- 
scured by changes in declination. At one time, moon 
culminations were extensively used in determining 
astronomic longitude. 

cumulate.-A term proposed for  a type of m o r  which 
tends to  accumulate in direct proportion t o  occur- 
rence. 

This type of error is covered by the expression 
systematic error, and there is no need for  a new 
term. The use of cumulate should be avoided. 

curvature correction (astronomy).-A correction applied 
to the mean of a series of observations on a star or  
planet, to take account of the  divergence of the ap- 
parent path of the star or planet from a straight 
line. 

Observations on a star for  the purpose of deter- 
mining the  value of a micrometer a r e  subject to a 
correction for  curvature, as also are some azimuth 
observations. The correction to  reduce a latitude 
observation on a star close to but not on the meridian 
to what  it would be if the star were on the meridian 
may be considered a correction for  curvature. 

curvature correction (geodesy) .-The correction applied 
in some geodetic work to take account of the di- 
vergence of the surface of the ear th  (spheroid) from 
a plane. 

In geodetic spirit leveling, the effects of curvature 
and of atmospheric refraction are  considered to- 
gether, and tables have been prepared from which 
combined corrections can be taken. 

curve: degree of.-The number of degrees of angular 
measure at the  center of n circle subtended by a 
chord 100 feet in length. 
In highway surveying, a 100-foot a r c  is some- 

times used instead of a 100-foot chord in defining 
degree of curve. 

curve : easement.-A spiral curve. 
curve: point of compound curvature.-The point on a line 

survey where a circular curve of one radius is tan- 
gent to a circular curve of a different radius, both 

curves lying on the same side of their common tan-  
gent. Also termed the P. C. C. 

curve: point of curvature.-The point in a line survey 
where a tangent ends and a circular curve begins. 
Also called point of curve, and P. C. 

It is the point where a s t ra ight  line in a survey 
changes to a circular curve. See curve: point of 
tangency. 

curve: point of intersection.-The point where the two 
tangents of a circular curve meet. Also called the 
vertex of curve, and the P. I. 

curve: point of tangency.-The point in a line survey 
where a circular curve ends and a tangent begins. 
Also called point of tangent, and P. T. 

The point of tangency and  point of curve are both 
points of tangency, their different designations being 
determined by the direction of progress along the  
line. The point of curvature is reached first. 

curve: spiral.-A curve of varying radius connecting 
a circular curve and a tangent, or two circular curves 
whose radii a r e  respectively longer and shorter than 
its own extreme radii. Also called a transition curve 
and a n  easement curve. 

curve: transition.-A spiral curve. 
curve: vertex of.--See under curve: pdnt of inter- 

section. 
curve of alignment.-A line connecting two points on 

the surface of the  spheroid, and defined by the con- 
dition tha t  at every point the azimuths of the two 
end points of the line differ by exactly 180". 

A curve of alignment is a line of double curvature 
slightly less i n  length than the  normal section lines 
connecting its two end points. 

cut-off cylinder.-An accessory apparatus, used in 
standardization operations to refer the  end of a 
base tape or bar standard to  a ground mark. 

The cut-off cylinder is a laboratory device, con- 
sisting essentially of a short  rigid bar, so equipped 
and mounted tha t  it forms a direct connection be- 
tween the apparatus being tested and a permanent 
ground monument ; its length and inclination provide 
the means for  determining the relative positions of 
the flducial marks on the base tape or b a r  and on 
the ground monument. 

cylindrical equal-area map projection.-See under map 
projection. 

cylindrical equal-spaced map projection.-See under map 
projection. 

cylindrical map projection.-See under map projection. 

d a t u m i h n y  numerical or  geometrical quantity or  set  
of such quantities which may serve as a reference 
or base for  other quantities. 

For  a group of statistical references, the plural 
form is data  : as geographic data  for a list of lati- 
tudes and hngitudes. Where the concept is geometri- 
cal and particular, rather than statistical and in- 
clusive, the plural form is datums, as, for  example, 
two geodetic datums have been used i n  this country 
in recent years. 

datum (geodetic).*-A datum consisting of 6 quantities : 
the  latitude and the longitude of a n  initial point, 
the azimuth of a line from this point, and two con- 
stants necessary to define the terrestrial spheroid. 

It forms the  basis for the  computation of hori- 
zontal control s w v e y s  in which the curvature of 
the ear th  is considered. 

datum (leveling).-A level surface to  which heights a re  
referred. 

The ebvat ion of the  datum is usually, but not 
alwnys, zero (0). The generally adopted datum for  
leveling operations in the United States is mean sea 
level. For local surveys, where a sea-level connec- 
tion is not available, an arbitrary datum may be 
adopted and defined in terms of an assumed elevation 
for some physical mark (bench mark) .  A datum 
for  spirit leveling is not a plane, and  the term datum 
plane is incorrectly used in such connection. See, 
also, datum: tidat. 



22 U. S. COAST AND GEODETIC SURVEY 

datum: Camp Co1onna.-The geodetic datum defined by 
t h e  following geographic position and azimuth on the  
Clarke spheroid of 1866 : 

Latitude of Camp Colonna 67 25 05.11N. 
Longitude of Camp Colonna 140 59 13.50 W. 
Azimuth from Camp Colonna t o  

0 , e, 

South Meridian 0 00 00 
The  above position and  azimuth a r e  based on astro- 

nomical observations made in  1890, the  longitude 
being determined by the moon-culmination method. 

datum: Golofnin Bay.-The geodetic datum defined by 
the  following geographic position a n d  azimuth on 
t h e  Clarke spheroid of 1866: 
Latitude of Golofnin Bay long. O ' '' 

Longitude of Golofnin Bay long. 

Azimuth from Golofnin Bay 
long. station to  azimuth mark 180 00 42.9 

The above position and  azimuth based on astro- 
nomical observations made in 1899, the  longitude 
being determined by the  chronometric method. 

datum: Kripniyuk-Kwik1okcha.-The geodetic datum 
defined by the  following geographic position and 
azimuths on the  Clarke spheroid of 1866 : 
Latitude of Kripniyuk astro. 

station 62 20 06.58 N. 
Longitude of Kripniyuk astro. 

station 165 19 27.12 W. 
Azimuth from Kripniyuk as- 

tro. station to  station Tent 180 00 00.0 
Azimuth from Kwiklokchun 

astro. station to station 
Camp 0 00 00.0 
The above position is based on weighted means 

of astronomical determinations made in 1898, the  
longitudes by the chronometric method. 

datum: Luzon.-The geodetic datum which is defined by 
t h e  following geographic position and azimuth on 
the Clarke spheroid o l  1866: 
Latitude of triangulation sta- ' " 

tion Balanacan 13 33 41.000 N. 
Longitude of triangulation sta- 

tion Balanacan 121 52 03.000 E. 
Azimuth, triangulation station 

Balanacan to triangulation 
station Bal tasar  9 12 37.000 
The Luzon datum was adopted i n  1911 and was 

derived from observations on the Island of Luzon. 
It has  been extended t o  all par ts  of the  Philippine 
Islands, except a few remotely situated islands. See 
U. S. Coast and Geodetic Survey Field Engineers 
Bulletin, December 1938, page 20. 

datnm: New England.-Identical with the geodetb 
datum for  which the name United States standard 
datum was adopted in 1901, which name was later 
changed to  North American datum. Before 1901 
this  datum was de5ned by the following geographic 
position and azgmuth on the Clarke spheroid of 1866: 
Latitude of triangulation sta- ' ' " 

tion Principio 39 35 36.692N. 
Longitude of triangulation sta- 

tion Principio 76 00 16.407 W. 
Azimuth, triangulation station 

Principio to  triangulation 
station Turkey Point 1 34 36.413 
See U. S. Coast and Geodetic Survey Report for  

station 64 27 11.461 N. 

station 162 52 13.700 W. 

0 , ,, 

1879, Appendix 8, pages 112-114. 

datum: North American.*-The geodetb datum which 
is de5ned by the following geographic position of 
triangulation statlon Meades Ranch and the azimuth 
from tha t  station to station Waldo, on the Clarke 
spheroid o f  1866: 

Latitude of Meades Ranch 39 13 26.686 N. 
Longitude of Meades Ranch 98 32 30.506 W. 
Azimuth, Meades Ranch t o  

0 ,  ,, 

Waldo 75 28 14.52 
The North American datum is identical with the 

United States standard datum, the name of the 
datum being changed in  1913 when its adoption by 
the governments of Canada and of Mexico for their 
control surveys gave it a n  international character. 

datum: North American datum of 1927.*-The geodetic 
datzim which is defined by the following geographic 
position of triangulation station Meades Ranch and 
the azimuth from tha t  station to station Waldo, on 
the Clarke spheroid o f  1866: 

Latitude of Meades Ranch 39 13 26.686 N. 
Longitude of Meades Ranch 98 32 30.506 W. 
Azimuth, Meades Ranch t o  

0 , ,, 

Waldo 75 28 09.64 
Geodetic positions on the  North American datum 

of 1927 are  derived from the above geographic posi- 
tion and azimuth through a readjustment of the  trC 
angulation of the entire country, in which Laplace 
azimuths were introduced, and new methods of ad- 
justment were used ( B o d e  method). 

datum: Old Hawaiian.-The geodetic datum which is 
de5ned by the  following geographic position and a z b  
muth on the Clarke spheroid of 1866: 
Latitude of triangulation sta- ' " 

tion Oahu west base 21 18 13.89 N. 
Longitude of triangulation sta- 

tion Oahu west base 157 50 55.79W. 
Azimuth, triangulation station 

Oahu west base to  triangula- 
tion station Oahu east base 291 29 36.0 
The Old Hawaiian datum is based on a n  adjusted 

latitude derived from a number of astronomic lati- 
tudes in  various par ts  of the islands, and an astro- 
nomic longitude obtained from observations of lunar 
culminations, s ta r  occultations, etc. See U. S. Coast 
and Geodetic Survey Special Publication No. 156, 
Triangulation in  Hawaii. 

datum : Panama-Colon.-The geodetic datum which is 
defined by the  following geographic position and 
azimuth on the Clarke spheroid of l86G: 
Latitude of triangulation sta- O ' '' 

Longitude of triangulation sta- 

Azimuth, triangulation sta- 

tion Balboa Hill 9 04 57.637 N. 

tion Balboa Hill 79 43 50.313W. 

tion Balboa Hill to  triangu- 
lation station Salud 185 02 39.54 
See U. 5. Coast a n d  Geodetic Survey Field Engl- 

neem Bulletin, December 1938, page 23. 
datum: Port Clarence.-The geodetic datum defined by 

the following geographic poeition and azimuth on 
the Clarke spheroid of  1866 : 
Latitude of Por t  Clarence as- O ' ,, 

tro. station 65 16 40.18 N. 
Longitude of Por t  Clarence as- 

tro. station 166 50 08.065W. 
Azimuth from Por t  Clarence 

astro. station to  azimuth 
mark 0 06 17.0 



The latitude was determined astronomically in 
1900 ; the  longitude is a n  assumed value, the astro- 
nomicallydetermined value being 166" 50' 45.60" : 
the  azimuth was derived from time observations. 

datum: Pribilof Islands datums.-See under datum: Bt. 
ffeorge Is land:  S t .  Paul Island. 

datum: Puerto Rico.-The geodetic datum which is de- 
fined by the following geographic position and azf- 
muth on the  Clarke spheroid of 1866: 
Latitude of triangulation sta- ,, tion Cardona Island light- ' 

house 17 57 31.400 N. 
Longitude of triangulation sta- 

tion Cardona Island light- 
house 66 38 07.530 W. 

Azimuth, triangulation station 
Cardona Island lighthouse 
t o  triangulation station 
Ponce southwest base 128 36 26.2 

Adopted in 1901 or  soon thereafter, the  Puerto Rico 
datum is derived from observations on the  Island of 
Puerto Rico and the Virgin Islands. See U. S. Coast 
and  Geodetic Survey Field Engineers Bulletin, De- 
cember 1938, page 22. 

datum: St. George Island.-The geodetic datum defined 
by the following geographic position and azimuth on 
the  Clarke spheroid of 1866 : 
Latitude of St. George Island as- 

tronomic station 56 36 11.31 N. 
Longitude of St. George Island 

astronomic station 169 32 36.00 W. 
Azimuth from St. George Island 

astronomic station to  meridian 
mark 0 00 06 
The above latitude and azimuth are  based on inde- 

pendent astronomical determinations. The long& 
tude is based on longitudes of St. George Island and  
St. Paul  Island astronomic stations, which were 
determined by the chronometric method, a weighted 
mean being obtained through triangulation connect- 
ing the two islands. 

datum: St. Michael.-The geodetic datum defined by the 
following geographic position and azimuth on t h e  
Clarke spheroid o f  1866 : 
Latitude of St. Michael astro. ' 

Longitude of St. Michael astro. 

Azimuth from St. Michael astro. 

,, ' 

e, 

station 63 28 41.51 N. 

station 162 01 06.00 W. 

station to azimuth mark 359 5U 55.6 
The above position depends on astronomical obser- 

vations made in  1891, the  longitude being determined 
by moon-culmination and star-occultation methods. 

datum: St. Paul Island.-The geodet6c datum defined by 
the following geographic position and azimuth on 
the Clarke spheroid of l866: 
Latitude of St. Paul  Island astro. O ' " 

Longitude of St. Paul  Island as- 

Azimuth from St. Paul  Island 

station 57 07 16.86 N. 

tro. station 170 16 24.00W. 

astro. station to azimuth mark 179 59 12 
The above latitude and azimuth are  based on i n d e  

pendent astronomical determinations. The long& 
tude is based on lonoitudes of the St. Paul Island a n d  

determined by the  chronometric method, a weighted 
mean being obtained through triangulation connect- 
ing the two islands. 

datum: Standard (California) astronomical datum of 
1885,The geodetic datum which is defined by the 
following geographic position and azimuth on the 
Clarke spheroid of 1866: 
Latitude of triangulation sta- ' " 

tion Mt. Helena 38 40 04.260 N. 
Longitude of triangulation 

station Mt. Helena 122 38 01.410 W. 
Azimuth, triangulation station 

Mt. Helena to triangulation 
station Mt. Diablo 324 01 31.04 
The determination of this  datum is described in  

U. S. Coast and Geodetic Survey Report for 1885, 
Appendix 9, page 464. Its designation is taken from 
the so-called "old registers" of the Division of 
Geodesy. It is identical with the "Yolo base datum" 
used in the report on the  California-Nevada boundary 
line, U. S. Coast and  Geodetic Survey Report for 
1900, Appendix 3, note on page 346. 

datum: tidal.-A datum defined by a phase of the tide. 
See datum (leveling). 

When used as reference surface for hydrographic 
surveys, tidal datums are termed datum planes ; how- 
ever, they a re  not  planes and  are not treated as 
planes, but as level surfaces, which a r e  curved. 
The tidal datum i n  most general use in geodetic work 
is mean sea level. I n  land surveying, where bound- 
aries and riparian rights are involved, mean high 
water and mean low water  are sometimes tidal 
datums of considerable importance. See island; 
shore. 

datum: Transcontinental Triangulation.-The geodetic 
datum which is defined by the following geographic 
position and azimuth on the Clarke spheroid of 1866: 
Latitude of triangulation sta- ' 

tion Hays 38 54 50.18 N. 
Longitude of triangulation sta- 

tion Hays 99 16 16.73 W. 
Azimuth, triangulation station 

Hays to triangulation sta- 
tion La Crosse. 350 44 19.00 
The determination of this  datum is described 

in U. S. Coast and  Geodetic Survey Special Pub- 
lication No. 4, The Transcontinental Triangula- 
tion and the American Arc of the Parallel, 1900, and 
was adopted and used for  scientific studies reported 
in  t h a t  publication and in Special Publication No. 7, 
The Eastern Oblique Arc of the United States and 
the Osculating Spheroid, 1902. It served no other 
purposes than stated above and no formal designa- 
tion was given it. 

datum: Una1aska.-The geodetcc datum which is defined 
by the following geographic position and azimuth on 
the Clarke spheriod of 1866: 
Latitude of Unalaska astro- ' " 

nomic station 53 52 36.45 N. 
Longitude of Unalaska as- 

tronomic station 166 32 05.55 W. 
Azimuth, Unalaska astronom- 

ic station to Observatory 
station 180 00 00 
The above datum is based on astronomical observa- 

tions made in 1896, the  longitude being determined 
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St. George Island astronomic stations, which were by the Chronometric method. 
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datum: Va1dez.-The geodetic datum de5ned by the fol- 
lowing geographic position and azimuth on the Clarke 
8phWOid Of 1868: 

Latitude of station Pete 60 22 44.440 N. 
Longitude of station Pete 145 23 48.560 W. 
Azimuth from station Pete to 

0 , ,, 

azimuth mark 179 44 35.4 
The geographic position of Pete is derived through 

triangulation connections from the astronomic lati- 
tude of Orca astronomic station, 1898, and the as- 
tronomic longitude of Valdez longitude station, de- 
termined by telegraph in 1905. The azimuth, Pete 
to azimuth mark, is an astronomic azimuth. 

datum: Yakutat.-The geodetic datum defined by the 
following geographic position and azimuth on the 
Clarke spheroid O j  1866: 
Latitude of Yakutat astronom- ’ ” 

Longitude of Yakutat astro- 

Azimuth from Yakutat astro- 

ic  station 59 33 50.50 N. 

nomic station 139 47 15.60 W. 

nomic station to azimuth mark 0 00 19.5 
The above position and azimuth were determined 

astronomically i n  1892, the  longitude by the chron- 
ometric method. 

datum: Yukon.-The geodeth datum which is de5ned 
by the following geographic position and azimuth on 
the Clarke spheroid of 1866: 
Latitude of triangulation Eta- ’ ” 

tion Boundary 64 40 51.42 N. 
Longitude of triangulation sta- 

tion Boundary 141 00 00.00 W. 
Azimuth, triangulation sta- 

tion Boundary to triangula- 
tion station Bald 270 00 00.0 
This datum is based on a single astronomic sta- 

tion near the crossing of the 141st Meridian and the  
Yukon River, and was adopted for use in computing 
the triangulation along tha t  par t  of the Alaska- 
Cahada boundary defined as being the 141st Merid- 
ian. 

Davidson meridian instrument.-See under meddiatt 
telescope. 

day.-A measure of time based upon the rotation of the 
ear th  on its axis with respect to  (1) the vernul 
equinoz, giving the sidereal day, and (2) the sun, 
giving the solar day. 

day: apparent solar.-The interval of time from a tranait 
of the sun across a given meridian to its next suc- 
cessive transit across the same meridian. 

As the motion of the sun is not uniform, ap- 
parent solar days vary in length through the year, 
the  maximum deviation from a mean solar day 
amounting to  not quite a half minute in either di- 
rection. 

day: astronomical.-A solar day beginning at noon. 
The astronomical day may be based on either ap- 

parent solar time or on mean solar time. It begins 
12 hours later than the civil day of the same date. 
Prior to  1925, the  astronomical day was used a s  a 
reference in the American Ephemeris and Nautical 
Almanac. I n  1925, and since then, the dvil  day 
has been used instead. An exception to the above 
practice is found in  the American Practical Navi- 
gator (Bowditch), in the 1936 edition of which as- 
tronomical day is defined a s  above, while in the 1938 
edition i t  is defined as commencing at midnight, 
agreeing with the civil day. This second de5nition 
of the term is  not needed, and ita use is a p t  to pro- 
duce confusion. 
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day: civil.-A solar day beginning at midnight. 
The civil day may be based on either apparent 

solar time or mean solar time; it begins 12 hours 
earlier than the astronomical day of the same date. 

day: mean solar.-The interval of time from a transit 
of the mean sun across a given meridian to its next 
Successive transit across the same meridian. 

The mean solar d a s  is derived from the average 
length of the apparent solar day throughout the 
year. See time: mean solar. 

day: sidereal.-The interval of time from a transit of 
the (true) vernal equinoe across a given meridian 
to its next successive transit across the same merid- 
Can. 

The length of the sidereal day is subject to slight 
irregularities on account of small differences between 
the positions of the true equinoz, which is affected 
b y  precession and nutation, and the mean equinoz, 
which is affected by precession but not by nutation. 
See time: sidereal; equinoe: vernal. 

day: solar.-The interval of time from the transit of 
either the sun or the mean sun across a given me- 
rMian to the next successive transit of the same 
body across the same meridian. See day: apparent 
solar; day: mean Solar. 

The term day is frequently used in connection 
with a particular period in one of the  longer scales, 
a8 “day of month”; in most cases, the term date 
is preferred. 

daylight-saving time.-See under time. 
Decca.-A continuous wave electronic navigation system 

for measuring distance differences with respect to  
5xed transmitters of known position. 

A ship or aircraft starting from a known point 
makes use of two receivers which indicate the num- 
ber of nodes encountered as it moves through the 
5xed phase patterns of two pairs of synchronized 
transmitters. The phase readings are  plotted on a 
Decca chart containing hyperbolic lines of position. 

declination (astronomy).-The angle a t  the center of 
the celestial sphere between the radius passing 
through a celestial body and the plane of the celes- 
tial equator. 

Declination (astronomy) is measured by the arc 
of the hour circle between the celestial body and the 
equator; it is plus when the body is north of the 
equator, and minus when south of it. It corre- 
sponds to latituze on the earth, and with right ascen- 
sion forms a pair of coordinates which defines the 
position of a body on the celestial sphere. 

declination: magnetic.-See under magnetic declination. 
declination: parallel of.-A small circle on the  celestial 

sphere parallel to the celestial equator. 
declination arc (solar compass).-A graduated arc on a 

surveyor’s solar compass or on the solar attachment 
of an engineer’s transit, on which the declination 
of the sun (corrected for refraction) is set off. 

This represents one side (polar distance) of the 
aatronomi~al triangle, which is  solved mechanically 
by means of the solar cornpass or attachment. 

declination arc (surveyor’s compass) .-A graduated am 
attached to the alidade of a surveyor‘s compass or 
transit, on which the  magnetic declination is set 
Off. 

When the magnetic declination is set off on the 
declination a rc  of a surveyor‘s compass or transit, 
a reading of the needle will give a bearing cor- 
rected for tha t  declination. 

declination vernier.-The v m i e r  used in  reading the 
declination arc on a solar compass or attachment, 
or the magnetic declination on a surveyor‘s compass 
or transit. 
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deflection angle.-See under angle. 
deflection anomaly.-See under anomaly. 
deflection of the plumb line.-The angle a t  a point on the 

earth (geoid) between the vertical (direction of the 
plumb line) and the direction of the normal to the 
spheroid of reference through the point. Also called 
deflection of the vertical or station error. 

It is also equal to  the angle between the tangents 
to the geoid and the spheroid; and equivalent to the 
topographic deflection corrected for the effects of 
isostasy. 

deflection of the vertical.-See under deflection of the 
plumb line. 

degree of curve.-See under curve. 
dep.-The usual abbreviation for departure (plane sur- 

veying) .  
departure (plane surveying) .-The orthographic projec- 

tion of a line on an east-west axis of reference. 
The departure (dep.) of a line is the difference of 

the meridian distances or longitudes of the ends of 
the line. It is east or positive, and sometimes called 
the easting, for a line whose azimuth or bearing 
is in the northeast or southeast quadrant ; it is west 
or negative, and sometimes called the westing, for a 
line whose azimuth or  bearing is in the southwest 
or northwest quadrant. Departure is also a term 
used in navigation. 

depression contour.-See under contour. 
depth of isostatic compensation.-See under isostatic 

desk outline.*-An outZine map of sufflciently small 
compensation. 

scale to be suitable for use a t  a desk. 
This term is  not recommended for use. 

detail: junction.-A sketch or working diagram show- 
ing the details of the various levelings a t  a junction. 

detailed surveys and maps.-See under surveys and maps. 
diaphragm (surveying).-The thin glass disk on which 

difference of latitude (plane surveying).-See under lot- 

dip of horizon.-See under horizon. 
direct angle-See under angle to right. 
direct leveling.-See under leveling. 
direct observation.-See under observation. 
direction.-In surveying and mapping, the angle be- 

tween a line or plane and an arbitrarily chosen 
reference line or plane. 

At a triangulation statian, observed horizontal 
angles are  reduced to a common initial, and termed 
horizontal directions. They are  usually collected 
into a single list of directions, with the direction 
of 0” placed flrst, and the other directions arranged 
and increasing in clockwise order. 

etched lines forming a reticle are  placed. 

itude. 

direction instrument.-See under theodolite. 
direction method, determination of astronomic azimuth.- 

direction method of adjustment (triangulation and trav- 

direction of gravity.-See under gravity. 
dmcrepancy.-A difference between results of duplicate 

or comparable measures of a quantity. The differ- 
ence in computed values of a quantity obtained by 
different processes using data from the same survey. 

Examples: The difference in the length of two 
measures of the same line. The amount by which 
the values of a position of the third point of a tri- 
angle as computed from the two other points may 
fail to agree, when the triangle has not beeh cor- 
rected for closure. Discrepancy is closely associated 
with, but not identical with, closure. See diSCrW 
ancy: accumulated. 

See under azimuth. 

erse) .-See under adjustment. 

discrepancy : accumulated.-The sum of the  separate 
discrepancies which occur in the various steps of 
making a survey or of the computation of a survey. 

Example : If two independently run lines of lev- 
eling over the same series of bench marks are com- 
puted separately, differences or discrepancies between 
the two sets of values of elevatiorm will accumulate. 
This does not mean that  the accumulated discrep- 
ancy will necessarily increase in magnitude. 

dispersion: dispersive power.-See under refraction: it& 
dex 01 refraction. 

distance angle.-See under angle. 
distribution map.-See under map. 
diurnal aberration.-See under aberration of light 

diurnal parallax.-See under parallam. 
diurnal variation.-That component of a determinable 

magnitude which passes through a complete cycle 
in one day. 

Such a component is said to have a periodicity of 
one day. Example: the diurnal variation of mag- 
netic declination. 

divergence (leveling)-The difference between the nu- 
merical values of two runnings over the same sec- 
tion of a line of  levels. Divergence and “partial” 
a re  practically the same thing. 

divergence : accumulated (leveling) .-The algebraic sum 
of the divergences or “partials” for the sections of a 
Zine of levels, from the beginning of the line to any 
section end at which it is desired to compute the 
total divergence. 

division: graduation.-The placing of marks on an in- 
strument or device to  represent standard values 
thereon. 

The term division is applied especially to  a circle, 
the  value of a complete circle being absolute, tha t  
is, not depending upon a n  adopted standard. Grad- 
uation is more often applied to the placing of inter- 
mediate marks on an instrument or device (tape, 
thermometer) where interpolation is made between 
marks which represent conventional or standard val- 
ues. However, no exact distinction is made between 
the two terms, division and graduation, a8 gener- 
ally used. See calibration; standardization. 

Doolittle Method.-A modiflcation of Gauss’ method of 
solving normal equations. 

The Doolittle Method, with further modifications 
made in recent years, is used in  the adjustment of 
survey data  by members of the U. S. Coast and 
Geodetic Survey. It is named for M. H. Doolittle, for 
many years a member of the Computing Division of 
t h a t  Bureau, and author of a description and ex- 
planation of the method which appeared in the 
U. S. Coast and Geodetic Survey Report for 1878, 
pages 115-118. 

double dating.-Dating an event according t o  both the 
Julian and the ffregorian Calendars. 

In Great Britain and her colonies, the Julian 
Calendar, with March 25 as the beginning of the 
year, was offlcially replaced in 1752 by the ffregorian 
Calendar, with January 1 a s  the beginning of the 
year. The difference between the two calendars hav- 
ing increased from 10 days in 1582 to 11 days, the 
change was made by having September 2, 1752, fol- 
lowed immediately by September 14. To avoid con- 
fusion resulting from the change, dates according to  
the Julian Calendar were marked “old style” or 
“(0. S.)” ; those on the ffregorian Calendur, “new 
style” or  “(N. S.)”. In  double dating early Amer- 
ican records, not only the day and the month, but 
also the year, are  subject to change. In England, a t  
the time of the change, the o5cial year commenced 

(astronomy). 

Also, the marks so placed. 



26 U. S. COAST AND 

on March 25, so that  March 24, 1730 (0. 5.) corre- 
sponded to Apr?l 4, 1731 (N. S.), but the next day 
was March 25, 1731 (0. S.) or April 5, 1731 (N. S.). 
This practice was not universal, for there was some 
popular use of January 1 a s  the beginning of the 
year. 

double meridian distance.-See under meridian dtstance. 
double zenith distance.-See under zenith distance. 
doubly azimuthal map projection,-See under map pro- 

draconitic (nodical) month.-See under month. 
drag (theodolite).-A slight movement Of the  graduated 

circle of a theodolite produced by the  rotation of the 
alidade. 

Drag may be due to excessive friction in the 
instrument centers, t o  undue tolerance in the fit 
of the  centers, or to instability i n  the instrument 
s ~ p p o r t s .  

jection. 

dummy pendulum.-See under pendulum. 
dumpy level.-See under leveling instrument. 
duplex base-line measuring app8ratus.-See under ba8e 

duplicate level line.-See under level %ne. 
dynamic correction.-Tbe quantity t h a t  m m t  be added 

to the orthometric elevation of a point to obtain 
its dynamic number. 

apparatus. 

dynamic map.-See under map. 
dynamic number.-The work required to raise a unit 

mass from sea level to  a given point, expressed in 
absolute units. 

GEODETIC SURVEY 

For all points in a given level surface the  dynamic 
number is the same, and is not very different from 
the height (in the unit chosen) of any point in  the 
surface. In  the metric system, the dynamic number 
of a point is the work required to raise a mass of 1 
kilogram against the force of gravity from sea level 
to the level surface passing through the point, the  
work being measured in standard kilogram-meters at 
sea level in latitude 45". In  the English system, the 
pound and standard foot-pound are  employed instead 
of the meter and standard kilogram-meter. 

dmamic temperature correction (pendulum) .-The cor- 
rection to the observed period of a pendulum for the 
rate of change of its temperature. 

The dynamic temperature correction is definitely 
related to the type of pendulum apparatus used, and 
is dependent especially on the mounting of the 
thermometer and the shape of the pendulum. It 
may vary not only in magnitude but may even change 
sign when the type of apparatus is changed. 

dme.-A force which, acting on a mass of one gram, 
imparts to  t h a t  mass a n  acceleration of one centi- 
meter per second per second. See gal. 

The dyne is the unit of force of the c. g .  8. system 
of units. Until about 1930, the dyne was used by the 
U. 9. Coast and Geodetic Survey in stating values 
Of gravity. Since that  time, gravity has been re- 
Ported in terms of the gal, the c. g. s. unit of accel- 
eration. 

E 
easement curve.-See under curue. 
ensting.-See under departure (plane surveying). 
eccentric object observed.-See under eccentric signal. 
eccentric reduction (triangulation).-The correction 

which must be applied to a n  observed direction made 
with instrument or signal, or  both, eccentric, to 
reduce the observed value to what it would have been 
if there had been no eccentricity. 

eccentric signal.-A signal (target) which is not in the 
same vertical line with the  station which it repre- 
sents. 

An observed direction to a n  eccentric signal is 
reduced by the application of a computed correction 
to what  it would be if the signal were in the same 
vertical line with the station center which it repre- 
sents. See center: reduction t o  center. The eccen- 
tric. signal is known as  the eccentric object observed. 

eccentric station.-A survey point over which a n  instru- 
ment is centered and observations made, and which 
is not in  the same vertical line with the station 
which it represents and to  which the observations 
will be reduced before being combined with obser- 
vations at other stations. 

I n  general, a n  eccentric station is established and 
occupied when it is impracticable to  occupy the sta- 
tion center, o r  when i t  becomes necessary in order to 
see points which are not visible from the station 
center. As the data resulting from the occupation 
of a n  eccentric station a re  referred to the station 
center, which should be marked with a permanent 
monument, the mark a t  an eccentric station is usually 
of a temporary character. See center: reduction to 
center. 

eccentricity.-Amount of deviation from a center. 
See eccentricity of instrument; eccentric station; 

eccentricity of alidade. 

eccentricity (surveyor's compass) .-An effect due to one 
or a combination of the following conditions: a 
straight line through the  ends of the magnetic 
needle fails to pass through the center of rotation 
of the needle ; the center of rotation of the needle is 
not coincident with the center of figure of the grad- 
uated circle; the line of sight fails to pass through 
the vertical axis of the instrument. 

eccentricity of alidade.-The distance between the ren- 
ter of figure of the index points on an alidade and the 
center of figure of the graduated circle. 

The index points (of vernier o r  micrometer micro- 
scope) are  carried by the alidade, and any eccentric- 
ity of alidade combines with eccentricity of circle to  
form eccentricity of  instrument. 

eecentricity of e i rc le .4he  distance between the center 
of figure of a graduated circle and its center of rota- 
tion. 

Eccentricity of circle is usually expressed in terms 
of i ts  equivalence in seconds of arc on the circle. It 
may be made quite small by instrument-shop adjust- 
ment. I t s  effect on a n  observed direction is elimi- 
nated by reading the circle at equidistant points 
around its circumference. See eccentricity of instru- 
ment. 

eccentricity of ellipse.-The ratio of the  distance be- 
tween the center and a focus of a n  ellipse to  the 
length of its semi-major axis. 

The semi-major and semi-minor axes are repre- 
sented by a and b, respectively, and the eccentricity 
by e, then 

e= JT. a' - bs 
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eccentricity of instrument.-The combination : eccentric- 

i t y  of  circle and eccentricity of alidade. 
The effect of eccentricity of instrument on an 

observed direction is eliminated by having the ver- 
niers or micrometer microscopes with which the circle 
is read spaced at equal distances around the circle. 

eccentricity of spheroid of revolution.-The e c c e n t k i t y  
of an ellipse forming a meridional section of the 
spheroid. 

eclipse.-1. The reduction in visibility or disappearance 
of a non-luminous body by passing into the shadow 
cast by another non-luminous body. 2. The appar- 
ent cutting off, wholly or partially, of the light from 
a luminous body by a dark body coming between it 
and the observer. 

1. The first type of eclipse is exemplified by a 
lunar eclipse, the moon passing through the shadow 
cast by the ear th ;  or by the  passage of a satellite 
into the shadow cast by its planet; but when the 
satellite actually passes directly behind i ts  planet, 
it may properly be termed an occultation. 

2. The second type of eclipse is exemplified by a 
solar eclipse, caused by the moon passing between 
the sun and the earth. If the relative positions 
and distances a re  such t h a t  at a point on the earth 
the sun is  completely obscured, the eclipse is  total ; if 
the distances are  such t h a t  when in line with the 
sun, the moon is surrounded by a ring of light, the 
eclipse is annular ; and when the moon passes to one 
side of a straight line from sun to  observer, and 
shows a crescent of light, it is a partial eclipse. 

ecliptic.-The great circle of the  celestial sphere traced 
by the plane of the earth's orbit (path of center of 
gravity of earth-moon system). 

The ecliptic represents very closely, but not ex- 
actly, the apparent path of the sun in the sky. The 
points in  which the ecliptic intersects the celestial 
equator are  the  equinozes, and the angle of intersec- 
tion is the obliquity of the ecliptic. 

ecliptic: obliquity of the.-The acute angle of intersec 
tion between the ecliptic and the celestial equator. 

The obliquity of the ecliptic is slightly less than 
23%' and is decreasing at the rate  of about per 
year. 

Egault level.-See under leveling instrument. 
elevation.-The vertical distance of a point above or 

below a reference surface or datum. 
I n  the fundamental horizontal control survey of 

this  country, the datum for  elevations is mean seo 
level. 

elevation: adjusted.-The elevation resulting from the 
application of a n  adjustment' correction to an ortho- 
metric elevation. Also the elevation resulting from 
the application of both an orthometric correction and 
an adjustment correction to  a preliminary elevation. 

elevation: field.-An elevation taken from the field 
computation of a line of levels. 

elevation: fixed.-An elevation which has been adopted, 
either a s  a result of tide observations or previous 
adjustment of spirit leveling, and which is held at 
i t s  accepted value in any subsequent adjustment. 

elevation: orthometric.-A preliminary elevation to 
which the orthometric correction has been applied. 

elevation: preliminarr.-An elevation arrived at in  the 
omce after the  index, level, rod, and temperature 
corrections have been applied to the observed dif- 
ferences of elevation and new elevations have been 
computed. 

elevation: standard.-An adjusted elevation based on 
the Sea Level Datum of 1929. 

ellipse: eccentricity of.-See under eccentricity of ellipse. 

ellipse : ellipticity of.-See under ellipttclty of ellipse. 
ellipsoid.-See under spheroid. 
ellipsoid: triaxial-An ellipsoid having three unequal 

axes, the shortest being i ts  polar axis, while the two 
longer ones lie in the plane of its equator. See 
gravity formula, longitude term. 

elliptic arc: plane.-See plane elMptic arc. 
ellipticity of an ellipse.-The ratio between the difference 

in length of the semi-axes of an ellipse and i ts  semi- 
major axis. 

The semi-major and semi-minor axes a r e  repre- 
sented by a and b, respectively, and the ellipticity 

by E, then ,=e. The ellipticity of the sphe- 

roid, referring io the earth, is called the flattening 
of the earth, or its compression, and is also repre- 
sented by f. 

ellipticity of the spheroid.-See under pattm6ng of the 
earth. 

engineering map.-See under map. 
engineering survey.-See under survey. 
ephemeris.-A statement presenting positions and r e  

lated data for a celestial body for given' epochs 
(dates) a t  uniform intervals of time. Also a publi- 
cation containing such data for a number of celes- 
tial bodies. 

Such a publication is the  American Ephemeris and 
Nautical Almanac : this contains for  specified in- 
s tants  of time the numerical values of coordinates 
of the principal celestial bodies referred to  circles 
whose positions are independent of the diurnal 
rotation of the earth ; also the elements of the posi- 
tions of the reference circles, and numbers used in 
computing the effects upon those coordinates of 
changes in  the position of a n  observer ; and in gen- 
eral, a l l  those phenomena relating to the heavenly 
bodies which may be regarded as  functions of time. 
While custom has approved the use of the singular 
form, ephemeris, to designate a publication contain- 
ing data relating to a number of celestial bodies, 
where specific mention is made of those bodies, the 
plural form, ephemerides, is used; for example, the 
ephemerides of the planets. For a single body, the 
singular form is used : for example, the ephemeris 
of the sun. 

equal-area (authalic) latitude.-See under Zatitude. 
equal-area map projection.-See under map projection. 
equation: angle.-A condition equation which expresses 

the relationship between the sum of the measured 
angles of a closed figure and the theoretical value of 
that  sum, the unknowns being the corrections to the  
observed directions or angles, depending upon which 
a re  used in the adjustment. 

Sometimes called a triangle equation, an angle 
equation is used to make the sum of the three ob- 
served angles of a triangle, with correct6ons ap- 
plied, equal to 180' plus the spherical ewe88 of the 
triangle. 

equation: azimuth.-A oondit4on equation which ex- 
presses the  relationship between the fixed azimuths 
of two lines which a re  connected by triangulation 
or traverse. 

When a survey (triangulation or traverse) con- 
nects two lines whose azimuths are fixed by direct ob- 
servation or by previous surveys, a n  azimuth equa- 
tion is used to  make the azimuth of either line as 
computed through the adjusted survey from the other 
line agree with i ts  azimuth as  previously fixed. 

equation: condition-An equation which expresses ex- 
actly certain relationships that  must exist among 
related quantities, which are  not independent of one 
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another, exist a priori, and are  separate from rela- 
tionships demanded by observation. 

Example: in measuring the angles of a triangle, 
no condition exists until all three angles are  meas- 
ured. The condition equation will then express the 
condition tha t  the three measured angles plus cer- 
ta in  corrections must equal 180" plus the Spher.loal 
ercess of the triangle. The various condition eaua- 
tions set up in survey work are  defined under terms 
which a re  descriptive of the conditions: as, angle 
equation, side equation, length equation, latitude 
equation, longitude equation, azimuth equation. 

equation: correlate.-*- equation derived from an ob- 
servation or condition equation, employing unde- 
termined multipliers, and expressing the condition 
t h a t  the sum of the squares of the residuals (or cor- 
rections) resulting from the application of these mul- 
tipliers to the observation o r  condition equations 
shall be a minimum. 

In the least-squares adjustment of triangulat{on, 
correlate equations are  formed directly from the ob- 
servation or  condition equations, there being as many 
correlate equations as there a r e  cowections to  be d e  
termined, but only as  many undetermined multipliers 
(correlates or  correlatives) as there a re  observation 
or  condition equations. From these correlate eqna- 
tions, the normal equations are  formed, equal in 
number to the undetermined multipliers which con- 
stitute the unknowns in the normal oquations. The 
solution of the normal equations determines values 
for  the multipliers which, when substituted in the 
correlate equations, give values for the corrections 
which will satisfy the observation or condition equo- 
tions, make the observations and their functions con- 
sistent among themselves, and a t  the same time make 
the  adjusted values the  most probable t h a t  can be 
derived from the given observations. 

equation: .error.-The probability equation which ex- 
presses the laws of the occurrence of accidental 
errors. 

The error equation is the basis of the method 
of least squares, used in the adjustment of  obser- 
vations for determining the  most probable value of 
a result from those observations. 

equation: Laplace.-See under Laplace equation. 
equation: latitude.-A condition equation which ex- 

presses the relationship between the fixed latitudes 
of two points which a re  connected by triangulation 
or t r a u e r s ~  

When a survey (triangulation or traverse) con- 
nects two points whose latitudes have been flxed 
by direct observation or  by previous surveys, a lati- 
tude equation is used to  make the latitude of either 
point as computed through the survey from the 
other point agree with its latitude as previously 
fixed. 

equation: length.-A condition equation which expresses 
the relationship between the fixed lengths of two 
lines which a re  connected by triangulation. 

When a section of triangulation connects t w o  
lines whose lengths a re  flxed by direct measurement 
o r  by previous triangulation, a length equation is 
used to make the length of either line a8 computed 
through the adjusted triangulation from the other 
line agree with its length as previously fixed. 

a m t i o n :  longitude.-A condition equatlon which ex- 
presses the relationship between the fixed longitudes 
of two points which a re  connected by triangulation 
or traverse. 

When a survey (triangulation or traverse) con- 
nects two points whose longitudes have been fixed 

by direct observation or by previous surveys, a 
longitude equation is used to make the longitude 
of either point a s  computed through the survey from 
the other point agree with ita longitude as previously 
flxed. 

equation: normal-An equation derived from observa- 
tion or  condition equations or  from cowelate equa- 
tions, expressing the condition tha t  the sum of the 
squares of the residuals (or cowections) resulting 
from the substitution in the  observation or condition 
equationa of factors obtained from the normal equa- 
tions either directly or through the correlate equa- 
tions shall be a minimum. 

In a least-squares adjustment, corrections are  de- 
sired to observed values which a re  connected to- 
gether by a series of ObsWVatiOn or condition equa- 
tions, the number of such equations being smaller 
than the number of observed values on which they 
depend. The basic equations a re  transformed into 
normal equations, either directly or  through the me- 
dium of cowelate equationa, which express the con- 
dition stated above and which contain the  same 
number of unknowns a s  there a re  equations. Fac- 
tors obtained from the solution of normal equations, 
either directly or through the cowelate equations, 
are  applied to  the observation or condition equations 
to obtain the desired cowections. 

equation: observation.-A condit{on equation which con- 
nects interrelated unknowns by means of a n  ob- 
served function. 

Example : An angle equation: the unknowns are  
the  cowections to the observed angles; the  function 
is the sum of those Observed angles expressed as a 
closing error. 

Alternate deflnition : A condition equation con- 
necting the function observed and the unknown 
quantity whose value is  sought. 

equation: perpendicular (traverae)-A condition equa- 
tion to reduce to zero the algebraic sum of the pro- 
jections of the separate lines of a traverse upon per- 
pendiculars to  a fixed line with which the traverse 
forms a closed flgure. 

The perpendicular equation and the  azimuth 
e9Uation together provide for the removal of er- 
rors of  closure of a traverse which forms a loop with 
some fixed line such a s  a line of adjusted triangula- 
tion, by determining corrections to  the observed 
angles of the traverse. The projections of the lines 
of the traverse upon lines which a r e  perpendicular 
to  a fixed line correspond to  departures of those llnes 
when the flxed line is considered the meridian of 
reference. 

equntion: side.-A conditbn equat{on which expresses 
the relationship between the various sides in a trC 
angulation flgure as they may be derived by compu- 
tation from one another. 

A side equation is used to make the computed 
length of a triangle side the same for all routes 
through the triangulation whereby it may be de- 
rived. 

equation of time.-See under t h e .  
equator: astronomic.-The line on the surface of the  

earth whose astronomic latitude at every point is 0'. 
Also termed the terrestrial equator. 

Due to the deflection of the plumb line, the  as- 
tronomic equator is  not a plane curve. However, the 
verticals a t  all points on it are  parallel to one and the 
same plane, the plane of the  celesttal equator; that 
is, the  zenith at every point on the  astronomic equa- 
tor lies in the celestial equator. 
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equator: celestial-The great circle on the celestial 
ephere whose plane is perpendicular to  the axis 
of rotation of the earth. 

In astronomic work, because parallel lines meet 
at infinity, the plane of the celestial equator is 
sometimes assumed to pass through the point of ob- 
servation. 

equator: geodetic.--The circle on the spheroid midway 
between its poles of revolution. 
’ The geodetic equator is the line of 0” geodettc ZatC 

tude, from which geodetic latitudes are  reckoned, 
north and south, to  90” a t  the poles. The plane of 
the geodetic equator cuts the celestial sphere in a 
line coinciding with the celestial equator, because 
the axis of the spheroid of reference is by defini- 
tioh parallel to the axis of rotation of the earth. 

equator: terrestrial.-See under equator: astronomio 
equator. 

equatorial horizontal parallax.-See under paraZla9: 
diurnal parallas. 

equatorial intervals.-The angles, expressed in units of 
time, between the various lines which compose the 
reticle of a n  astronomical transit and the mean 
position of tho<e lines. 

The equatorial interval for a given line of a 
reticle is equal to  the time interval required for 
the image of a s tar  on the equator (declination, 0 ” )  
to  travel from the line in question to the mean line 
of the reticle, or from the mean line to the line in 
question, the instrument being adjusted in the merid- 
ian. In time determinations with a n  astronomical 
transit, equatorial intervals are  used in reducing in- 
complete observations’ to a mean value. 

cquianmIar spiral.-See under rhumb Une. 
equiangu1ator.-An ostrolabe. 
equinoctial colore.-See under colure. 
equinox.-A point of intersection of the celeetlol 

equator and the ecliptic. 
There are  two equinoxes: the vernal equinos, 

apparently traversed by the sun a t  the beginning of 
spring ; and the autumnal equinos, apparently trav- 
ersed by the sun at the beginning of autumn. 

equinox: autumnal.-The point of intersection of the 
celestial equator and the ecliptic, apparently trav- 
ersed by the sun in passing from north to  south. 

equinox: vernal.-The point of intersection of the celes- 
tial equator and the ecliptic, apparently traversed by 
the sun in passing from south to north. 

The vernal equinox is also called the “first point 
of Aries” and “first of Aries.” It is  the point from 
which right ascension is reckoned along the celestial 
equator and celestial longitude along the ecliptic. 
The position of the t rue equinos is affected by pre- 
cession and nutation, while the position of the mean 
equinom is affected by precession but not by nutation. 
See day: sidereal; time: sidereal. 

equipotential surface (geodesy) .-A surface having the 
same potential of gravity a t  every point. 

Having the same potential of gravity a t  every 
point, no work is done when a body is moved about 
in  such a surface. When bodies of the same ma88 
a r e  moved from one equipotential surface to another, 
the same amount of energy is developed or expended, 
accordingly as the bodies are lowered or raised, and 
regardless of the route followed. I n  lifting a unit 
mass from sea level to any other specified equi- 
potential surface, the amount of work required is 
the  same a t  the equator a s  at the poles: at the 
equator the  height of any equipotential surface above 
eea level is greater and the force of gravity a t  that  
surface less than for the same eouipotential surface 

- 

surface. A particular equipotential surface is iden- 
tified by i ts  dynamic number. 

equivalent map projection.-See under map projection: 
equal-area map projection. 

error (general).-The difference between an observed 
or calculated value of a quantity and the  ideal or 
true value of that  quantity. 

Since the ideal or true Value of a quantity, with 
few exceptions (see below), cannot be known with 
exactness, the term error is applied to a difference 
between a n  observed or calculated value of a quan- 
tity and some value determined by established pro- 
cedure and used in  lieu of the ideal or t rue  value. 
Exceptions: the ideal or true value of a quantity 
can be known with exactness when it is ( a )  mathe- 
matically determinable, independent of observation, 
as  for example, the sum of the three angles of a 
plane triangle is 180” ; and (b) when it is a conven- 
tional value established by authority, as for ex- 
ample, the length of the meter (unit) defined by the  
International Prototype Meter a t  the International 
Bureau of Weights and Measures. Errors  are of 
various kinds, depending upon how and where they 
originate. The term error with appropriate adjec- 
tive or qualifying clause is used to  designate the 
kind of error : as, accidental error, error of obeervo- 
tion, etc. 

error: accidental.-& error, sometimes designated as 
an irregular error, produced by irregular muses 
whose effects upon individual observations are gov- 
erned by no fixed law connecting them with circum- 
stances and which therefore can never be subjected 
to a priori computation. 

Theoretically, an accidental error is composed 
of a n  infinite number of independent infinitesimal 
errors, all of equal magnitude, each as likely to be 
positive a s  negative. In practice, a n  accidental 
error is composed of a n  indefinitely large number of 
elemental errors, each as a p t  to  be positive as 
negative. 

It is upon the probabilities expressed in t h e  above 
definition tha t  the principle of least squares is based ; 
and it is  to  the elimination of accidental errors 
only tha t  least squeres may properly be applied. 

error: average.-The mean of all the m o r 8  taken with- 
out regard to  sign. 

Average error is sometimes defined a s  the  mean 
without regard to sign of the mean of the plus errors 
and the mean of the minus errors. Since there will 
be about the same number of plus errors as of minus 
errors in a well-balanced series of observations, the 
two methods of obtaining the average error will 
give practically the same rzsult. In  computing the 
average error, the residual errors (residuals) a re  
used. 

error: clamping.-A systematic error in observations 
made with a repeating theodolite due to strains eet 
up by the clamping devices of the instrument. 

error: constant.-A systematic error which is the same 
in both magnitude and sign through a given series 
of observations. 

Constant errors a re  sometimes considered a s  form- 
ing a class distinct from eystematic errors, but the 
distinction is unimportant, and in practice constant 
errors are  treated as a type of systematic error. 
A constant error tends to have the same effect upon 
all the observations of the series or portion thereof 
under consideration, and therefore does not  usually 
have any influence on the computed probable error 
of the series. An example of a constant error is the 
index error of a precision instrument. 

error: externallsee under error: theoretical (or a- 
at the poles. An equipotential-sirface is a ZeveZ ternal) error. 



U. S. COAST AND GEODETIC SURVEY 

error: instrumental.-A systematic error arising from 
imperfect condition of the instrument used. 

Instrumental  errors may arise from conditions 
t h a t  a re  constant with a n  instrument, as errors of 
graduation of a circle ; or they may arise from lack 
of complete adjustment of some par t  of the instru- 
ment, as the  error of collimation. Instrumental er- 
rors a r e  susceptible of laboratory determination : 
they may be eliminated from a result by a suitable 
program of field procedure. 

error: mean.-See under error: mean-square error. 
The use of mean error should be avoided because 

of possible confusion with average error, which has 
a different meaning. 

error: mean of the errors.-See under m o r :  average 
error. 

The use of mean of the errors should be avoided 
because of possible confusion with mean error, which 
has  a different meaning. 

error: mean-square.-The quantity whose square is 
equal to  the  sum of the squares of the individual 
errors divided by the number of those errors. 

I n  the  computation of the mean-square error from 
observations of unequal weight, account must be 
taken of t h e  weights. I n  practice, residual errors 
are  used i n  determining a mean-square error. The 
use of mean error, i n  place of mean-square error, 
should be avoided, because of possible confusion with 
average error which has  a different meaning. 

error: parallactic.-An error due to personal or  Instru- 
mental parallax. 

error: personal.-A systematic error caused by an ob 
server’s personal habits in making observations, or 
due to  his tendency to react mentally and physically 
i n  t h e  same way under similar conditions. 

A systematic error arising from personal habits of 
an  observer, such as standing in the  same position 
relative to  the end of a tape when measuring the 
length of a line, may be eliminated from a result 
by a n  observing program (shift of position) which 
makes the error positive for  half of the observations 
a n d  negative for  the remainder of the observations. 
See parallax: instrumental. 

A systematic error arising from the mental or 
motor reaction of an observer t o  the sensory percep- 
tion of a phenomenon may be eliminated from a re- 
su l t  either by a n  observing program which neutralizes 
positive values with negative values, or by deter- 
mining the  size and sign of the error by some me- 
chanical means. In  the  determination of time, the 
personal error is termed personal equation. 

error: probable.-A quantity of such size t h a t  the 
probability of the  occurrence of a n  error larger than 
t h a t  quantity is the same as the probability of the 
occurrence of a n  error of lesser magnitude. 

If the errors in  a series of observations be ar- 
ranged in  order of magnitude without regard to  sign, 
and  if the  series be indefinitely large, the  probable 
error  will 5t the middle place in tha t  list of errors. 

Expressed in  another way, the probable error of 
a result is a quantity such tha t  the  probability that  
a second determination obtained under the same con- 
ditions as the 5rst will differ from the first deter- 
mination by less than the probable error is the same 
as the probability tha t  such difference will be greater 
than  the  probable error. 

The probable error of the  result of a series of ob- 
servations is a function of the accidental errors at- 
tending the  individual observations of the series. 
A systematic error may often remain in  the series 
with little effect on t h e  size of the probable error. 
Probable error does not mean an error that is more 

ap t  to  occur than a n  error of any other size. The- 
oretically, a probable error is derived from the errors 
in a n  indefinitely large series of observations; in  
practice, a probable error is calculated from the  
residual errors in a series of limited length. Prob- 
able errors are useful in comparing the accuracg of 
similar observations, and serve as criteria i n  pre- 
scribing degrees of accuracy and precieion t o  he at- 
tained. 

error: residual.-The difference between any value of 
a quantity in a series of observations, corrected for  
known systematic errors, and the value of the quan- 
tity obtained from the combination or adjustment 
of t h a t  series. 

Residual errors correspond to  the corrections ob- 
tained in a least-squares adjustment. They are 
sometimes called simply errors, and sometimes resid- 
uals. The la t ter  term is generally used in referring 
to actual values in a specific computation. I n  prac- 
tice, it is the  residual errors which enter into a 
computation of probable error. 

error: srstsmatic.-An error whose algebraic sign and, 
to some extent, magnitude bear a fixed relation to  
some condition or set  of conditions. 

In  its broadest sense, the  term systematic error  
includes constant errors. Under similar conditions, 
systematic errors tend to be repeated ; if the  condi- 
tions do not change, the error will be constant. The 
inclusive definition is preferred. 

Systematic errors are regular, and  therefore a r e  
subject to a priori determination. They are  gener- 
ally eliminated from a series of observations by a 
suitable observing program or by computation, before 
the application of least-squares for  the elimination 
or reduction of accidental errors. Systematic errors 
are  divided into theoretical or external errors, instru- 
mental errors, and personal errors, according t o  their 
origin and nature. 

error: theoretical (or external).-A systematic error aris- 
ing from natural  physical conditions, outside t h e  
observer. 

Theoretical errors a re  exemplified by the effect of 
atmospheric refraction in spirit leveling; by the 
changes in  the length of a tape due to its thermal 
expansion ; by the effects of atmospheric pressure 
on elevations determined with a barometer. Theoret- 
ical errors may be controlled to some extent by 
making observations only when natural conditions 
a re  favorable, as measuring the length of a line with 
a steel tape at night or in cloudy weather. 

Theoretical errors are  determined by means of 
formulas and observed data  obtained especially for  
the purpose, as determining the length of a metal 
tape by suitable formula using the c o d c t e n t  or 
thermal expansion and the observed temperature of 
the tape. 

error: true.-See under error (general). 

above ; i ts  use should be avoided. 
error equation.-See under equation. 
error of closure.-The amount by which a value of a 

quantity obtained by surveying operations fails to  
agree with another value of the same quantity held 
5xed from earlier determinations or with a theoreti- 
cal value of the quantity. 

See error of  closure, traverse; error or closure, 
triangle; error of closure, levels; error of closure, 
horizon. 

error of closure. angles.-The amount by which the  a c  
tnal sum of a series of angles fails to equal the  
theoretically exact value of tha t  sum. See error 
or closure of hodzon; error of closure of triangle. 

True error corresponds to  error (general) de5ned 
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error of closure in azimuth.-The amount by which two 
values of the azimuth of a line, derived by different 
surveys or along different routes, fail to  be exactly 
equal to each other. 

Generally, one value is derived by computations 
carried through the survey (triangulation or traff- 
erse) ; the  other is a n  adjusted or fixed value deter- 
mined by a n  earlier or a more precise survey, or by 
independent astronomical observations. 

error of closnre in leveling.-The amount by which two 
values of the elevation of the same bench mark, 
derived by different surveys or through differeht 
survey routes or by independent observations, fail 
to be exactly equal to each other. 

The closure may be developed in a line of leveling 
which s tar ts  and ends on different bench m a r h  
whose elevations are  held fixed; or it may start 
and close on the same bench mark. 

error of closnre of horizon.-The amount by which the 
sum of a series of horizontal angles measured be- 
tween adjacent lines in a complete circuit of the 
horizon fails to equal exactly 360". See horizon: 
Ohsing the horl#ofl. 

error of closure of triangle.-The amount by which the 
sum of the three observed angle8 of a triangle fails 
to  equal exactly 180" plus the spherical ewce88 of 
the triangle. See equation: angle equation. 

error of closure, traverse.-The amount by which a value 
of the position of a traverse station as obtained 
by computation through a traverse fails to agree 
with another value of the  same station as deter- 
mined by a different set of observations or route 
of 8urvey. 

The traverse may run between two stations whose 
poeitiona are held flxed, or it may s ta r t  from and end 

F 
factor: conversion.-That factor by which the numerical 

value of a measurement made in one system of 
units must be multiplied to  arrive a t  the numerical 
value of the same measurement in  another system 
of units. 

Fahrenheit scale.-A temperature scale in which 82' 
marks the freezing point ahd 212" the  boiling point 
of water a t  760 mm. barometric pressure. 

falling (United States pnblic-land surveys) .*-The dis- 
tance, measured along a n  established line from i ts  
intersection with a random line, to  a corner on 
which the random line was intended to  close. 

fathometer.-An echo-sounding instrument used for 
depth measurements in water. 

For descriptions of several types of fathometers, 
see U. S. Coast and Geodetic Survey Special Pub- 
lication No. 143, Hydrographic Manual. 

fiducial mark.-An index line or point. A line or point 
used as  a basis of reference. 

field elevation.-See under elevation. 
field position.-See under position. 
figure of the earth.-See under geoid, spheroid. 
finder circle.-A small vertical circle with coarse gradu- 

ations ahd accessory spirit level of low sensitivity 
attached to a n  astronomical telescope in a plane 
perpendicular to its horizontal ash, and used in 
placing the telescope in approximate position for 
observing. 

With a computed altitude a t  the proposed time 
of observation, the telescope is pointed in the direc- 
tion of the object t o  be observed; wheh that object 

on the same station. In either case there are two 
values for the position of the final s ta t ion;  one 
known before the traverse was computed, t h e  other 
obtained by computations carried through the trav- 
erse; the  difference between these is the error of 
closure. It may be resolved into closure in lati- 
tude, and closure in longitude (or departure). The 
total closure is also spoken of as closure in position. 

error of collimation.-See under collimation. 
error of observation.-The difference between an ob- 

served value of a quantity and a value adopted a s  
representing the ideal or t rue value of that  quantity. 

Errors of observation are  composed of either one 
or  both of two general classes of error; accidental 
errors and systematic errors. Sometimes constant 
m o r 8  are  considered as forming a third class, but 
more often these a re  treated as belonging with t h e  
systematic em-ors. Errors of observation are also 
classified for study according to  their origin, as 
theoretical errors or ewternal errors, instrumental 
errors, and personal errors. The algebraic sign of 
an error of observation is determined f r o m  the 
equation : error=observed value-adopted ideal 
value. 

The sign of the ewor is opposite that  of the  corre- 
sponding correction. 

existent comer (United States public-land surveys).-See 
under corner. 

erplement of angle.-See under angle. 
exploratory snrvey.-See under survey. 
exterior angle.-See under angle. 
extra foresight.-See under foresight. 
eyepiece micrometer.-See under micrometer: ocular. 

comes into the field of view, the flnder circle will 
have served its purpose, and the observationa will 
be made with the more precise apparatus provided 
for the purpose. 

finder telescope.-A small telescope of low power and 
wide angular field of view, attached to and parallel 
with a larger telescope of much higher power and 
very restricted field of view, and used in pointing 
the larger telescope a t  a celestial object. 

The finder telescope serves a s  a sighting device; 
a celestial object is easily sighted in the finder tele- 
scope, and brought to  the center of its retiols, 
when it will be visible in the  large telescope also. 

first-order bench mark.-See under bench mark. 
firsborder control surveys.-See under first-orcler wora 

first-order level.-See under leveling instrument. 
first-order leveling.-See under leveling. 
first-order traverse.-See under traverse. 
first-order triangulation.-See under triangulation. 
first-order work (control surveys) .-The designation 

given survey work of the highest prescribed order 
of precision and accuracy. 

Such survey8 were formerly called primary; in 
1921, representatives of the various Federal map- 
making and map-using organizations changed the 
designation to precise; and ih 1925, the  Federal 
Board of Surveys and Maps adopted the present 
designation (flrst-order), and established standard8 
for it by prescribing criteria for acceptable work 
See under triangulation; leveling. 

(control gurveys). 
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Weher level.-See under leveling {nstrument. 
&.-The position on a map of a point of observation 

Also, the act  of 

&ed elevation.-See under elevation and also position: 

fired position.-See under posU&n: adjusted. 
flare triangulation.-See triangulation: Pare. 
flash apparatus.-An auxiliary apparatus used in  timing 

a pendulum during observations for intensity of 
gravity. 

The flash apparatus used in pendulum observa- 
tions is composed of a telescope for observing, an 
electric light for illumination, and a n  electro-magnet 
which is operated by a break-circuit chronometer and 
which controls a system of shutters admitting perf. 
odic flashes of light into the receiver and onto the 
mirror of the pendulum whence they are  reflected 
back into the telescope, and coincidences between 
penduhtm and chronometer observed. 

flattening (of the earth).-The ratio of the difference 
between the equatorial and polar radii of the earth 
(major and minor semi-axes of the spheroid) and 
its equatorial radius (major semi-axis). 

The flattening of the earth is the ellipticity of the 
spheroid and equals the ellipticity of an ellipse form- 
ing a meridional section of the spheroid. If a and b 
represent the major and minor semi-axes of the 
spheroid, and f is t h e  flattening of the earth, 

a 
The magnitude of the  flattening is sometimes ex- 

pressed by stating the numerical value of the recip- 
rocal of the flattening, -% The flattening of the 
ear th  is also termed i t s  compression. 

flexure (pendulum).-The bending of a swinging pendu- 
Zum, due to its lack of perfect rigidity. 

The effect of the bending of a swinging pendulum 
due t o  its lack of perfect rigidity is to increase the 
period of vibration; t h a t  is, the  flexible pendulum 
swings less rapidly than the rigid pendulum. The 
effect may be regarded either as due to the change 
in  t h e  moment arm of the various par ts  of the 
pendulum a s  it bends, or to  energy storage in the 
bent pendulum. 

The effect of the bending is to  increase the period 
of vibration in both positions of the reversible 
pendulum. The sign of the resulting correction de- 
pends upon the exact geometrical construction of the 
pendulum. I n  relative determinations of gravity, 
account fs not taken of the  bending of the pendu- 
lum, but  the term flexure is applied to  the move- 
ment of the pendulum support, communicated to it 
by the  swinging pendulum. See flexure (pendulum 

flexure (pendulam support).-The forced movement of a 
pendulum support caused by the motion of the swing- 
ing pendulum. 

The horizontal component of the  force acting on 
t h e  knife edge of a swinging pendulum causes the 
support to move in unison with the pendulum, 
thereby affecting the period of its vibration. Though 
very small, th is  flexure of the pendulum support 
necessitates the application of a correction to the 
pendulum period. There are  several methods of 
ascertaining the amount of the pesure, of which two 
have been used in  the work of the U. S. Coast and 
Geodetic Survey: the static method, by which the 
displacement caused by a known force is measured 
in  linear units: and the optical method, using an 

’ hterferometer to measure the actual displacement 

obtaihed by surveying processes. 
determining such a position. 

adjusted. 

a-b f= -. 

a-b* 

8UppOd). 

in terms of wave lengths of light. The term flewre 
is also applied to the bending of a swinging pendu- 
lum, account of which is taken in absolute deter- 
minations of the value of gravity. See flewre 
(pendulum). 

focal length.-See under focus (lens). 
focun (lens).-The point to  which rays of light con- 

verge after passing through a lens system. 
If the incident rays a re  parallel they come to a 

focus in the (primary) focal plane, and i t  is the  
distance along the axis of the lens system from the 
second nodal point of the lens to  this plane which is 
called the  focal length of the lens. 

focus: sidereal.-The position of the principal focal 
plane of a lens system. 

A camera or  telescope is said to be in sidereal focus 
when incident rays from a great distance come to  a 
focus in  the plane of the photographic plate or of 
the reticle. Sometimes called the solar focus. 

foot.-A unit oj  length equal to  12 Jnchee exactly or 
to one-third of a yard. 

foot plate (leveling).-A disk of metal used as a rod 
support a t  a turning point in leveling operations. 

One type of foot plate had a rod point, such as 
a knob, attached to its upper side, while the lower 
side had small projections to prevent lateral motion 
of the foot plate when it was pressed against the 
ground. In another type, the upper surface of the 
foot plate was dish-shaped (concave). The use of 
foot plates as rod supports has been superseded by 
metal pins driven flrmly into the ground. 

foresight (general).-A sight on a new survey point, 
made in  connection with its determination; or a 
sight on a previously established point, to close a 
circuit. 

foresight (1eveling)yA reading on a rod held on a point 
whose elevation it is intended to determine. 

The foresight may be on a point of unknown 
elevation, or on a previously established bench mark 
to close a circuit. Foresights are  sometimes called 
minus sights, a s  they a re  usually subtracted from 
the elevation of the instrument (H. I.) to obtain the 
elevation of the rod point. This is not always the  
ease, a s  the new point may be at a greater elevation 
than the instrument, as a mark on a wall, or a point 
on the roof of a tunnel. The term foresight is pre- 
ferred over minus sight. 

foresight: extra (leveling).--The rod reading made at an 
instrument station in a line of  leveb and on a 
leveling rod standing on a bench mark or other point 
NOT in the continuous line 01 levels. 

In spirit leveling there may be one or  more 
extra foresights from a single instrument station 
or set-up, but there can be only one backsight and 
one foresight from any one instrument station. 

forward azimuth.-See under azimuth: geodetlc. 
fourth-order traverse.-See under traverse. 
fractional section (United States public-land surveys).- 

fractional township (United States public-land surveys), 

free-air anomaly.-See under anomaly. 
free-swinging pendulam.-See under pendulum. 
French legal meter.-See under meter. 
fundamental tables: deformation of the geoid and its effect 

on gravity.-Tables giving the deformation of the 
geoid and its effect on gravity, computed for masses 
of unit density extending to various distances above 
and below the surface of the geoid. 

Fundamental tables serve a s  the basis for the 
preparation of special tables corresponding to par- 

See under section. 

See under township. 
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ticular assumptions respecting density, ieostaey, etc. 
Several such fundamental tables have been prepared, 
each designed for a particular effect : 

a). Fundamental Tables for Reducing Observed 
Gravity Values, by 0. Cassinis and P. Dore (1937) 
determine the direct effect on gravity of masses of 
unit density extending to various distances above 
and below sea level. This direct effect is known as 
the Hayford effect; it neglects the differences of 
ekvation between the Spheroid and the geoid. 

b). Fundamental Tables : The Deformation of the 
Qeoid and its Effect on Qravity (0. 8. Coast and 
Geodetic Survey Special Publication No. 199) by 
,Walter D. Lambert and Frederie W. Darling (1936) 

gal.-An acceleration of one centimeter per second per 
second. 

The gal is the unit of acceleration of the e. g. 8. 
system of units and, since about 1930, has been used 
by the U. S. Coast and Geodetic Survey in stating 
values of gravity. Before that date, the dyne, a 
unit of force, was used for the purpose. (The real 
unit was dyne/gram.) While the term gal has not 
been formally adopted by the International Asso- 
ciation of Geodesy, it is now in general use in those 
countries where gravity observations are being made. 
It is expressed symbolically by cm/secl A milligal 
is 0.001 gal. The term gal is not an abbreviation; 
it was invented to honor the memory of Galileo. 

ge1lndereduktion.-See terrain correction. 
general base map.-See under map: Topographic Map 

of the United igtates. 
general highway and transportation map.-See under 

map: Tra7b8pOrtatiOn Map of  the United States. 
general topographic map.-See under mo?,: Topographic 

Y a p  of the United Btates. 
general utility map.-See under map: Topographic map 

of the United Btates. 
general utility map of the United States.-See under map: 

Topographic Map of the Uwted Btates. 
general utility topographic map of the United States.- 

See under map: Topographic Map of the United 
Btatea. 

geocentric coordmates.-See under coordinates. 
geocentric latitude.-See under latitude. 
geocentric parallar.-See under parallam: d4urnd paral- 

geodesic.-A geodes& lhce. 
geodesic line.-A line of shortest distance between any 

two points on any mathematically defined surface. 
Also termed a geodesic. 

While, in geodetic work, a geodesic line on a sphe 
rold of reference is sometimes called a geodetic line, 
geodetic as applied to lines is going out of use, and 
geodesic is preferred. 

geodesy-The science which treats mathematically of 
the figure and size of the earth. 

The term geodesy is often used to include both 
the science which must depend upon determinations 
of the figure and size of the earth from direct meas- 
urements made on its surface (triangulation, leve2- 
Ing, astronomic and gravity determinations), and 
the art which utilizes the scienti5c determinations 
in a practical way and is usually termed geodetio 
eurveying or geodetic engineering. 

lam. 

determine the indirect effect of masses of unit den- 
sity extending to various distances above and below 
aea kvel;  this indirect effect is known as the Boroie 
eflect; it takes into account the differences of ekva- 
tion between the spheroid and the geoid. 

c ) .  Fundamental Tables for the De5ection of the 
Vertical (a  U. 8. Coast and Geodetic Survey publiea- 
tion now in press) by Frederic W. Darling give the 
horizontal effect (deflection of the vertical) of 
masses of unit density extending to various dis- 
tances above and below aea level. For mathematical 
development and formulas, see Bulletin Geodesique : 
No. 67, January-February-March 1938 and New 
Series No. 9, July 1, 1948. 

G 
geodetielsignifying basic relationship to the earth in 

which the curvature of its sea-level surface is taken 
into account. 
In horizontal control 8urvey8, the term geodetic 

is applied to operations and results based on the 
ellipsoid of revolution (spheroid). In spirit leveling, 
elevations are referred-or intended to be referred- 
to the geoid. In  determining elevations by vertical 
angles, elevations are referred (in the ideal case 
where deflections of the vertical are available) to the 
ellipeoid of revolution. In ordinary practice, since 
deflections 01 the vertical are not usually available, 
the results are a mixture, and are referred to neither 
surface exactly. 

geodetic azimuth.-See under azlmuth. 
geodetic azimuth mark-See under azimuth mark. 
geodetic control.-See under control. 
geodetic coordinates.-See under coordinates. 
geodetic datum.-See under datum. 
geodetic equator.-See under equator. 
geodetic latitude.-See under latitude. 
geodetic leveling-See under leveling. 
geodetic line-The shortest-distance line between any 

two given points on the surface of the spheroid. 
Sometimes called a geodesic line, a geodetic line 

is a line of double curvature, and usually lies 
between the two normal section lines which the two 
points determine. If the two terminal points are in 
nearly the same latitude, the geodetic line may cross 
one of the normal section lines. It should be noted 
that, except along the equator and along the merid- 
ians, the geodetic line is not a plane curve and 
cannot be sighted over directly. However, for con- 
ventional triangulation the lengths and directions 
of geodetic lines differ inappreciably from corre- 
sponding pairs of normal section lines. 

geodetic longitude.-See under longitude. 
eeodetic meridian.-See under meridian. 
geodetic parallel.-See under parallel. 
geodetic position.-See under position. 
eeodetic survey.-See under survey. 
seodetic surveying.-See under surveyhg. 
geographic; geographical.-Signifying basic relationship 

to the earth considered a8 a globe-shaped body. 
The term geographic is applied alike to data based 

on the geoid and on a spheroid. In  geodetic surveys 
in this country, coordinated data consisting of lati- 
tudes, lOngitude8, aZi.tmuth8, and lengths of lines, 
are recorded and published under the general title 
of geographic positions. For particular usage of the 
two forms, geographic, geographical, see 40; -icaZ. 
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geographic center.-The geographic center of an area 
on the earth has been defined as tha t  point on which 
the area would balance if it were a plate of uniform 
thickness. I n  other words, it is the center of grav- 
ity of that  plate. 

The geographic center of continental United States 
(exclusive of Alaska) is in the eastern par t  of Smith 
County, Kansas, latitude 39”50’, longitude 98O35‘. 
The geographic centers of the various States are 
given in the U. S. Geological Survey Bulletin 817, 
“Boundaries, Areas, Geographic Centers, and Alti- 
tudes of the United States and the Several States.” 

geographic coordinates.-See under coordinates. 
geographic exploration survey.-See under survey. 
geographic latitude.-See under latitude. 
geographic longitude.-See under longitude. 
geographic meridian.-See under meridian. 
geographic parallel.-See under parallel. 
geographic position.-See under position. 
geographic survey.-See under survey. 
geographical mile.-See under mile: nautical. 
geoid.-The 5gure of the earth considered a s  a mean 

eea-level surface extended continuously through the 
continents. 

The actual geoid is a n  equipotential surface to 
which, a t  every point, the plumb line (direction in 
which gravity acts) is perpendicular. It is the 
geoid which is obtained from observed deflections 
01 the vertical, and is the surface of reference for 
astronomical observations and for geodetic leveling. 
Theoretical geoids obtained with computed values 
of deflections of the vertical include the compensated 
geoid ahd the isoetatic geoid. 

geoid : compensated.-A theoretical geoid derived from 
the actual geoid by the application of computed 
values of the deflection o f  the vertical which depend 
upon the topography and isostatic compensation. 

The data  upon which to base the effect of topog- 
raphy and isostatic compensation are  obtained from 
readings of topographic maps; the  effect is then 
computed in accordahce with the assumptions made 
with respect to isostasy, tha t  is, the  depth and dis- 
tribution of isostatic compensation. A method for 
accomplishing this  was developed by Hayford, who 
accepted the Pratt  theory of isostasy. If the theory 
and assumptions with respect t o  isostasy were exact 
and there were no anomalies, the  compensated geoid 
would agree with the spheroid of reference. 

geoid : isostatic.-& ideal geoid derived from the 
spheroid of reference by the application of com- 
puted values of the deflection of the vertical which 
depend upon the topography and isostatic compen- 
eation. 

The computed values of the deflection of the verti- 
cal used in  obtaining the isostatic geoid a re  similar 
to those for the compeneated geoid, but of opposite 
signs. If the theory and assumptions with regard 
to  isostasy were exact and there were no anomalies, 
the  isostatic geoid would agree with the actual geoid. 

geoid contour.-A line on the surface of the geoid of 
constant elevation with reference to the surface of 
the spheroid of reference. 

Geoid contours represent differences in elevation 
between the geoid and the spheroid. Qeoid contours 
depend on t h e  surface of reference. The same geoid 
referred to different surfaces of reference will give 
different sets of geoid contours. 

geologic survey.-See under survey. 
geological survey.-See under survey. 
geometric latitude.-See under latitude: parametric 

(geometric or reduced) lotttude. 

geometric map projection.-See under map projection: 
perspective map projection. 

geophysics.-The science of the earth with respect to 
its structure, composition, and developmeht. 

Geophysics is a branch of experimental physics 
dealing with the earth, including its atmosphere 
and hydrosphere. It includes the sciences of dynam- 
ical geology and physical geography, and makes use 
of geodesy, geology, seismology, meteorology, ocean- 
ography, magnetism, and other earth sciences in col- 
lecting and interpreting earth data. Geophysical 
methods have been applied successfully to the iden- 
tification of underground structures in the earth 
and to the search for structures of a particular 
type, as for example, those associated with oil- 
bearing sands. 

gi8ement.-The angle between the grid meridian and the 
geographic meridian. 

The term “gisement” is used in connection with the 
military grid, sometimes being called the “decliua- 
tion of grid north,” and reckoned east and west from 
geographic north. Gisement is not used with the 
Btate coordinate systems, where the corresponding 
angle on the transverse Mercator grid is the converg- 
ence of the local with the central geographic me- 
ridian, and‘is designated by Aa . I n  the Lambert 
grid, the angle is known as the “mapping angle,” 
designated by 8, and called the “theta angle.” 

globe.-A spherical body. See under globe: celestial 
globe; terrestrial globe. 

globe: celestial.-A sphere, on the outer surface of 
which, by means of symbols and reference lines, 
stars are  shown in positions and magnitudes deter- 
mined from tbe earth. 

Usually shown also are  the outlines of the con- 
stellations or s tar  groups. Essentially, a celestial 
globe is  a sphere to the outside of which s tar  maps 
have been fitted. 

globe: terrestrial.-A sphere, on the outer surface of 
which, by means of symbols and reference lines, 
the features of the surface of the earth are shown 
in relative positions. 

Essentially, a terrestrial globe is a sphere t o  t h e  
outside of which maps of the surface of the earth 
have been fitted. See globe, gore. 

globe. gore.-A lune-shaped map which may be fitted to 
the surface of a globe with a negligible amount of 
distortion. 

A terrestrial or celestial globe may be constructed 
by covering a sphere with a complete set  of maps, 
each having the form of a lune of such narrow 
width tha t  it may be mounted on the sphere without 
appreciable stretching or shrinking. 

globe. horizon ring.-A graduated ring fitted to a globe 
in such manner tha t  i t s  plane contains the center 
of the globe, and it can he adjusted into the plane 
of the horizon for any point on the globe. 

The horizon ring is used in scaling angle8 around 
the horizon for a given point. 

globe, meridian ring.-A graduated ring fitted to a 
globe in such manner tha t  its plane contains the 
poles of the globe, and i t  can be adjusted into the 
plane of any given meridian on the globe. 

A meridian ring is used for scaling angles along 
a meridian. 

globe, time dial.-An adjustable circular disk, gradu- 
ated in time units (0 hours to  24 hours), attached 
to a globe with i ts  center coincident with a pole of 
the globe. 

A time dial can be adjusted to show the relation 
between local time and the  time of any other 
meridian. 
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globular map projection.-See under map projection. 
gnomonic map projection.-See under map projection. 
Golofnin Bay datum.-See under datum. 
goniasmometre.-A compact surveying instrument for 

observing horizontal angles and bearings, and con- 
sisting of a vertical cylinder divided horizontally 
into two parts: the lower edge of the upper part is 
graduated in circular measure and revolves on the 
lower part, which carries a vernier on its upper edge. 
A magnetic needle is centered in the upper part, which 
is also provided with slits or a telescope for  sighting 
purposes. 
An instrument used in France, and serving the 

same purposes as a surveyor's compass or transit. 
goniometer.-In surveying, an instrument for measur- 

ing horizontal angles or directions, such as a theodo- 
lite. 

In general, goniometer is a term applied to various 
instruments for measuring angles, as in crystallog- 
raphy, anthropology, etc. 

grad (grade).-An angle at the center of a circle, sub- 
tended by one four-hundredth part of its circum- 
ference. See angle (general). 

grade.-Rate of slope or degree of inclination. S e e  
gradient. Example: a 1 to 100 grade; a 1-percent 
grade. 

grade correction, tape.-See under tape. 
gradient (topography).-A grade expressed 88 a tangent 

Example: a 1 to 100 grade is a gradient of .01. 
gradienter.-An attachment to an engineer's transit 

with which an angle of inclination is measured in 
terms of the tangent of the angle instead of in 
degrees and minutes. 

A gradienter may be used as a telemeter in ob- 
serving horizontal distances. 

graduation.-See under division. 
graticule.-A network of lines representing geographic 

parallels and meridians forming a map projection. 
Gravatt level.-See under leveling Cnstrument. 
Gravatt leveling rod.-See under levelhg rod. 
gravimeter (geodesy) .-A weighing device or instrument 

of suftlcient sensitivity to register variations in the 
weight of a constant mass when the mass is moved 
from place to place on the earth and thereby sub- 
jected to the influence of gravity at those places. 

A typical gravimeter consists of a spring which 
changes in length under the load of a constant mass 
as the instrument is moved from place to place and 
thereby affected by changes in gravity. Gravimeters 
are employed in determining differences in the in- 
tensity of gravity between an initial or base station 
a t  which the value of gravity is known or assumed 
and at  nearby points for which values of gravity 
are desired. Gravimeters are also termed gravity 
meters. 

gravitation.-In general, the mutual attraction between 
masses of matter (bodies). In geodesy, the mutual 
attraction between the earth and bodies on or near 
its surface. 

Gravitation is the component of gravtty which 
acts towards the earth. 

gravitation: constant of.-The Newtonian constant of 
gravitation, being the constant G in the formula 

p,@=, where F is the attractive force between 
two bodies of masses m+ and ma expressed in grams, 

is the distance in centimeters between the two 
bodies, and the time unit is the mean solar second. 

Various values of the constant Of gravitation 

of the angle of inclination. 

rz 

which have become available in recent years are a8 
follows : 

(a )  (6 .670+_0 .005)X10-~  c. g. 8. units 
This is by Paul R. Heyl, reported in the Bureau of 
Standards Journal of Research, December 1930. It 
is the value used in U. S. Coast and Geodetic Survey 
Special Publication No. 199, Tables for Determining 
the Form of the Geoid and its Indirect Effect on 
Gravity, 1936. 

This is the value adopted in the Smithsonian Physi- 
cal Tables, edition of 1934. 

This is the most recent determination by Heyl, re- 
ported in the Journal of Research of the National 
Bureau of Standards, July 1942. It agrees so well 
with the 1930 result that the conclusion is reached 
that, for the method used (the torsion balance), the 
limit of possibilities for increasing the precision has 
been reached. 

gravity-That force which tends to pull bodies towards 
the earth : that  is, to give bodies weight. 

Gravity is the resultant of two opposing forces: 
gravitation and the centrifugal force due to the rota- 
tion of the earth. See gravity: intensity o f  grav4ty. 

gravity: Clairaut's Theorem.-A theorem connecting the 
ellipticity of the earth with the coeflicient of sin 1 6 
of the formula f o r  theoretical gravity or with the 
difference between gravity a t  the poles and gravity 
at the equator. 

This means that every gravity formula implies 
a particular value for the ellipticity of the spheroid 
of reference. Let gg and ge represent gravity at 
the poles and at the equator, respectively, and let 
the formula f o r  theoretical gravity be written 
g=ge (1+ B sin 2 ++smaller terms). Also, assume 
values for 6 of 90" and 0". and neglect the smaller 
terms. 

Then 8- and Clairaut's Theorem is written 

as follows: 8- P = - -f+smaller terms, I 

being the el l ipt idty  and m the ratio of centrifugal 
force at the equator to gravity at the equator, or 

, where w is the angular velocity of rotation w 'a, 
Be 

of the earth in radians per second and a is the semi- 
major axis (equatorial radius) of the spheroid. 

As originally stated by Clairaut, the smaller terms 
were neglected. For an exact ellipsoid we have, to a 
high degree of accuracy, the formula 

(b) (6.664+0.002) X 10-8 dyne. cm*.g-l 

(c) (6.673+0.003) X cm.s.g-l.sec-l 

Qe 
g -gc 6 m  

ge 2 

- 

5m 17 
@=- - f+--mf. 

2 14 
Upon flrst Consideration, Clairaut's Theorem may 
seem paradoxical: an increase in the flattening of 
the earth, f ,  apparently diminishing the increase in 
grav4ty from equator to pole. This is explained by 
the fact that the theorem applies, not to values on 
the physical surface of the ellipsoid, but to values 
on a level surfacs--any level surface lying outside 
all attracting matter. I n  the case of the geoid, or 
sea-level surface, which has a comparatively small 
amount of matter outside it, Clairaut's Theorem le 
applied by means of certain conventions in the re- 
duction to that surface of values of gravity observed 
outside the physical surface of the earth. If the 
ellipticity of the physical surface of the earth is 
conceived to change but that surface still remain a 
level surface, the distribution of density within the 
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level surface must change accordingly, and Clair- 
ant’s Theorem will still hold. 

The increase in gravtty from equator to  poles ac- 
cording to the International G-ravity Formula ha8 
been analyzed by Hammer as follows : 

Centrifugal acceleration----- +3.39 gala 
Free-air effect __-----_____-- +6.63 net 
Mass-shape effect _ _ _ _ _ _ _ _ _ _ _  - 4 . 8 5 )  +1.78 F b  

Total change. equator to 
poles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  + 6.17 gals 

The free-air effect is due to  the difference of the 
distances from the center of the ear th  of the 
attracted particle when at a pole and when a t  the 
equator, the attractions being in the inverse ratio 
of the squares of the respective distances. But the 
inverse-square law is correct only when the dimen- 
sions of the attracting body are  negligible in com- 
parison with the distances involved, a condition that  
does not hold in the present instance. Near its 
surface, the terrestrial ellipsoid does not a t t ract  
in exact accordance with the inverse-square law. 
The correction which is applied to the free-air effect 
to care for this condition is the mass-shape effect 
given in this and the next paragraph. 

If the terrestrial ellipsoid were homogeheous, the 
free-air effect and the mass-shape effect would be 
more nearly equal, and the increase in gravity from 
equator to poles would be composed a s  follows : 

Centrifugal acceleration=mg=- +3.39 gals 
Free-air effect = 2 fg = 5 mg/2  = - + 8.4 
Mass-shape effect = 9 mg/4 == ___  - 7 . 6 3  

net + 0.85 
gal 

Total change, equator to  
poles=5 mg/4= _ _ _ _ _ _ _ _ _ _  +4.24 gals 

gravity: direction of: direction of the force of gravity.- 
The direction indicated by a plumb line. 

I t  is perpendicular to the surface of the geoid. 
See nadir, zenith. 

gravity: formula for theoretical.-A formula expressing 
gravity on the spheroid of reference in terms of 
geographic position, it being assumed t h a t  the 8phel- 
oid of reference is a level surface. 

If the spheroid of referehce is one of revolution, 
al l  meridians are  alike and the longitude can not 
appear in the formula (see gravity formula, longi- 
tude term) ; furthermore, since the spheroid is 
symmetrical with respect to the equator, only even 
functions of the  latitude can appear in the  formula. 
W a v i t y  increases toward the poles, borh because 
the centrifugal acceleration due to  the earth’s rota- 
tion decreases a s  a pole is approached and because 
the  mass-attraction of the spheroid is greater at 
the poles than a t  the equator. 

Gravity on the surface of a spheroid of revolution 
is expressed by either of the following commonly 
used formulas : 

g=ge (1+B sin* ++smaller terms) 
g=ge ( l - -rcos26  +smaller terms) 

where g is gravity on the surface Of the spheroid in  
geographic latitude +, ge is gravity at the  equator, 
ga is gravity at latitude 45”. and B and y are 
constants. For numerical values of ge and con- 
s tants  appearing ih the flrst formula above, see 
gravity: Clairaut’s Theorem; Helmert’s gravity 
jormula of 1901; International Gravity Formula; 
and gravity formula, longitude term. 

In the approximate formulas, the smaller terms 
are  often omitted. If this is done, our surface of 
reference is a spheroid of revolution lying, at lati- 

tude 45O, 19 meters above a n  exact ellipsoid of revo- 
lution having the same axes a s  the spheroid. 

gravity: Helmert’s gravity formola of 1901.-A develop- 
ment of the formula for theoretical gravity utilizing 
the gravity observations available a t  the time 
(1901), but not fltted to any preassigned value of 
the earth’s ellipticity. 

Referred to the Potsdam value of absolute gravity, 
Helmert‘s gravity formula of 1901 is a s  follows : 
g-978.030 (1+0.005302 sin’ +-0.000007‘ sin* 2 9 ) .  

While the International G-ravity Formula was 
based on a preassigned value of the earth’s ellip- 
ticity, the  above formula was not, but it was used 
in determining a value for tha t  ellipticity, namely 
1/298.2. The coeflcients ge=978.030 and 8= 
0.005302 were determined from the observations. 

Attempts made to determine the coe5cient of 
sin’ 24 in  the same way were abandoned because 
of the large probable errors obtained, and the value 
0.000007 was assumed from theoretical considera- 
tions based on the work of Darwin and Wiechert 
on a self-attracting rotating mass of the size of 
the earth. Such a mass, unless homogeneous, will 
not take on the form of a n  exact ellipsoid, but will 
be depressed in middle latitude below an exact 
ellipsoid having the same major and minor axes. 
The amount of this depression will depend upon the  
law used for the variation of density with respect 
to distance from the center of the earth. Darwin 
and Wiechert assumed different laws, but both 
found a depression of 3 meters in latitude 45”. 
This depression corresponds to the difference between 
0.0000059 and 0.000007, the  corresponding coefl- 

* cients in the Intefnatioual and Helmert formulas. 
gravity: Helmert’s gravity formula of 1915.-A develop- 

ment of the formula f o r  theoretical gravity, based on 
a triazial ellipsoid, and including a longitude term. 
See gravity formula, longitude term. 

gravity: intensity of.-The force with which gravity 
acts, expressed in suitable units. 

Intensity of gravity may be expressed either a s  
a force (force of  gravi ty)  expressed in dynes; or a s  
an acceleration expressed as centimeters per second 
per second. In  the geodetic work of the U. 5. Coast 
and Geodetic Survey, before 1930, intensity of grav- 
ity was stated as  a force, in dynes; since then, it 
has been stated as a n  acceleration, in gale. 

gravity: International Gravity Formula.-A development 
of the jormula f o r  theoretical gravity, based on the 
assumptions tha t  the spheroid of reference is an 
exact ellipsoid of revolution having the dimensions 
of the International Ellipsoid of Reference (Madrid, 
1924), rotating about its minor axis once in a 
sidereal day;  that  the surface of the ellipsoid is a 
level surface; and tha t  gravity at the equator equals 
978.049 gals. 

Omitting terms which are  so small a s  to be negligi- 
ble for practical purposes, the International Gravity 
Formula is a s  follows : 
p=g78.049 (1+0.00528&1 sins+-0.0000059 sin2 2 6 ) .  

The International Gravity Formula was adopted 
by the International Association of Geodesy at the 
Stockholm meeting, 1930. The purpose was not pri- 
marily to represent the gravity observations then 
available, although the ge=978.049 gala was based 
on those observations, but rather i t  was intended 
to put the determination of the figure of the earth 
from gravity data on the same basis a s  the deter- 
mination of i ts  flgure from deflections of the verti- 
cal. This formula is based on the Potsdam value for  
absolute gravity. 

gravity anomaly.-See under anomaly: free-alr anomaly. 
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gravity apparatas: Brown gravity apparatas.-See under 

Brown gravity apparatus. 
gravity formula.-See under gravity: formula f o r  theo- 

retical gravity. 
gravity formula. longitude term.-A suggested additional 

term for the formula for theoretical gravity, derived 
from the longitude on a spheroid of reference having 
three unequal axes. 

With this additional term, the formula for theo- 
retical gravity would be a s  follows : 
g=gs 
where ge  is the mean value of gravity at the equator, 
and e, like 8 and 81 is a dimensionless number. 
AB always, the formula f o r  theoretical gravity 

implies a spheroid of deflnite shape. When a longi- 
tude term of the type indicated above is included, 
t h e  spheroid is no longer a n  ellip8Oid of revolution, 
but an ellipsoid having three unequal axes (triaxia2 
ellipsoid), the shortest of which is i ts  polar axis 
(corresponding to the axis of rotation of the earth), 
while the two longer ones lie in the plane of the 
equator. The longer equatorial axis lies in the 
meridian plane Xo and Xof lWO ; the shorter in the 
meridian plane xO&90°. These two equatorial axes 
or diameters differ by &4 c a ;  the difference of each 
semiaxis from a mean 18 f c a ,  and from each other 
+ 2  ca. 

The form of the longitude term is not arbitrary. 
In  theoretical investigations on the attraction of 
nearly spherical bodies, it is convenient to work with 
spherical harmonics. These are  mathematical ex- 
pressions involving latitude and longitude. They are  
of different degrees, the harmonics increasing in 
complexity a s  their degree increases. 

The additional term involving longitude in the 
gravity formula is the spherical harmonic term of 
lowest degree not already present, though in partly 
disguised form, in the ordinary gravity formula and 
not excluded from it for sufecient theoretical reasons. 
(The excluded terms are  proportional to cos + cos X ,  
COS + sin A, sin +, sin 2+ cos A, and sin 2 + sin X.) 
The idea of a n  eZZipsoid of three unequal axes a s  
a possible surface of reference is by no means new. 
There was, however, no continuing interest in the 
idea until Helmert and his assistant, Berroth, each 
published in 1915 his calculations on which were 
based gravity formulas containing a longitude term 
of the type given above. Eelmert’s gravity formula 
of 1915 is  a s  follows : 
g=978.052 [1+0.005285 sin’+ -0.000007 sin’ 2++ 
0.000018 cos2 + cos 2 (X+17°)]. 

In  the formula, east longitude, A ,  is  positive. The 
maximum equatorial semiaxis (radius) is 115 meter8 
longer than the mean equatorial semiaxis (radius) 
and 230 meters longer than the minimum. The maxi- 
mum axis lies in  the meridian plane of X=17O west 
and 163’ east of Greenwich. The minimum axis lies 
in  the meridian plane X=73‘ east and 107’ west 
of Greenwich. The mean ellipticity of a meridian 
is 1/296.7. 

Since 1915, various discussions of the  accumulating 
mass of gravity data  have tended to confirm the real- 
i ty  of a longitude term of the same general size 
and character a8 that  proposed by Helmert. Studies 
of the dcjlections of the vertical have likewise tended 
to  con5rm tha t  general result. This does not mean, 
however, that  a triaxial ellipsoid is likely to flnd 
favor a s  a surface of reference for triangulation and 
deflections of  the vert ical  The mathematical com- 
plications of such a surface are  too great. And since 
one of the purposes of studying gravity observations 
is to  determine the figure of the earth and to compare 

[1+8 sin’+ - 81 sin’ 2.4 + e  cos’ + cos 2 (A-Xo)] 

the  results with those obtained from deflections 01 
the vertical, i t  is convenient to use the same surface 
of reference for both and therefore omit t h e  longitude 
term from the formula f o r  theoretical gravity. 

It would appear from the most recent study of the  
longitude term (JefPreys, 1942-31, that  a longitude 
term of the type derived by Helmert and others is 
not the only spherical harmonlc term needed to rep- 
resent existing widespread variations of gravity. 
Jeffreys confirmed the existence of a longitude term 
of the general character and magnitude just dis- 
cussed, and tentatively determined a few other 
spherical harmonic terms of low degree: he found, 
however, tha t  the number and distribution of exist- 
ing gravity observations were inadequate for  a satis- 
factory determination of those terms. 

The argument against including a longitude term 
in  the formulo for  theoretical gravity applies with 
even greater force to the additional terms found 
by Jeffreys. The mathematical complexities attend- 
ing the use of a figure of reference which these addi- 
tional terms would imply a re  too great for practical 
problems. The significance of the  longitude term 
and of the other terms proposed by Jeffreys, which 
are  also longitude terms of a sort, is mainly geo- 
physical. These terms represent widespread SYS- 
tematic variations in  gravity and in  deflections of 
the vertical. They represent also general wide- 
spread departures from isostatic equilibrium and 
therefore imply the existence of long-continuihg 
stresses in the earth’s c r u s t  The problems they 
represent are  geological and geophysical : problems 
of how the configuration of the continents and 
oceans on the known geological structures a r e  related 
to the departures from equilibrium which are im- 
plied by the additional terms. 

While i t  is of great geological and geophysical 
interest to improve the formula for theoretical 
gravity by the addition of spherical harmonic terms 
of low degree, the question of how far to  continue 
the addition of such terms must be left to the 
future. It seems probable, however, that  considera- 
tion of the  usefulness of this procedure will limit 
such additions to spherical harmonic terms of 
rather moderate degree. 

gravity meter.-See under gravimeter. 
gravity station.-A station at which observations a re  

made to determine the value of gravity. 
great circle.-The line of intersection of the surface of 

a sphere and any plane which passes through the  
center of the sphere. 

The shortest distance between any two points on 
a sphere is along the arc of a great circle connecting 
the two points. Great circles on the celestial sphere 
which are  given particular designations are the 
equator, the ecliptic, meridians, hour circles, prime 
verticals, colures, and horizons. The shortest dis- 
tance on a n  ellipsoid of revolution is a geodetic 
line ( a  geodesic), which is not a plane curve except 
for the equator (a  circle) and the meridians (ellip- 
ses). I n  cartography, the gnomonic is the only map 
projection on which a great circle is represented, 
in all instances, a s  a straight line. The gnomonlo 
projection for a map of the United States computed 
by the U. S. Coast and Geodetic Survey is based 
on a sphere having the same volume a s  the  ellipsoM 
of reference (Clarke spheroid o f  1866). 

great circle line.-In land surveying, the line of inter- 
section of the surface of the earth and the plane of a 
great circle of the  celestial sphere. 

The term great circle line is proposed for  use in 
descriptions of methods for establishing parallels of 
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latitude (etandard parallels and correction lines) in 
eurv'zleys of the public lands of the United States. 
Since the earth is not a sphere, a great circle line 
is but a n  approximation to  a great circle and, due 
to  the  deflection of the vertical, will not, as sur- 
veyed, lie in  a single plane. 

Greenwich Civil Time.-See under time. 
Greenwich Meridian-See under merid*. 
Greenwich Sidereal Time.-See under time. 
Greporian Calendar.-See under calendar. 
grid.-A network composed of two sets of uniformly- 

spaced straight linea intersecting in right angles. 
In surveying and mapping, the  term grid is a p  

plied t o  a plane-rectangular coordinate system im- 
posed upon a geographic coordinate system. See 
Btate coordinate systems. 

grid: military.-See under military gr(d. 

GEODETIC SURVEY 

H 
ha& (United States public-land surveys) .*-A horizontal 

V-shaped notch, cut into the trunk of a tree at about 
breast height. 

hack chronometer-See under chronometer. 
half section (United States public-land surveys).-See 

hand level-See under leveling instrument. 
hanging level.-See under level. 
Harrebow-Talcott method, latitude determination.-See 

under zenith-telescope method, latitude determina- 
tion. 

Haasler base-line measuring apparatw.-See under ba8e 
apparatus. 

Hayford-Bowie method of isostatic reduction.-A method 
of computing the  effect of topography and isostatic 
compensation on gravity by which the effect of topog- 
raphy is computed directly and then corrected for 
the  effect of isostatic compensation. 

The mechanics of this method involve the use of 
the Hayford gravity templatee. 

Hayford-Bullard (or Bullard) method of isostatic reduc- 
tion.-A method by which the topographic effect of a n  
in5nite slab of density 2.67 and a thickness equal 
to the elevation of the gravity station is first com- 
puted, and theh corrected for curvature of the sea- 
Zevel surface and for difference of elevation between 
the station and the topography. 

The 5rst step in the computation gives the ordi- 
nary Bouguer correction for topography: the second 
step takes account of the departure of the actual 
topography from a smooth cap or plate of thickqess 
equal to the elevation of the station. 

The application of the curvature correction for the 
lettered zones reduces the effect of the plane slab 
t o  t h a t  of a plateau or cap extending to the outer 
limits of those zones and curved to the mathematical 
surface of the earth. Account is taken of the topog- 
raphy by applying a correction for the deviations of 
the topographv from the surface of the plateau or 
a P .  

This method was devised by El. C. Bullard as a 
substitute for  the  Hayford-Bowie method of isostatic 
reduction for the lettered zones of the Hayford gruv- 
Ctg templatee; it is described in U. 9. Coast and 

under section. 

grid azimuth.-See under azimuth. 
grid bearing.-See under bearing. 
grid coordinates.-See under coordinates. 
grid distance.-See under grid length. 
grid inverse.-The computation of grfd length and grCa 

azimuthe from gr id  coordinates. 
mid length.-The distance between two points as ob- 

tained by computation from the plane rectangular 
coordinutes of the points. 
In the  Pltate coordinate eyettm~3, a grid length dif- 

fers from a geodetic length by the  amount of a 
correction based on the male factor for the given 
line. 

grid meridian.-See under meridian. 
guide meridian (United States public-land surveys) .-See 

Gunter's chain.-See under chain. 
under meridian. 

Geodetic Survey Special Publication No. 232, Pendu- 
lum Gravity Measurements and Isostatic Reductions, 
by Clarence H. Swick, 1942. 

Hayford deflection templates.-See under template (tem- 
plet ) . 

Hapford effect (gravity) .-See under fundamental tables: 
deformation o j  the geoid and its eflect on gravity ( a ) .  

Hayford gravity anomalies; Hayford anomalies.-See un- 
der anomaly: isostatic anomaly. 

Eayford gravity templates.-See under template (tem- 
plet). 

height of instrument.-l. In sprrit leveling: the height 
of the line of  sight of a leveling instrument above 
the adopted datum. 2. stadia surveying: the height 
of the center of the telescope (horizontal azis) of 
transit or telescopic alidade above the ground or 
station mark. 3. Trigonometrical leveling: the 
height of the center of the theodolite (horizontal 
azis) above the ground or station mark. 

heliocentric parallax.-See under parallas: annual. 
heliotrope.-An instrument composed of one or more 

plane mirrors, so mounted and arranged that  a beam 
of sunlight may be reflected by it in  any desired 
direction. 

Placed over a survey station, a heliotrope is used 
to direct a beam of sunlight toward a distant sur- 
vey station, where it can be observed with a theodo- 
lite. It provides a n  excellent target in observing 
horlzontal directions, such targets having been ob- 
served on at distances of over 160 miles and ap- 
proaching 200 miles. There a re  several types of 
heliotropes, carrying various names, but differing 
only in details of mechanical arrangement and con- 
struction. Heliotropes are  sometimes used for send- 
ing messages, using the Morse code conveyed by 
short and long flashes of l ight ;  when especially 
equipped for the purpose, such instruments a re  
termed heliographs. 

hemispherical map.-See under map. 
high-water line.-The place on the bank or shore up to  

which the presence and action of water is 80 usual 
and long continued as to impress on the bed of the 
stream a character distinct from tha t  of the bank 



DEFINITIONS OF SURVEYIIVG TERMS 39 
with respect to  vegetation and the nature of the 
soil. 

The high-water line is the  boundary line between 
the bed and the bank of a stream. The mean high- 
water line usually determines the boundary of the 
land of the riparian proprietor. 

highway map.-See under map. 
homalmaphic map projection.-See under map profec- 

tion. 
horizon.-A great circle on the  celestial sphere whose 

plane is perpendicular to  the direction of the plumb 
line. 

The direction of the plumb line is sometimes re- 
ferred to a8 the dfrection of gravity, and direction of 
the force of gravity. I n  surveying, the p lme of the 
horizon is determined by means of a spirit level. See 
horizon: apparent (Visible) horizon. 

horizon: apparent (visible).-The irregular line along 
which rays from the point of observation are tangent 
to the surface of the earth. 

The apparent horizon is t h e  line where the visible 
surface of the earth appears to meet the sky. When 
the apparent horizon is formed by the surface of a 
body of water, i t  is sometimes used as a reference 
in observing vertical angles. See horizon: dip of. 

horizon: arti5cial-A device consisting of a plane re- 
flecting surface which can be adjusted to coincide 
with the plane of the horizon. 

One form of artiflcial horizon consists of a dish 
or trough filled with mercury, or an amalgam of 
mercury and tin, the upper surface of which is 
free, and assumes a horizontal position. Another 
form is a plane mirror of glass or other material, 
equipped with Sph-it leveb and leveling screws so 
that  i t  can be adjusted into the plane of the horizon. 

In  observing a celestial body such a s  a s tar  or  
the sun, the angle is measured between the body a s  
seen direct (with transit or theodolite) or reflected 
(in the horizon glass of a smtant) and its image 
as seen redected in the artificial horizon : this is a 
vertical angle, and is double the altitude of the body. 

horizon: closing the.-Measuring the last of a series Of 
horizontal angles a t  a station required to make t h e  
series complete around the horizon. 

At any station, the sum of all horizontal angles 
between adjacent lines should equal 360O. The 
amount by which the sum of the observed angles 
fails to equal 360° is  t h e  error of cloeure. This is 
distributed as a correction for closure among the 
observed angles to bring their sum to  exactly 360°. 
The error and the correction are  of opposite signs. 

horizon: dip of.-The vertical angle between the plane 
of the horizon and a line tangent to  the apparent 
(visible) horizon. 

horisontal angle.-See under angle. 
horizontal aria (theodolite or Sransit)-The axis about 

which the telescope of a theodolgte or  transit rotates 
when moved vertically. 

It is the axis of rotation which is perpendicular 
to the vertical axis of the instrument and to the 
asis of collimation of the telescope. It should co- 
incide with the  line through the centers of the 
pivots which support the telescope. For an instru- 
ment in complete adjustment, it occupies a horizontal 
position, and when the telescope is rotated around 
it, the axis of collimation will de5ne a vertical plone: 

deviations from this  condition a re  measured with a 
Striding level or with a hanging level. 

horizontal direction.-A dfrectfon in a horizontal plane. 
horizontal parallax.-See under parallas: diurnal parol- 

lax. 
Horrebow-Taleott method. latitude determination.-See 

under zenith-telescope method, latitude determina- 
tion. 

hour angle.-The angle between the plane of the hour 
circle passing through a celestial body and  the plane 
of the celestial meridian. 

The hour angle is reckoned from the merlUn 
(0  hours or 0 ' )  westward through 24 hours (360"). 
It may be measured by the angle at the pole between 
an hour circle and the meridian, or by the arc of 
the equator which is fntercepted by those circles. 

hour circle-Any great circle on the  celestial sphere 
whose plane is  perpendicular to the plane of t h e  
celeetial equator. 

Hour circles a re  also called circles of declination. 
The hour circle which contains the  zenith is identi- 
cal with the celestial meridiun. 

hmrometrie.-Belating to the relative humidity or com- 
parative amount of moisture in the atmosphere. 

Since the  atmosphere penetrates the pores or cells 
of material bodies in varying degrees depending 
upon the substances of which they are  composed, 
the amount of moisture which it contains will affect 
the shapes and dimensions of certain instruments 
and equipment used in surveying and mapping. For 
this reason it is necessary t o  select materials which 
are  not sensitive to hygrometric conditions for the  
construction of leveling rods, plane-table sheets, etc., 
and for the construction and prmtiug of maps. 

hrpsographic feature.*-A topogrophic feature with ele- 
vations portrayed with reference to  86U level. 

hnsomaphic map.-See under map. 
hypsograplw.*-Topogthg (relief) ,  referred to a sea- 

level datum. The science or  a r t  of describing eleua- 
tions (heights) of land surfaces with reference to 
sea level. 

hrpsometer.*-An instrument uaed in determining ele- 
votione of points on the earth's surface in relation to 
sea level by determining atmospheric preesure 
through observation o i t h e  boiling point (tempera- 
ture) of water at each point. Also an instrument 
used in forestry for determining heights of trees. 

Determination of heights of mountain summits by 
observing the boiling point of water on t h e  summit8 
has been much used by explorers. 

The term hypsometer is also used to designate 
one who measures elevations of the land, or who 
constructs maps or models to show land eleuatione. 
This is a rare  use. 

hypsometric.-Relating to  elevation above a datum, wu- 
ally 8ea level. 

In  a limited sense, hypsometric relates to elev5 
#ions above sea level determined with a hypsometer. 

hypsometric feature.*-Disapproved. See under hypso- 
graphic feature. 

hypsometric map.-See nnder map: hUPSOWaPhiC. 
bpsometrr.*-The a r t  of determining, by any method. 

surface elevations on the earth with reference to  eea 
level. 

The determination of elevations by means of either 
mercurial or aneroid barometers is sometimes called 
barometric hypsometry. 

hypsometry: barometric.-See under hypsometry. 
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I 
-ic; -ieSl.-Sufilxes employed to convert certain terms 

into adjective form, the two adjectives derived from 
the same root word sometimes having slightly differ- 
ent meanings, but often employed according to cus- 
tom or personal preference, without differentiation. 

While it seems desirable to employ the shorter 
mmx, -ic, for adjectives having a direct and intimate 
relationship to the root word, and the longer form, 
-ical, to form adjectives of more general and broader 
applicability, this cannot be adopted as  an exact pro- 
cedure, and it is proposed that custom be considered, 
and in the work of this Bureau, the forms be used 
as recommended below. 
1. geodetic, geodetical ; geodesic, geodesica1.- 

Each of these terms has appeared in technical Iitera- 
ture. The longer forms, geodetical, and geodesical, 
are now practically obsolete. Geodesic was a t  one 
time employed to designate a class of spirit leveUng, 
but at present is largely limited to use in a mathe- 
matical sense. The following forms, deflned else- 
where, are proposed for use in  this Bureau : 
geodetic azimuth; geodetic equator; geodetie latC 
tude;  geodetic longitude; geodetic meridian; geodetic 
parallel; geodetic position; geodetic survey; and 
geodesic line. 

2. astronomic ; astronomical.-Astronomers have 
preferred and used the longer form, astronomical. 
Surveyors have employed both forms, often without 
apparent differentiation in meaning, though they 
have accepted the astronomers' use of astronomical 
for terms of general applicability. In the publica- 
tions of this Bureau, with some exceptions, the 
shorter form, astronomic, has been employed in re- 
cent years where there is an intended contrast with 
the term geodetic, and it is believed that this practice 
should be adopted insofar as is compatible with es- 
tablished practice. The following terms, defined 
elsewhere, are accordingly proposed for use in this 
Bureau : 
astronomio azimuth; astronomic coordhates;  astro- 
nomic equator; astronomic latitude; astronomic 
longitude; astronomic meridian; astronomic paral- 
lel; astronomic station ; and astronomical day ;  astro- 
nomical leveling ; astronomical methods ; astronomi- 
cal refraction; astronomical theodolite; a8tronomieaZ 
t ime;  astronomical transit; astronomical traverse; 
astronomical triangle; astronomical unit. 
3. geographic ; qeographica1.-The following forms 

are proposed for use in this Bureau : 
geographic center; geographic equator; geographic 
b t i t u d e ;  geographic longitude; geographic meridian; 
geographic parallel; geographic position; geographic 
survey; geographical boundary ; geographical mile; 
geographical organization, survey, or society. 

4. geologic ; geological.-The following forms are . 
proposed for use in this Bureau : 
geologic data ; geologic investigation or survey ; geo. 
logical organization, survey, or society ; geological 
era ; geological time. 

5. geophysical.-The form geophysical is used to 
the exclusion of any other that might be derived from 
the term geOphy8iC.3. 

iced-bar apparatns.-See under base apparatus. 
identification post&-Posts of wood or other suitable 

material, appropriately marked and inscribed, and 
placed near survey stations to aid in their recovery 
and identiflcation. 

Identiflcation posts also serve as guard posts, call- 
h g  attention to the stations which they serve, thus 

giving protection against their accidental destruction. 
Designated as  supplemental posts for survey monu- 
ments, identification posts were recommended for use 
in a report of the Committee on Control adopted by 
the Federal Board of Surveys and Maps, March 14, 
1989. 

idle pendn1nm.-See under pendulum. 
impersonal micrometer.-See under micrometer: tmmU 

micrometer. 
inch.-A unit of length deflned by the equivalence: 1 

meter equals 39.37 inches exactly. 
The relationship, 1 meter equals 39.37 inches, was 

established by Act of Congress, Julp 28, 1866, 
but was put into practical effect only after the United 
States had received copies of the Internatgonal 
Prototvpe Meter. In 1893, the Superintendent of 
Standard Weights and Measures, with the approval 
of the Secretary of the Treasury, declared the In- 
ternational Prototype Meter to be the standard of 
length, with the customary unit, the gar& to be 
derived therefrom in accordance with the Act of 
July 28, 1866. The yard is accepfeil as equal to 36 
inches exactly. See under meter: National Proto- 
type Meter. 

inclination of the horizontal axis.-The uertieal angle 
between the horizontal act8 of a surveying or as- 
tronomical instrument and the plane of the horizon. 

Inclination of the horizontal axis is measured with 
a striding level or a hanging level. It causes the 
a& of collimation of a theodolite or transit to 
describe an inclined plane instead of a vertical plane 
when the telescope is rotated about the horizontal 
a& of the instrument. This produces an error in an 
observed horizontal direction of an object not situ- 
ated in the plane of the horizon, and requires the 
application of a correction f o r  inclination of the 
horizontal asis. 

inclination of the horizontal axis: correction for.-A cw- 
rection applied to an observed horizontal direction 
to eliminate any error tha t  may have been caused 
by the horizontal a&s of the instrument not being 
exactly horizontal. 

If the horizontal a d 8  of the instrument is not 
exactly horizontal, the d s  of collimation will not 
cut the horizon at a point directly underneath (or 
above) an observed point : that is, a plane described 
by the azis of  collimation when the telescope is ro- 
tated about its hotizontal oxis will not be a vertical 
plane. As the inclination of the horizontal oale 
may involve two conditions : the failure of the hori- 
zontal and vertical azes of the instrument to  meet 
exactly at a right angle, and a possible deviation of 
the vertical mi8 from the direction defined by the 
plumb line, a determination of this correction re- 
quires that both the inclination of the axis and the 
altitude of the observed object be known. 

index correction (leveling).-See under oorrection. 
index map.-See under map. 
index of refraction.-See under refraction. 
indirect leveling.-See under leveling. 
indirect observations.-See under observation. 
initial point (United States public-land snrvers).*-The 

point from which is initiated the survey of the prin- 
cipal meridian and base line controlling the survey 
of the public lands within a given area. 

For list of initial points, principal meridians, and 
base lines, and the areas governed thereby, see page 
188, section 141, General Land Omce Manual of In- 
structions for the Survey of the Public Lands, edition 
1980. 



DEFINITIONS. OF SURVEYING TERMS 41 
instrument station (leveling) .-See under station. 
instrumental error.-See under error. 
instmmental parallax.-See under paraUm. 
intensity of gravity.-See under gravity. 
interferometer.-An optical instrument which employs 

the Principle of the interference of light waves to  
determine the amount of displacement. It is used in 
length standardizations, in comparing end standards, 
etc. 

The interferometer employed in observatfons with 
the  pendulum is a slightly modiiled form of the in- 
strument used by Michelson, i ts  inventor. With this 
instrument the slight movement (flezure) of the 
receiver which is caused by the swinging penduktm 
is measured. 

interior angle.-See under angle. 
International Map of the World map projection.-See 

under map projection: International Map of ths  
World. 

international meter.-See under meter. 
International Prototype Meter.-See under meter. 
intersection: point of.-See under curve. 
intersection station.-See under station 
interval: stadia (leveling).-The length of rod sub- 

tended between the top and bottom cross wires in 
the leveling instrument as seen projected against 
the face of the leveling rod. 

invar.--dn alloy of nickel and steel having a very low 
coeflcknt of thermal ezpansion. 

Invar was discovered by C. E. Guillaume of the 
International Bureau of Weights End Measures, 
Paris. Having a coeflcient of thermal expansion 
of about one-twenty-fifth that  of steel, it has replaced 
steel in the construction of tapes for measuring 
geodetic base lines, and is used in other places where 
a metal of tha t  characteristic is desired. Iuvar is 
used in the construction of 8ome leveling rods and 
first-order leveling instruments. Invar is also used 
in the construction of pendulums. 

invar pendulum.-See under pendulum. 
invar rod.-See under leveling rod. 
invar tape.-See under base tape. 
bvariable pendulum.-See under pendulum. 
inverse: geographic.-See under inverse position com- 

putation. 
bverse position computation.-The derivation of the 

length, and the forward and back azimuths of a geo- 
detic line by computation based on the known geo- 
detic positions of the ends of the line. 

This is called a n  inverse position computation 
(or a n  inverse) because it reverses the usual order 
of computation, where a new geodetic position is de- 
rived by computation, using i ts  azimuth and distance 
from a known geodetic position. 

tsland.*-A body of land extending above and com- 
pletely surrounded by water at mean h4gh water. 

The above dellnition is of universal application 
in surveying and mapping operations in the United 
States, and is fully supported by federal court deci- 
sions relating to  the ownership of land. In  foreign 
affairs, however, international negotiations are  af- 
fected by various and different conceptions of what 
constitutes the boundary line between the land and 
the water. 

isometric (conformal) latitude.-See under latitude. 
isoperimetric curve.-A line on a map projection along 

which there is no variation from exact scale. 
There are  two isoperimetric curves passing through 

cvery point on an equaharea map projection. This 
characteristic gives that  class of projections some 
preference for engineering maps. 

isoatasy.-A condition of approximate equilibrium in 
the  outer par t  of the earth, such tha t  the  gavl ta -  
tioual effect of masses extending above the surface 
of the geoid in continental areas is approximately 
counterbalanced by a deficiency of density in the 
material beneath those masses, while t h e  effect of 
deficiency of density in ocean Waters is couuterbal- 
anced by a n  excess of density in the material under 
the  oceans. 

The basic principle of isostasy is tha t  the masses 
of prismatic columns of the outer part of the ear th  
extending to some constaht depth below the surface 
of the geoid are  proportional to  the areas  of their 
sea-level sections, regardless of their surface eleva- 
tions. The depth below sea level to which these 
hypothetical columns extend is known as the depth 
of isostatic compensation. and is somewhere between 
60 and 70 statute miles. The area of the  sea-level 
section of a unit hypothetical COlumh for which 
Csostatic compensation i B  ordinarily complete has 
not been determined ; it may be uniform for all parts 
of the earth, or may vary with the character of 
the  relief in  the same continental regions. 

While isostasy is generally accepted as a proven 
principle, there are  several theories a s  t o  the rela- 
tive distribution of the matter producing tbis con- 
dition of equilibrium, the two principal ones being 
those of Airy and of Pratt.  

The Pra t t  theory, announced by J. H. Prat t  in 
1855, assumed that  the continents and islands pro- 
ject above the average elevation of the solid surface 
of the earth because of material of less density 
beneath them: the higher the surface, the lesser 
the dehsity below. Under the Pra t t  theory, complete 
equilibrium exists at some uniform depth below 
sea level: the same depth for ocean areas a s  for 
land masses. It is the theory accepted by geo- 
desists and by many geologists, and used in the 
investigations of isostasy by Hayford and  Bowie of 
the U. 5. Coast and Geodetic Survey. 

The Airy theory, announced by G. B. Airy in 
1855, postulated the continents and islands as rest- 
ing hydrostatically on highly plastic or liquid mate- 
rial, with roots or projections penetrating the inner 
material of the  earth, just a s  icebergs extend down- 
ward into the water. The greater the  elevatlon, 
the  deeper the penetration. It has been called the 
“Roots of Mountaih Theory,” and has the  support 
of some geologists. The fundamental difference be- 
tween the  two theories is tha t  Pra t t  postulated 
uniform depth with varying density, while Airy 
postulated uniform density with varying depth. The 
term “isostasy,” meaning equal pressure, was first 
proposed by C. E. Dutton in a paper entitled “On 
Some of the Greater Problems of Physical Geology,” 
delivered before the Philosophical Society of Waah- 
ihgton on April 27, 1889, and printed in Bulletin 
No. I1 of that  Society. 

isostatic adjustment-The process of restoring and 
maintaining tha t  condition of equilibrium in the so- 
called crust of the earth which is known as isoetasy. 

The distribution of material in the outer part of 
the earth is undergoing continual change by the 
operation of erosion, sedimehtation, and other nat- 
ural forces. The unbalanced condition which would 
naturally result from such disturbing processes is 
offset by the movement of material a t  considerable 
depths below the surface of the earth. See isostatio 
compensation: depth of isostatic compensation. 

isostatic anomaly.-See under anomaly. 
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isostatic compensation.-The departure from normal den- 
sity of material in the lower par t  of a column of the 
earth’s cruet which balances (compensates) land 
masses (topography) above sea level and deficiency 
of mass in  ocean waters, and produces the condi- 
tion of approximate equilibrium of the earth’s crust 

isostatic compensation : depth of.-The depth below 86x3 

level a t  which the condition of equilibrium known as 
6sostasy is complete. 

Investigations of geodetic and gfavimetric da ta  

known 88 isostasy. 

GEODETIC SURVEY 

in  the United States determine a depth of isostatic 
compensation of between 60 and 70 statute miles. 

isostatic geoid.-See under geoid. 
isostatic reduction: Bullard method of.-See under Hay- 

ford-Bullard (or  Bullard) method of ieostatic re- 
duction. 

isostatic reduction: Hayford-Bowie method of.-See under 
Hayford-Bowie method o f  isostatic reduction. 

isostatic reduction : Hayford-Bullard (or Bullard) method 
of.-See under Hayford-Bullard (or Bullard) method 
of (eostatio reduction. 

J 
Jacob’s staff.-A single staff or pole used for mounting 

a surveyor‘s compass or other instrument. 
Used in  place of a tripod, a Jacob’s staff was 5tted 

with a ball-and-socket joint at its upper end, by 
means of which the instrument was adjusted to a 

Julian calendar.-See under calendar. 
junction (leveling).-The place where two or more lines 

of levels are  connected together. 
function bench mark.-See under bench mark. 

level position ; the  foot was 5tted with a metal 

the  ground. Many of the early land surveys in  this 
country were made with surveyor‘s compasses mount- 

jmction detail.-See detail: function. 
shoe which pressing the staff j-ction fig~re.-A triangulation figure in which three 

0’ more triangulation “‘8 meet, Or two 0’ more 

ed on Jacob’s staffs. wc8  intersect. 

K 
knife edge (pendulum).-A suspension bearing used in 

the  support of a pendulum. 
The knife edge bears on a plane. The Mendenhall 

pendulum used in the work of the U. S. Coast and 
Geodetic Survey originally had a n  agate knife edge 
mounted in its head, which was stirrup-shaped ; this 

agate knife edge rested on an agate plane which was 
rigidly mounted in the receiver. In apparatus made 
since 1898, the positions of knife edge and plane are  
reversed, the plane being attached to the pendulum, 
and the knife edge mounted in the receiver. 

Kripniyuk-Kwiklokehun datum.-See under datum. 

L 
Lambert azimuthal polar map projection.-See under map 

projection. 
Lambert central equivalent map projection upon the plane 

of the meridian.-See under map projection: Lambert 
zenithal (azimuthal) equal-area. 

Lambert conformal map projection.-See under map pro- 
jection.\ 

Lambert equal-area meridional map projection.4ee a- 
der map projection. 

Lambert grid.-An informal designation for a lgtate 
coordinate system based on a Lambert conformal map 
projection with two standard parallels. 

Lambert zenithal (azimuthal) equal-area map profecfion.- 
See under map projection. 

land boundary.-See under boundary. 
land court.-A tribunal established for the purpose of 

administering legislative statutes relating to land 
boundaries and titles. 

There are  land courts i n  Massachusetts and in 
Hawaii. 

land forms.*-The shapes into which the earth’s sur- 
face is sculptured by natural forces. 
A land form is subject to portrayal by various 

means or to the interpretation of its probable origin, 
cause, or history. The form in all cases is the same. 
Whether it is a topographic form or a physiographic 
form depends upon the use for which it is considered. 
The term land form is used extensively in place of 

and with the meaning of the more restricted term, 
physiographic form. I t  is sometimes written a s  one 
word, landform, but the two-word spelling, land form, 
is preferred. 

land survey.-See under suweylng: land surveying. 
land surveying.-See under surveying. 
landmark.-Any monument or material mark or  5xed 

object used to designate the location of a Zund 
boundary on the ground. Any prominent object on 
land which may be used in determining a location 
or a directton. 

Laplace azimuth.-See under azimuth. 
Laplace azimuth mark.-See under azimuth mark. 
Laplace condition.-See under Laplace equation. 
Laplace equation.-The equation which expresses the 

relationship between astronomic and geodetic azC 
muthe in terms of astronomic and geodetic long& 
tudes and geodetic latitude. A usual form is 

in which 0.4 and X A  are  astronomic azimuth and long6 
tude, w, XO, and +G are  geodetic azimuth, longdtude, 
and latitude respectively. The signs depend upon 
convention. As written above, north latitudes and 
west longitudes are considered positive. 

The Laplace condition (expressed by the Laplace 
equation) arises from the fact that  a deJeection o f  
#he vertical in the plane of the prime vertical will 
give a difference between crstronomic and geodetic 

olA-aQ=-(XA-h)Sh & 
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longitude and between astronomic and geodetic azC 
muth; or, conversely, t h a t  the observed differences be- 
tween astronomic and geodetic values of the long& 
tude and of the azimuth may both be used to deter- 
mine the deflection in the plane of the prime vertical. 
This deflection cannot have two values a t  the same 
place, and the imposition of the Laplace condition 
forces a consistency between them. Since longi- 
tudes can be carried through triangulation with very 
good accuracy and azimuths cannot, the practice is to 
compute the value of the deflection for azimuth from 
the dellection in the prime vertical obtained from 
the longitude. The value of the azimuth thus ob- 
tained is known as a Laplace azimuth. 

The symbol ar, is proposed for Laplace azimuths, 
for use in formulas and wherever a special symbol 
is desirable. In computing a control survey, the 
dejlection of the vertical a t  the initial station will 
affect any Laplace equations in the net. I n  the read- 
justment of the horizontal control survey net of the 
United States which introduced the North American 
datum of 1927, azimuth control was furnished by 
Laplace azimuths distributed throughout the net. In 
the investigation of the figure of the earth and 
leostasy which produced the International Ellipsoid 
of Reference, the  Laplace condition was expressed 
as follows : 

The symbols marked with a prime ( I )  represent geo- 
detic values, those with a subscript letter ( A )  repre- 
sent astronomic values, The use of a subscript let- 
t e r  (a) for geodetic values is preferred. 

The Laplace equation is so-called after Pierre 
Simon Laplace (1749-1827), who derived a general 
form for it when comparing the shape of the earth 
with a mathematical figure. (MBcanique a l e s t e ,  
1799, by Marquis de Laplace. English translation 
by Nathaniel Bowditch, published in 1832, vol. 2, 
p. 385.) 

Laplace station.-A triangulation or traverse station at 
which a Laplace azimuth is determined. 

At a Laplace station both astronomic longitude 
and astronomic azimuth are determined. 

large scale.-See under map scale: fractional. 
lat.-See under latitude: difference of ZatituGe (plane 

surveying). 
latitude (general) .-A coordinate distance, linear or an- 

gular, from an east-west reference line. 
latitude (on a sphere).-The angle a t  the center of a 

sphere between the plane of the equator and the  
line to the point on the surface of the sphere. 

Some problems of geodesy and cartography are  
greatly simplified by the  use of latitudes on a sphere 
which has some definite relationship (as  equal area 
or equal volume) to the spheroid. 

ktitude (plane surveying) .-The perpendicular distance 
in a horizontal plane of a poiht from an east-west 
axis of reference. 

The diference of latitude of the two ends of a 
line is frequently called the latitude of the line, and 
defined a s  the orthographic projection of the line 
on a reference meridian. The latitude (as  above 
defined) of the middle of a libe is also referred to 
a s  the latitude of the line. 

latitude: astronomic.-The angle between the plumb 
line and the  plane of the oelestiaE equator. Also 
defined a s  the  angle between the plane of the horizon 
and the axis of rotation of the earth. 

Astronomic latitude i s  the latitude which results 
directly from observations on celestial bodies, un- 
corrected for deflection o f  the vertical (station 
error) which, in the United States, may amount to a s  

eo8 # ( X A - A ’ ) - - W t  +’ b A - 4  

much as 25”. Astronomic latitude applies only to  
positions on the earth, and is reckoned from the 
astronomic equator ( O ” ) ,  north and south through 
900. 

latitude: authalic (equal-area).-A latitude based on a 
sphere having the same area a s  the spheroid, and 
such tha t  areas between successive parallels o f  lati- 
tude are  exactly equal to the correspondfng areas 
on the spheroid. 

Authalic latitudes are  used in the computation 
of egual-area map projections. For mathematical 
definition and discussion consult U. S .  Coast and 
Geodetic Survey Special Publication No. 67, Latl- 
tude Developments Connected with Geodesy and 
Cartography, by 0. S. Adams, 1921. 

latitude: celestial.-The arc of a great circle perpendic- 
ular to the ecliptic, intercepted between the ecliptic 
and the object whose latitude is to be defined. 

Celestial latitude is not the same a s  astronomic 
latitude, and does not enter into usual problems of 
surveying. 

latitude: difference of latitude (plane surveying).-The 
orthographic projection of a line on a meridian of 
reference. 
By custom, this  term has been shortened to lati- 

tude or  Zat., which is frequently used where differ- 
ence of latitude is intended. It is north or positive, 
and sometimes termed the northing, for a line whose 
azimuth or  bearing is in the northwest or  northeast 
quadrant ;  i t  is south or negative, and sometimes 
termed the southing, for a line whose azimuth or 
bearing is in the southeast or southwest quadrant. 

latitude: geocentric.-The angle a t  the center of the 
earth between the plane of the celestial equator and 
a line to a point on the surface of the earth. 

Geocentric latitude is used as  a n  auxiliary latitude 
in some computations in astronomy, geodesy, and 
cartography, in which connection it is defined as 
the angle formed with the major axis of the ellipse 
(meridional section of the spheroid) by the radius 
vector from the center of the ellipse t o  the given 
point. In astronomic work, geocentric latitude is 
also called reduced latitude, a term t h a t  is some- 
times applied to parametric latitude in geodesy and 
cartography. The geocentric and isometrio latitudes 
are  approximately equal. 

latitude: geodetic.-The angle which the normal to the 
spheroid a t  a point makes with the plane of the 
geodetic equator. 

Geodetic latitudes are reckoned from t h e  equator, 
but in the horizontal control survey of the  United 
States they a re  computed from the latitude of sta- 
tion Meades Ranch as prescribed in the North AmerC 
can datum of 1927. I n  recording a geodetic position, 
it is essential tha t  the geodetic datum on which i t  
is based be also stated. A geodetic latitude differs 
from the corresponding astronomic latitude by the 
amount of the meridional component of the local 
defleCtiO?& of the vertical ( S t Q t i O n  error) which, in 
this country, may amount to more than 25”. 

latitude: geographic.-A general term, applying alike to  
astroaomic latitudes and geodetic latitudes. 

latitude: isometric (conformal).-An auxiliary latitude 
used in the conformal mapping of the spheroid on a 
sphere. 

B y  transforming geographic latitudes on the sphe- 
roid into isometric latitudes on a sphere, a con- 
formal map projection ( the Mercator) may be eal- 
culated, using spherical formulas, for the plotting 
of geographic data. For a mathematical definition 
of isometric latitude see U. S. Coast and Geodetic 
Survey Special Publication No. 67, Latitude Devel- 
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opments Connected with Geodesy and Cartography, 
by 0. S. Adams, 1921. The isometric and geocen- 
tric latitudes are  approximately equal. 

latitude : parametric (geometric or redhced) .-The angJe 
at the center of a sphere which is tangent to the 
spheroid along the geodetic equator, between the 
plane of the equator and the radius to the point 
intersected on the sphere by a stralght line per- 
pendicular to the plane of the equator and passing 
through the point on the spheroid whose parametric 
latltude is deflned. 

Parametric latitude is a n  auxiliary latitude used 
in problems of geodesy and cartography. For mathe- 
matical definitlon see U. 9. Coast and Geodetic Sur- 
vey Special Publication No. 67, Latitude Devel- 
opments Connected with Geodesy and Cartography, 
by 0. S. Adams, 1921. In  astronomical work, when 
the term reduced latitude is used, geocentric lati- 
tude is meant. 

latitude: rectifying.-The latitude on a sphere such 
tha t  a great circle on it has the same length as a 
meridian on the spheroid, and such tha t  all lengths 
along a meridian from the equator are  exactly equaI 
to  the corresponding lengths on the 8pherOjd. 

Rectifying latitude is an auxiliary b t i tude  used 
in problems of geodesy and cartography. For mathe- 
matical deflnition see U. 8. Coast and Geodetic Sur- 
vey Special Publication No. 67, Latitude Develop- 
ments Connected with Geodesy and Cartography, by 
0. S. Adams, 1921. 

latitude: variation of.-A small periodic change in the 
astronomic b t f t u d e  of points on the earth, due to  
variation of the pole. 

latitude equation.-See under equation. 
latitude level.-See under level. 
least squares-A mathematical method of determining 

the most probable values of a series of quantities 
from a set of observations greater in number than 
are necessary t o  determine those quantities. 

Credit for the discovery in 1770 of the method 
of least squares is sometimes given to Lagrahge, 
although his method was lost or forgotten for some 
time. Credit for the discovery is more often given 
to Gauss, who used it in 1795 but did not publish 
his results until 1809, while i t  had been demon- 
strated by Adrain in 1808. Laplace demonstrated 
it in  1810 and in 1812, and i t s  theory was compared 
with practice by Bessel in 1818. It rests upoh the 
mathematical demonstration that  where each of a 
very large number of observations of any quantity 
is of the same quality as the others, the most prob- 
able value of the quantity is the one for which 
the  sum of the squares of the residual errors (or 
corrections) is a minimum. If the observations 
a re  of unequal coe4ght, then the most probable value 
is the  one for which the sum of the squares of 
the weighted residuals is a mihimum. I n  survey 
work, the method of least squares provides a means 
of obtaining the most probable values of position 
and associated data, and a t  the same time fully 
coordinating and correlating those data. The ad- 
justed survey da ta  distributed by the U. S. Coast 
and Geodetic Survey are  obtained by the method of 
least squares. Least squares have also been desig- 
nated a s  “minimum squares.” 

left bank.-See under bank of stream. 
Legendre’s theorem.-The angles A, B, and U of a spheri- 

cal triangle whose sides a re  a, b, and c, supposed 
very small with respect to the radius of the sphere, 
a re  equal to  the  corresponding angles of a plane 

triangle whose sides a re  a, b, and c, increased each 
by one-third the spherical ezcess of the triangle. 

I n  two ,triangles, one a spherical triangle whose 
sides a, b, and c are  very small in comparison with 
the radius of the sphere and the other a plane 
triangle having sides of the same length as the 
spherical triangle, the angles A, B, and C of the  
spherical triangle are greater than the corresponding 
angles of the plane trlangle, each by one-third of 
the  spherical excess of the spherical triangle. 

The use of Legehdre’s theorem greatly simplifles 
the treatment of spherical triangles in geodetic work, 
by permitting their solution a s  plane triangles. 
This theorem is named after the French mathemati- 
cian, Adrien Marie Legendre (1752-1833). who dem- 
onstrated it. 

(Alternate definition.) 

length correction : tape.-See under tape. 
length equation.-See under equation. 
lens: achromatic.-See under achromatfc lens. 
lens: aplanatic.-See under aplanatic lens. 
lens aris.-See under principal axis. 
level: bdl’s-eye.-See under level: circular. 
level: chambered spirit.-A level tube with a partition 

near one end which cuts off a small a i r  reservoir, 
so arranged tha t  the length of the bubble can be 
regulated. 

level: circular-A 8pMt ZWel havlng t h e  inside sur- 
face of i ts  upper part ground to  spherical shape, 
the outline of the bubble formed being circular, 
and the graducrtions being concentric circles. 

This form of .spirit level is used where a high 
degree of precision is not required, as in plumbing 8 
level rod or setting a n  instrument in approximate 
position. Also termed universal level ; bulls-eye 
level. 

, 

level: 5rst-order.-See under leveling 4nstrument. 
level: hand.-See under leveling instrument. 
level: hanging.-A spirit level so mounted that ,  when in 

use, its level tnbe is lower in elevation than its 
points of support. 

A hanging level literally hangs from the member 
of the surveying or astronomical instrument whose 
position with reference to a horizontal line it meas- 
ures. It is used in place of a striding level to 
measure the inclination of the horizontal U X i 8  of the 
broken-telescope transit. 

level: latitude.-A sensitive Spirit level attached t o  the 
telescope of a n  instrument employed for observing 
astronomic latitude, in such manner tha t  when the 
telescope is clamped in position, the level measures, 
in  a vertical plane, variations in the direction of the 
line o j  collimation. 

A latitude level is of greater sensitivity than the 
level which is attached to the finder circle of an 
astronomical instriment to aid in placing its tele- 
scope a t  the proper inclination for  bringing a selected 
celestial object into the field of view at the expected 
time. 

level: precise.-See under leveling instrument. 
level: spirit (general).-A small closed vessel of t m n S -  

parent material (glass), having the inside surface 
of its upper par t  curved (circular) in  form; the 
vessel is nearly filled with a fluid of low viscosity 
(alcohol or ether), enough free space being left for 
the formation of a bubble (blister) of a i r  and gas, 
which will always assume a position at the top of 
the vessel. 

Many surveying operations depend upon the in- 
strumental establishment of the plane of the horizon, 
which is accomplished with the aid of a spirit level. 
For work of high precision, where exact establish- 
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ment of the  plane of the  horizon is desired, a spirit 
level of great sensitivity is employed to  determine 
deviations from t h a t  plane, and corresponding cor- 
rections are  then applied t o  the observations. 

There a re  two types of spirit levels used i n  ~ u r -  
veying : one having the curved surface spherical in 
form, producing a bubble of circular outline, a n d  
defined under the term circular level. The other, 
a n d  much more generally used type, has  a vessel 
in the form of a circular tube, the longitudinal axis  
of which is also circular in  form. It !s defined under 
t h e  term spirit level, and is the type usually referred 
to  when tha t  term is used. 

level: spirit.-A closed glass tube (vial) of circular 
cross section, its center line also forming a circular 
arc, its interior surface being ground t o  precise form ; 
it is nearly filled with ether or other liquid of low 
viscosity, enough free space being left for  the for- 
mation of a bubble of air and gas. 

This is the type of spirit level used on those 
surveying and astronomical instruments which make 
use of the horizon (or zenith) a8 a reference of oh- 
servations, and which require more than a n  appro& 
mate adjustment to  such reference. When in  ad- 
justment, a tangent to the center of the level bubble 
defines a horizontal line in the plane of the longi- 
tudinal axis of the level tube, with an accuracy ani3 
precision which depend upon the quality of the  work- 
manship and the sensitivity of the level. The sensi- 
tivity, sometimes termed sensibility, of a spirit level 
depends upon the radius of curvature of its longi- 
tudinal section : the  longer the radius, the more sen- 
sitive the level. The sensitivity is rated by equating 
t h e  linear length of a division between graduation 
marks on the level tube and its angular value at 
t h e  center of curvature of the tube. Example: 
stride level of meridian telescope No. 9 (U. S. Coast 
and  Geodetic Survey), 1 division=2 mm.=1.884“ at 
12” C. A usual value for  the sensitivity of the long 
level on a surveyor’s transit is: 1 division=3/20 
inchz30” .  

level: striding.-A spirit leveZ so mounted tha t  it may 
be placed above and parallel with the horizontal 
ads of a surveying or  astronomical instrument, and  
so supported in  use tha t  it may be used to measure 
the inclination of the horizontal axis to  the plane of 
t h e  horizon. 

Generally, the spirit level of a striding level is 
of greater than average sensitivity, and  its mount- 
ing has supports in the form of inverted wyes which 
rest  directly upon the pivots on which the telescope 
of the instrument rotates. It is used to make t h e  
inclination of the  hor(zontal a d 8  quite small a n d  
then to measure the magnitude of any remaining 
inclination. 

level : universal.-See under level: drcular level. 
level : wind, spirit level.-Lack of parallelism between 

t h e  axis of a spirit level vial and the line joining 
the  centers of its supports. 

When wind (pronounced to  rhyme with find) is 
present, if the  spirit level is rocked on its supports, 
t h e  bubble will respond with a longitudinal move- 
ment. 

level axis: spirit.-The line tangent t o  the  surface of a 
spirit-level tube (vial) against which the bubble 
forms, at the  center of the  graduated scale of t h e  
level, and  in  the plahe of the tube (vial) and its 
center of curvature. Also called axis of the level, 
axis  of the level bubble. 

When the level bubble is in the center of t h e  
graduations, and the  plane through the center line 
of the level tube and its center of curvature is 

level constant.-See under conetant. 
level correction (leveling).-See under correction. 
level line: duplicate.-A line of 8pirit leveling composed 

of two single lines run over the same route, but  in 
opposite directions, and using different turning 
points. 

level line: multiple.-Two or  more single lines of 8pir(t 
leveling run between the same terminal points, but 
along different routes. 

level line: simultaneous.-A line of spirit leveling com- 
posed of two single lines run  over the same route, 
both in  the  same direction, hut using different 
turning points. Also called a simultaneous double 
line. 

level net.-See under survey net. 
level surface.-A surface which at every point is per- 

pendicular to  the plumb Une or the direction in 
which gravity acts. 

The 
surface of a body of still water is a level surface 
(see water leveling). The surface of t h e  ocean, if 
changes caused by tides, currents, winds, atmospheric 
pressure, etc., are  not considered, is a level surface. 
The surface of the geoid is a level surface. Any line 
lying in  a level surface is a level line. In a eurwey 
of a limited area, a level surface is sometimes treated 
as a plane surface. Level surfaces are  approximately 
spheroidal In shape, the distance between any two 
level surfaces decreasing with increase of latitude. 
For  example : a level surface which is 1.000 meters 
above the mean surface of the sea at t h e  equator 
is 995 meter8 above tha t  surface at t h e  poles. 

level trier.-An apparatus for use in measuring the  
angular value of the  divisions of a spirit level. 

A level trier may consist of a beam mounted on 
a stable base: one end of the  beam is hinged to t h e  
base, the other end can be moved vertically by means 
of a micrometer screw, the angular amount of the 
movement being measured with the micrometer. The 
spirit level is mounted on the beam, a n d  the angle 
through which the beam moves while t h e  bubble of 
the spirit level travels the  length of a division is 
measured with the micrometer. 

leveling: astronomical.-The determination of the fig- 
ure of the  geoid from deflections of the vertical. 

leveling: barometric.-A method of determining differ- 
ences of elevation from differences of atmospheric 
pressure observed with a hrorneter. 
BY the  application of certain correctOn8 and the  

use of what  is sometimes called the “barometric 
forniula,” a difference of atmospheric pressure a t  two 
places is transformed into a difference of elmatione 
of those places. If the elevation of one station above 
a datum (as  sea level) is known, the approximate 
elevatfons of other stations connected with it by 
barometric leveling can be known. By using barom- 
eters of special design, and including several stations 
of known elevation in  a series of occupied stations, 
the accuracy of the  elevation8 determined for the  
new stations is increased. Corrections a r e  applied 
for temperature, latitude, index of barometer, closure 
of circuit, diurnal variation in  atmospheric pressure, 
etc. 

leveling: direct.-The determination of differences of 
elevation by means of a continuous series of short 
horizontal lines, the vertical distances from which to  
adjacent ground marks are determined by direct ob- 
servations on graduated rods with a leveling {netru- 
ment equipped with a spfrit level. 

leveling: Brst order.-Rpirit lewelfnfi conforming to the 
following criteria : al l  flrst-order leveling to be di- 
vided into sections of 1 t o  2 kilometers in length; 

A level surface is a n  equipotential surface. 

vertical, the  spirit level axis  will be horizontal. each section t o  be leveled over in both forward a n d  
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backward directions : the results of the two runnings 
over a section not to differ by more than 4.0 mil- 
limeters times the square root of the length of the  
section in kilometers (4.0 m m . v x ) ,  the equivalent 
of which is 0.017 foot times the square root of the 
length of the section in  miles (0.017 jt.vz). 

The above designation and criteria were recom- 
mended by the Federal Board of Surveys and Maps 
in May 1925. First-order leveling was formerly 
called precise leveling and leveling of high precision. 

leveling: geodetic.-Epirit levelfng of a high order of 
accuracy. usually extehded over large areas, to fur- 
nish accurate vertical control as a basis for the 
control in the vertical dimension for all surveying 
and mapping operations. 

Spirit leveling follows the geold and its asso- 
da ted  level surfaces which are irregular, rather than 
any mathematically determined spheroid or ellfpsofd 
and associated regular level surfaces. 

leveling: indirect.-The determination of differences of 
elevatfon from (1) vertfcal angles and horizontal 
distances, as  in trfgonometrfc leveling; (2) com- 
parative elevatfons derived from values of atmos- 
pheric pressure determined with a barometer, as  in 
barornet& ZeveWng; and (a) elevatlom derlved 
from values of the boiling point of water deter- 
mined with a hypsometer, as in thermometric ZeveL 
ing. 

leveling: precise-See under levelfng: prst-order h e &  
ing. 

leveling: second-order.-Epirft leveling which does not 
attain the quality of first-order levelfng, but does con- 
form to the following criteria : lines between bench 
mark8 established by first-order leveling to be run in 
only one direction, using first-order instruments and 
methods; or other linea to be divided into sections, 
over which forward ahd backward runnings are to 
be made; the closure in either case not to exceed 
8.4 millimeters times the square root of the length 
of the line (or section) in kilometers (8.4 m m . v x ) ,  
the equivalent of which is 0.035 foot times the 
square root of the length of the line (or section) 
in miles (0.035 t t .@) .  

The above designation and criteria were recom- 
mended by the Federal Board of Surveys and Maps 
in May 1925. 

leveling: spirit.-The determination of elevations of 
poihts with respect to each other, or with respect 
to a common datum, by means of an  instrument 
using a spirit level to establish a horizontal line 01 
utght. 

A &rit level is attached to a telescope in such a 
way tha t  the a d s  01 the level and the line or collfma- 
tfon may be made parallel, and the level adjusted 
so that its axis is horizontal. The difference of 
readings on vertical rods held on two different 
points is the difference in elevation of the points. 
If the elevation of one point is known, the other 
also becomes known. By a series of progressive 
level lines, each comprising the observed values at a 
single statioh, the elevations of a series of points 
(bench marks) are determined. Instruments used 
in spirit leveling are of various designs, to satisfy 
needs based on speed, cost, accuracy, and prectsbn. 
Among such types are the hand level, the wye level, 
the dumpy level, the Fiecher level, etc. Spirit level- 
ing has been classified by the Federal Board o! 
Surveys and Maps accordihg to the accuracy of the 
results obtained as follows : first-order leveling, 
second-order leveling, and third-order levelfng. 

GEODETIC SURVEY 

leveling : thermometric.-The determination of ebwo- 
tions above sea level from observed values of the 
boiling point of water. 

The temperature at which water boils at any 
point on the earth depends upon the weight of the 
incumbent atmosphere at that point. See hyp- 
someter. 

leveling: third-order.-levelfng which does not attain 
the quality of second-order leveling, but does conform 
to the following criteria : lines of third-order leveling 
shall not be extended more than 30 miles from lines 
of first- or second-order levelfng, and must close upon 
lines of equal or a higher order of accuracy; closing 
errors must not exceed 12 millimeters times the 
square root of the length of the line in kilometers 
(12 mm. vx) ,  the equivalent of which is 0.06 foot 
t imes the square root of the length of the line in 
miles (0.05 f t .  vx). 

The above designation and criteria were recom- 
mended by the Federal Board of Surveys and Maps 
in May 1925. Third-order leveling is used for sub- 
dividing loops of first- and second-order leveling, and 
to provide local vertical control for detailed surveys. 

leveling: trigonometFk-The determination of differ- 
ences of elevations by means of observed vertical 
angles, combined with lengths of lines. See vertical 
angulation. 

leveling: water.-A method of obtaining relative eleva- 
tions by observing heights with respect to the sur- 
face of a body of still water. 

The surface of a body of still water, as of a lake, 
is a level surface (egufpotentfal surface), and the 
relative elevatfons of objects along its shores may be 
obtained by taking the differences of their heights 
with respect to the surface of the water. It is with 
this meaning that the term “water levels‘’ is gener- 
ally used. 

leveling instrument: dumpy level.-A leveling instru- 
ment in which the telescope is permanently attached 
to the leveling base, either rigidly or by a hinge that 
can be manipulated by means of a micrometer screw. 

The dumpy level takes its name from the dumpy 
appearance of the early type of this instrument, the 
telescope of which was short and had a large object 
glass. Dumpy levels constitute one of two princi- 
pal classes of leveling instruments in which most lev- 
eling instruments nsed in surveying belong. The 
other class is represented by the wye (Y-)  level. 
The Rkcher level used by the U. 9. Coast and Geo- 
detic Survey on prst- and second-order work is a 
dumpy level. Method of mounting the telescope and 
not its shape is the identifying characteristic of 
a dumpy level. 

leveling instrument: Egault level.-A French instrument 
having the spirit level attached to a level bar which 
also carries wyes in which the telescope rests. 

In the so-called wye level, the spirit level is at- 
tached to the telescope, and is reversed with it. In 
Egault’s level, the telescope is reversed in the wyes 
without disturbing the spiW levek 

leveling instrument: 5rst-order level.-A leveling instrn- 
ment designed for the attainment of first-order re- 
sults. See under levezfng: first-order. 

A firstorder instrument is generally characterized 
by speclal features of design, and by superior work- 
manship in construction. A general, but not always 
W e t ,  distinction between instruments used in first- 
order and second-order leveling and other leveling 
instruments is the following: a flrst-order level ie 
carefully adjusted, and any fnstrumental errors re- 
maining are determined by observation and applied 
as correctfons to the observed differences of eleva- 
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t lon;  in using other leveling instruments, a careful 
adjustment of the instrument is made, and t h e r e  
af ter  no account is taken of errore remaining in the  
instrument. An important characteristic of level- 
ing instruments used in pret-order work at the prew 
ent  time is a mirror and prism arrangement by 
means of which the level bubble and the  level rod 
can be viewed at the same time, while a micrometer- 
screw control of the teleecope makes it possible to 
bring the level bubble to the center of ita tube at 
t h e  instant of reading the rod. There have been a 
number of different designs of leveling instruments 
used in this  country on firet-order leveling (formerly 
called precise leveling), but a l l  such work by the 
U. 8. Coast and Geodetic Survey is now done with 
a Fiecher level. 

leveling instrument : Fischer level.--The ofecial designa- 
tion of the instrument used by the U. S. Coast and 
Qeodetic Survey in the execution of first-order Jevel- 
tng. It is a dumpy level, Constructed of invar, biuoc- 
ular in design, having the spirit level placed in the  
tube of the main telescope, quite close to  the h e  ol  
collimation. The main telescope is on the right. A 
suitable arrangement of mirror and prisms brings 
an image of the bubble to  the left-hand eyepiece. 
The telescope is so mounted that, by means of a 
micrometer screw, its inclination can be changed 
through a small angle without altering its elevation. 

In use, the  observer sights the  rod with the right 
eye, and at the same time views the  bubble with 
the  left eye. By means of the micrometer screw, the  
inclination of the teleecope is changed until the  
bubble is seen in the middle of its tube;  the rod is 
read with the bubble in the mean position. The 
collimation error, made quite small by instrumental 
adjustment, is then determined, and a correction is 
applied to eliminate i ts  effect from the results. An 
i n v m  rod is  used, and the effects of rod temperature 
and index error considered. In  the computations, al- 
lowance is made for curvature of the earth and at- 
mospheric refraction. The Fischer level was designed 
by E. G. Fischer, formerly Chief of the Instrument 
Division, U. 5. Coast and Geodetic Survey, and 
adopted by that  Bureau in 1899. The use of 2nvar 
in its construction is of more recent date. 

leveling instrument: Gravatt level.-A dumpy level with 
the spirit level mounted on top of a short teleecope 
tube having a large object glass. Later made with 
wyes. 

This is said to  be the original dumpy level. which 
is also claimed for the Troughton leveZ. 

leveling instrument: hand level.-A small leveling instru- 
ment in which the spirit level is  so mounted tha t  
the  observer may view the bubble at the same time 
t h a t  he observes a n  object through the teleecope. 

The instrument is held in the hand when in  use, 
and the viewing of the bubble is accomplished by 
means of a prism or mirror in the telescope tube. 
The instrument is used in reconnaissance aurueys, 
and in cross-section and other work where a high 
degree of precision and accuracy is not required. 

leveling instrument: Lenoir level.-An instrument which 
has the teleecope passing through steel blocks, one 
near each end, whose upper and lower faces a re  plane 
and closely parallel: the  lower faces rest upon a 
brass circle ; the upper faces support a Spirit level, 
which is reversed in leveling the instrument, 

leveling instrument: Loeke hand level.-The generallp 
known design of a hand level. 

leveling instrument: precise level.-A leveling instrument 
for use where results of a high order of crcouraoy 

and precision are  required. See leveUng instrument: 
prst-order level. 

leveling instrument: Stampfer level-A name given a 
type of leveling instrument having the teleecope 
tube so mounted tha t  it could be moved in a uerttcaz 
p k n e  about a horizgntal axis, involving t h e  use of 
a etriding level and a micrometer screw. This type 
of instrument was also termed a Vienna level. 

The mechanical principle involved was apparently 
quite similar to  tha t  of the present-day first-order 
level. See leveling instrument: Fischer level. 

leveling instrument: Troughton level.-An English instru- 
ment having the epirit level permanently attached 
to  the top of the telescope tube. 

This is said to be the  original dumpy level, which 
is also claimed for the (havatt level. 

leveling instrument: U. S. Geological Survey level.-A 
level of the dumpy type, constructed of stainless 
steel. It has  an Internal-focusing telescope; the 
level bubble is centered by the  end-roincidence meth- 
od, effected with the aid of a prism device and 
stellite mirror wLich can be adjusted by the ob- 
server. 

This instrument is used by the  U. S. Geological 
Survey in seccvnd- and third-order leveling. By sub- 
stituting a more sensitive spirit level and a more 
powerful eyepiece for  the regular equipment, it  may 
be used for first-order work. The interval between 
stadia wires is such tha t  the half-interval intercept 
on the rod, multiplied by 1,000, will give the  distance 
to the rod in feet. 

leveling instrument: w e  (Y )  level.-A leveling instru- 
ment having the telescope with attached spirit level 
supported in wyes (Y’s), in which it may be rotated 
about its longitudinal axis (collimution a&), and 
from which it may be U t e d  and reversed, end for 
end. 

The instrumental adjustments made possible by 
this mounting are  peculiar to the instrument. It 
forms one of two general classes of leveling instru- 
ments, the other class being represented by the 
dumpy level. 

leveling of high precision.-See under leveling: prst- 
order leveling. 

leveling rod (general).-A straight rod or bar, designed 
for use in measuring a vertical distance between a 
point on the ground and the line of collimation of a 
leveling instrument which has been adjusted to a 
horizontal position. 

A leveling rod is usually of wood, and has a flat 
face which is graduated in terms of some linear 
unit and fractions thereof, the zero of t h e  gradua- 
tions being a t  one end of the rod. Some rods have 
the graduations on a metal face ( h v o r  rod). On 
some rods the graduation marks a r e  designed to be 
read by the observer a t  the  leveling instrument: 
such a rod is termed a speaking rod or self-reading 
rod. Another type of rod, called a target rod, 
carries a target which is moved into position by 
the rodman in accordance with signals given by 
the man at the instrument: when the target is 
bisected by the line of collimation, it is read by the 
rodman. There are  many different designs of rods, 
which will be found defined under leveling rod, 
followed by the identifying name of t h e  rod. . 

leveling rod: Bar1ow.-A speaking rod marked with trl- 
angles each 0.02 foot in height. 

leveling rod: Boston..-A two-piece rod with fixed target 
on one end. 

The target is adjusted in ezevation by moving one 
par t  of the rod on the other. Read by vernier. 
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For heights greater than 5% feet, the  target end 
is u p ;  for lesser heights, the  target  end is down. 
It is a little-used rod. 

leveling rod : Conybeare.-A speaking rod having tenth- 
of-foot divieions, alternately black and white, each 
division having on it three hexagons i n  the con- 
t ras t ing color, white or black. 

leveling rod: Gravatt.-A speaking rod, marked with 
rectangles each 0.01 foot high, the  rectangles a t  
the  tenths  of foot being longer, and  those at the 
half-tenths being identified by dots. 

leveling rod: invar.-A leveling rod having the gradua- 
ttons pninted on a str ip  of invar. 

The s t r ip  of invar is set into the face of the 
wooden rod, firmly attached to the  bottom of the 
rod (rod shoe), and held in  place by guides and by a 
tension spring at the top of the rod. Invar  rods 
are used in  first-order leveling. 

leveling rod: Molitor precise.-A speaking rod of T- 
shaped cross flection, with graduation marks shaped 
as triangles and  rectangles, the smallest division 
being 2 millimeters. 

Rend by estimation to  single millimeters. 
Equipped with thermometer and circular level. 

leveling rod: New York.-A two-piece rod with movable 
target. 

For heights greater than 6% feet, the target  is 
clamped at 6% feet and raised by extending the rod. 
Graduated to  hundredths of a foot and  read by 
vernier t o  thousandths. 

leveling rod: Pemberton.-A speaking rod marked with 
al ternate  rows of circular and diamond-shaped dots, 
runhing diagonally across the  rod. 

Read to hundredths of a foot. 
leveling rod: Philadelphia.-A two-piece target rod, with 

graduation marks so styled t h a t  it may also be used 
as a speaking rod. 

For heights greater than 7 feet the  target is 
clamped at 7 feet, and  raised by extending the rod. 
As a target rod it is read by vernier to  thousandths 
of a foot: as a speaking rod, t o  half-hundredths. 

leveling rod : self-reading or speaking.-See under level- 
ing rod (general). 

leveling rod: Stephenson.-A speaking rod having grad- 
uations formihg n diagonal scale, with horizontal 
lines through the  tenth-of-foot marks. 

This  rod is read to hundredths of a foot. 
leveling rod: target.-See under leveling rod (general). 
leveling rod: U .  9. Coast and Geodetic Survey first-order.- 

Adopted in 1916, the rod now used in  first- and 
second-order leveling is a epeaking rod having a 
s t r ip  of invar set in one face, and held in  place by a 
tension spring at the top of the strip, its bottom being 
firmly attached to the shoe of the rod. The 
invar st r ip  carries centimeter divisions, alternately 
black and white, and is read by estimation to milli- 
meters. The back side of the rod is graduated in 
feet and  tenths. It is equipped with thermometer 
and circular level. Sometimes called a n  invar rod. 

leveling rod: U.  9. Coast and Geodetic Survey rods.- 
Leveling rod8 used in the execution of first-order 
(formerly precise) and second-order (formerly pri- 
mary )  leveling, before 1895. A target rod having 
graduations on a metal s t r ip  about 3 meters long 
set  in  a wooden rod of plus-sign (+) cross section, 
the lower end of the s t r ip  firmly attached to  the 
wooden rod, the upper end free to  respond to  changes 
of temperature. Pointings made on target  equipped 
with small metal scale. 

Abont 1894, a rod of plus-sign ( f )  cross section 
was constructed, having graduation marks painted 
to show 1-centimeter intervals, brass plugs being 

set at 2-centimeter intervals. The rod carried a 
target  and was read to  millimeters by means Of a 
tcent imeter  scale. It was equipped with a ther- 
mometer and  a circular level. This rod was replaced 
with a speakhg rod of plus-sign (+) cross section, 
having painted on it graduation marks of 1 Centi- 
meter, read by estimation to  millimeters. Two metal 
plugs set in  the rod 3 meters apar t  were used i n  
its standardization. It was equipped with ther- 
mometer and  circular level. In 1916 the rod now 
in use was adopted. See under leveling rod: U. 19. 
Coast and Geodetic Xurvey first-order leveling rod. 

leveling rod: U. S .  Engineer precise.-A speaking rod 
of T-shaped cross section, 1 2  feet long, graduated 
in centimeters. 

leveling rod: U. 5. Geological Survey precise.-1. A 
speaking rod graduated in  yards and fractions 
of a yard. It is read for  each of three cross wires 
to t h e  nearest thousandth of a yard. The sum of 
the three readings is then the mean rending in feet 
to the  nearest thousandth. 2. A turget rod of plus- 
sign (+) cross section, a little over 1 2  feet  in 
length. 

There a r e  two forms of this rod : the  single-target 
rod, having graduations on one face only ;  and  the 
double-target rod, with graduations on two opposite 
faces. 

line of apsides.-The major axis of an elliptical orbit 
extended indefinitely in both directions. 

line of collimation.-See under collimation. 
line of levels.-A continuous series of measured differ- 

ences of elevation. The individual measured differ- 
ences may be single observations in  the  case of single- 
r u n  leveling or the means of repeated observations 
in the  case of double-run leveling. 

line of levels: spur.-A line o f  levels run as a branch 
from the main line of levels, either for  the purpose 
of determining the elevations of marks not con- 
veniently reached by the main line of levels or t o  
connect with tidal bench mark8 or other previously 
established bench mark8 in obtaining checks on old 
leveling either at the  beginning or end of a line of 
levels or at intermediate junctions along the new line 
of levels. 

line of position.-Any line on which a position is known 
to be located. A Sumner line. 

Line of position or position line is a more general 
term than Xumner line, which it includes. 

line of sight.-& under collimation: line o l  collima- 
tion. 

line tree (United States public-land surveys) .*-A tree 
intersected by a surveyed line on which legal corners 
are established, and  reported in t h e  field notes of 
the survey. Also termed a sight tree, fore-and-aft 
tree. 

lines on a spheroid.-See under spheroid. 
link.-A unit of linear measure, one one-hundredth of a 

chain, and equivalent to 7.92 inches. 
See under chain: Gunter’s chain. 

link (leveling).-A line, a part  of a line, or a combina- 
tion of lines or par ts  of lines o f  levels, which, taken 
as a unit, make a continuous piece of leveling di- 
rectly from one junction bench mark to  another 
Junction bench mark without passing through or 
over any  other junction bench marks. 

link of levels.-See link (leveling). 
local adjustment.-See under adjustment: s t a t b n  a& 

local apparent time.-See under time. 
local mean time.-See under time. 
local sidereal time.-See under time. 
location survey.-See under surveu. 
Locke hand level.-See under leveling inatrument. 

f u s t m a t .  



long chord.-The chord which extends from the point 
of curvature to the point of tangency. See under 
curve: point o f  curvature; point o f  tangency. 

I n  descriptions of a circular land boundary, the 
length and bearing of the long chord is a n  important 
feature. 

longitude (general).-A coordinate distance, linear or 
angular, from a north-south reference line. 

longitude: astronomic.-The angle between the plane of 
the celestial meridian and the plane of a n  initial 
meridian, arbitrarily chosen. 

Astronomic longitude is the longitude which re- 
sults directly from observations on celestial bodies, 
uncorrected for deflection of the vertical, the prime 
vertical component of which, in  the United States, 
may amount to more than 18”. Astronomic longi- 
tude is measured by the angle at the celestial pole 
between the tangents to the local and the initial 
meridians, or by the arc intercepted on the equator 
by those meridians. At a n  international convention 
held in Washington, D. C., in 1884, the  Meridian of  
Greenwich was adopted a s  the initial o r  prime merid- 
{an  for a l l  longitudes, and is now generally so used. 
An expression of longitude is sometimes accompan- 
ied by a statement of the method used in  its deter- 
mination, often in adjective form, as “wireless longi- 
tude,” This may serve as a n  indication of i ts  preci- 
sion. Among the various methods used are  the 
following : 

celestial signals.-The local time a t  the  new sta- 
tion of the occurrence of celestial phenomena is com- 
pared with the corresponding time of the occurrence 
a t  a base station. Among such phenomena are  
eclipses of the Moon, eclippses of Jupiter’s satellites, 
occultations of stars, etc. 

chronometric.-The local time at the new station 
is compared with the time at a base station by trans- 
porting chronometers from one station to the other. 

lunar-distance, moon-altitude, moon-culmination, 
etc.-The local time a t  the new station is compared 
with the time at a base station, both times being 
determined from the position of the moon relative 
to other celestial bodies. 

telegraphic.-The local time at the new station is 
compared with the time at a base station by means 
of the electric-telegraph land-lines and sea cables. 

terrestrial signals.-Local times noted at new and 
base stations of the occurrence of such signals a s  a 
flash of gunpowder. 

wireless.-The local time at the new station is 
compared with the time a t  a base station by means 
of radio. 

longitude: celestial.-The arc of the ecliptJc intercepted 
between the vernal equinoz and the foot of a great 
circle perpendicular to the ecliptic and passing 
through the object whose longitude is to be defined. 

Celestial longitude is measured along the ecliptic 

from west to east. It is not the same a s  astronomic 
longitude and does not enter into usual problems 
of surveying. 

longitude: geodetic.-The angle between the plane of the 
peodetic meridian and the plane of an initial merid- 
ian, arbitrarily chosen. 

A geodetic longitude may be measured by the  
angle a t  the pole of revolution of the spheroid be- 
tween the local and initial meridians, or  by the 
arc of the geodetic equator intercepted by those 
meridians. In the United States, geodetic longitudes 
are  numbered from the Meridian of Greenwich, but 
are  computed from the geridian of station Meades 
Ranch a s  prescribed in the North American datum 
of 1927. I n  recording geodetic position it is  essential 
that  the geodetic datum on which it is based also 
be stated. A geodetic longitude differs from the cor- 
responding astronomic longitude by the amount of 
the prime-vertical component of the local deflection 
of the vertical divided by the cosine of the latitude. 
In this country, this may amount to a s  much as 26”. 

longitude: geographic.-A general term, applying alike 
to astronomic and to geodetic longitudes. 

longitude equation.-See under equation. 
longitude signallsee under signal. 
longitude term.-See under gravity formula. 
loran.-A pulse-type electronic navigation system for 

measuring distance differences with respect t o  k e d  
transmitters of known geographic position. 

A loran receiver may be located on a particular 
hyperbola by measuring the difference in arrival times 
of pulses sent in a synchrorous manner from a single 
pair of loran transmitters. The receiver may also 
be located on another hyperbola by a similar time 
measurement relative to another pair of transmit- 
ters. Intersection of the hyperbolas fixes the lo- 
cation of the receiving point. Loran fixes may be 
obtained a t  a range of 750 nautical miles i n  daylight 
and 1,400 nautical miles at night, and are very 
nearly independent of weather conditions. The 
precision of a loran pa is comparable to that ob- 
tained by high grade celestial observations with a 
seatant. 

lost comer (United States pnblic-land surveys) .-See 
under corner. 

lower culmination.-See under culmination. 
low-water line.-The line deflned by the boundary of a 

body of water a t  i t s  lowest stage (elevation). 
As there may be appreciable variation with time 

in the elevation of the low-water surface at a desig- 
nated locality, a mean value of the low-water eleva- 
tion should be used in determining the ground posi- 
tion of the low-water line. See mean low water. 

loxodrome: loxodromic curve.-See under rhumb line. 
lunar month.-See under month. 
lunation.-See under month: synodical month. 
Luzon datum.-See under datum. 
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M 
magnetic chart.-See under chart. 
magnetic declination.-The bear4ng (reckoned east or 

west from the north branch of the celestial meridian 
plane) of magnetic north a s  determined by the posi- 
tive pole of a freely suspended magnetic needle which 
is subject to no transient artificial disturbance. 

In nautical and aeronautical navigation the term 
variation is used instead of declination, and the angle 
is called variation of the compass or magnetic vcrrta- 
tion. 

magnetic variation.*-Regular or irregular change with 
time of magnetic declination, dip, or intensity. 

In nautical and zeronautical navigation, and in 
some localities surveying, the term variation is used 
instead of, and meaning, magnetic declination. The 
regular variations are  secular, the change from year 
to year which usually extends for many decades in 
the same direction; annual, having a period of one 
year; and diurnal, having a daily period. The irreg- 
ular variations are  known, when severe, a s  magnetic 
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storms. Locally the magnetic 5eld may be affected 
by direct-current electricity and other arti5cial dis- 
turbances. It was once a common practice of sur- 
veyors to denote as  varistion the net  amount by 
which the compass departed from the direction taken 
as north in the  description of a particular line, even 
when this was known to be slightly at variance with 
the celeetful merfdian. 

main-scheme atation.-See under etatfm: pdnC(Pa1 et* 
tfon. 

manometer-A gage for measuring the pressure of a 
gas. 

I n  observing the Mendenhall pendulum, the  r e  
cefver in which it is swung is exhausted of a i r  to a 
prescribed maximum pressure. A manometer com- 
posed of a U-shaped tube, closed at one end and 
contahing mercury, is placed in the receiver to 
register the air pressure. 

map.*-A representation on a plane surface, at an 
established scale, of the  physical features (natural, 
artificial, o r  both) of a par t  or the whole of the 
earth’s surface, by means of signs and symbols, 
and with the means of orfentatton indicated. Also 
a similar representation of the heavenly bodies. 

A map may emphasize, generalize, or omit the 
representation of certain features to satisfy speciftc 
requiremehts. The type of information which a map 
is designed primarily to convey is frequently used, 
in  adjective form, to distinguish it from maps of 
other types. A map should carry a record of the 
profectfon upon which it is constructed. 

map: aerial.-See under chart: aeronautical chart. 
map: aerial navigation.-See under chart: aeronautical 

map: air navigation.-See under chart: aeronautical 

map: aviation.-See under chart: aeronautfcal chart. 
map: base.*-A map on which information may be 

placed for purposes of comparison or geographical 
correlation. 

The term base map was a t  one time applied to a 
class of map8 now known a s  outlfne maps. It may 
be applied to topographic maps, also termed mother 
maps, which a r e  used in the construction of many 
types of maps by the addition of particular data. 

map: bus and truck.*-A specta&purpose map showing 
routes used or  suitable for use in commercial trans- 
portation by motor vehicles. 

map: eadastral.*-A map showing the  boundaries of 
subdivisions of land, usually with the bearings and 
lengths thereof and the areas of individual tracts, 
for  purposes of describing and recording ownership. 

A cadastral map may also show culture, drainage, 
and other features relating. to the value and use of 
land. 

map: compiled.*-A map incorporating information col- 
lected from various sources, not developed by surveys 
made for the  special purpose of the map in question. 

Most smaZ&scale maps of large areas a re  com- 
piled. 

map: composite.*-A map which portrays information 
of two or  more general types. 

A composite map is usually a compfled map, bring- 
ing together on one map, for purposes of comparison, 
da ta  which were originally portrayed on separate 

map: contour.*-A topographio map whlch portrays 

The form “contoured map” is disapproved. 
map: comW.*-A map of the  area of a county as a anlt. 

chart. 

chart. 

maps. 

relief by means of contour Zlnes. 

GEODETIC SURVEY 

map: distribution.*-A map which shows the geogmphb 
arrangement of a speci5c product, commodity, o r  
formation. 

Distribution maps may be nonquantitative or 
quantitative. Nonquantitative distribution maps 
may be simple, compound, dominant, etc., depehding 
upon the character of the detail portrayed. Quan- 
titative distribution is statistical in character. 

map: dynamic.*-A map designed to  show motion, 
action, or change. 

A dynamic map involves an element of tine. 
The term may be applied to  mape depicting trafttc 
flow, migration, military movement, progress in a n  
ehgineering project, historical geography, etc. Vari- 
ous symbols, such a s  tlow lines and arrows, are  
employed to  depict movement, o r  a dynamic map 
may be a composition of two or more static maps, 
depicting comparable data a t  stated dates or  times. 
A plan of a proposed development is not a map. 
Therefore, the use of the term dynamic map to d e  
scribe such a plan is disapproved. 

map: engineering.*-A map showing information tha t  
is essential for planning an engineering project o r  
development and for estimating its coat. 
An engineering map is usually a large-scale map 

of a comparatively small area or of a route. It 
may be entirely the product of a n  engineering sur- 
vey, or  reliable information may be collected from 
various sources for the purpose and assembled on a 
base map. 

map: hemispherieal.*-A map of onehalf of the  earth’e 
surface, bounded by the equator, or by merfdiane. 

The ear th  is usually considered divided either at 
the equator, into the northern and southern hemis- 
pheres, or along some meridian between Europe and 
America and continued around the globe, into eastern 
and western hemispheres. The division used in 
cartography is usually along the meridian of bngl- 
tude 20’ west of Greenwich. The Americas are  in 
the Western Hemisphere. The division of the sur- 
face of the earth into hemispheres of political sig- 
niflcance is  not a determined matter. 

map: highway.*-A map on which the location of im- 
proved roads and highways is  shown. 

map: hypsoxraphic.*-A topographfc map on which ek- 
vatione are  referred to a sea-level datum. 

Sometimes called a hypsometric map, the  use of 
which term is disapproved. 

map: hypsometric.*-Disapproved. See under map: 
hypsogmph(o map. 

map: index.*-A map which shows the location of col- 
lections of related data, whether in the form of other 
maps, or statisti2al tables, or descriptive in  Character. 

Index maps may be used to show references to the 
origin, place of deposit or filing, and other common 
characteristics (identifying quallty) of such data. 

map : large scale.-See under map scale: tracttonal. 
map: outline.*-A map which presents just sufttcient 

geographic information to permit the correlation of 
additional data  placed upon it. 

Outline maps correspond to what were a t ’ o n e  
time known a s  base maps. Outline maps usually 
show only coast lines, principal rivers, major civil 
boundaries, and large cities, leaving as much space 
as possible for the reception of particular data. An 
outline map presents less detail than a bast? map. 

map: planimetric.*-A map which presents the hori- 
zontal pos.ltion8 only for the features represented ; 
distinguished from a topographic map by the omis- 
sion of relief in measureable form. 

The natural features usually shown on a planimet- 
ric map include rivers, lakes, and seas;  mountains, 
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valleys, and plains ; forests, prairies, marshes, and 
deserts. The cultural features include cities, farms. 
transportation routes, and public utility facilities ; 
political and private boundary lines. A planimetric 
map intended for special use may present only those 
features which a r e  essential to  the pnrpoae to be 
served. 

primarily for  the use of the Postal Service. 
Postal features are  emphasized and the  maps are  

composed to show postal information to  the best ad- 
vantage. A list of “O5cial Postal Maps” is pub- 
lished by the Post Oface Department, Washington, 
D. c. 

map: post route.*-Any postal map of a State, T e d -  
tory, or island possession of the United States, pub- 
lished by the Post Omce Department. 

Each post route map shows all post o5CeS within 
the area which it represents, indicates the method 
and frequency of mail supply, and gives intermediate 
distances on mail-supply routes. County boundaries 
a re  delineated, and all county names a re  shown. Also 
shown are  the principal drainage features, but no 
highways, and only those railroads which carry mail. 

map: reconnaissance.*-A map incorporating the in- 
formation obtained in a reconnatssance sumeu, and 
data  obtained from other sources. 

A reconnaissance map differs from a map based on 
a n  ezploratory survey by providing greater detail, 
selected to serve a special or general purpose. See 
also reconnatssance sketch. 

map: rural delivery.*-A postd map of a county or 
locality on which roads travelled by rural carriers 
are  distinguished, and on which are  shown the loca- 
tion of post omces, houses, schools, and  churches at 
the  time the map was drawn. 

Rural delivery maps are  on a scale of about 1 
inch equals 1 mile, and are  divided into two groups : 
county maps and local maps. Where much of the 
area of a county is covered by rural-delivery service 
and adequate survey data  are  available, a county 
mop is prepared showing all routes served from the 
post 05CeS within the county. Where no county map 
has  been prepared, a local map is constructed for 
each post oface and the area which it serves. 

map: school and baa.*-A map showing schools and the  
routes of busses serving them. 

map: small scale.-See under map scale: fractional. 
map : special-purpose.*-Any map designed primarily to  

meet speci5c requirements. 
Usually the map information portrayed on a spe- 

cial-purpose map is emphasized by omitting or sub- 
ordinating other information of a general character 
which is not essential or is of less importance to the 
purpose to be served. The special purposes for 
which maps are  designed and used are  numerous 
and are  increasing with the trend toward the graphic 
portrayal of factual information in relation to the 
areas of origin or application. The map, in most 
cases, serves a s  a base on which special information 
is correlated. A word or phrase is usually employed 
to describe the type of information which a map is 
designed to present, whether for  general or special 
use. De5nitions for a number of special-purpose 
maps will be found under their speci5c names. 

map: State.*-A map of the area of a State as a unit. 
map: State base.*-A base map of the area of a State 

a s  the unit. 
Emphasizing no one type of information, such 

a map is suitable for overprinting information for 
special purposes. The term is frequently used to 
describe &ate maps t h a t  are  issued by agencies of 

map : postal.*-Any 8peda&pUfpO86 map published 

the Federal Government, which are  not copyrighted, 
and are  used by government and private agencies as 
bases on which to  portray special information. 

map: static.*-A map t h a t  portrays information as  of 
a single date  or  time. 

Most maps are static maps, presenting informa- 
tion a s  of a given date. Static map8 presenting com- 
parable da ta  as of different dates may be combined 
into a dynamic map. 

map: topographic.*-A map which presents the hori- 
zontal and vertical positions of the features repre- 
sented ; distinguished from a planimetric map by the 
addition of reZief in measurable form. 

A topographic map usually shows the same fea- 
tures a s  a pbnimetrk map, but use8 contours or  
comparable symbols to  show mountains, valleys, and 
plains ; and, in the case of hydrographic charts, sym- 
bols and numbers to  show depths in bodies of water. 

map: Topographic Map of the United States.*-The rec- 
ommended designation for the topographic map of 
the United States being prepared of quadrangle areas 
in a t las  sheet form, chie5y by the  United States 
Geological Survey. 

This map portrays all basic information about lo- 
cation, elevation, and extent of physical and  cultural 
features t h a t  a re  required for preliminary economic 
and engineering studies, and for incorporation in  
a base for maps prepared for special purposes. The 
use of various other terms which have been applied 
to this map is disapproved. These include the fol- 
lowing: standard topographic map of t h e  United 
States ; general base map ; general topographic map ; 
general utility map;  general utility map of the 
United States ; general utility topographic map of 
the United States ; and possibly others. 

map: Transportation Map of the United States.*-The 
o5cial designation of the map which is being pre- 
pared (1942) for  the Public Roads Administration 
by the United States Geological Survey, on which 
are  shown, as of a speci5ed date, all improved trans- 
portation routes in  the United States, including 
highways, railroads, air, and inland water routes. 

The map will consist of 438 regular sheets, 26 by 
36 inches in  size, scale 1 : 250,000 (approximately 
1 inch to 4 miles), and of special maps of large 
cities, scale 1 : 125,000, which may be published as 
separate sheets or  a s  inserts on the regular sheets. 
The designation general highway and transportation 
map, which has been used for this map, is die- 
approved. 

map projection (general) .-An orderly system of lines 
on a plane representing a corresponding system of 
imaginary lines on a n  adopted terrestrial or celes- 
tial datum surface. Also the mathematical concept 
of such a system. 

For maps of the earth, a projection consists of a 
network (graticule) of lines representing parallels of 
latitude and meridians of longitude, or of a grid 
based on such parallels and meridians. A map pro- 
jection may be derived by geometrical construction 
or  by mathematical analysis. The mathematical con- 
cept of map projection is the  mathematical principle 
upon which it Is based, expressed as formulas for 
computing the elements of the profect8on and tables 
used in constructing i t s  graphical representation 
(graticule or grM). Profectiona derived by mathe- 
matlcal analysis are generally used for maps con- 
structed with survey data. Map projections vary 
considerably in their characteristics, according to 
the qualities which they preserve in  the mapping, 
and the methoda by which this is accomplished. 
They are  classified (1) according to  the character- 
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istics which they preserve, a s  conjormal, equal area, 
azimuthal, etc. ; ( 2 )  according to the methods used 
in their development, as polyconic, gnomonic, stere- 
ographic, etc.; and ( 3 )  according to the names of 
their authors, often coupled with some characteris- 
tic, as Mercator, Bonne, Lambert w i th  two standard 
parallels, etc. The various map projections are de- 
fined under their particular designations. 

map projection: Aitoff equal-area.-A Lambert equal-area 
azimuthal projection of a hemisphere converted into 
a map projection of the entire sphere by a manipula- 
tion suggested by Aitoff. It is a projaction bounded 
by a n  ellipse in which the line representing the 
equator (major axis) is  double the length of the line 
representing the central mer4dian (minor axis). 

Tables for constructing this projection are  pre- 
pared arithmetically from the tables for the Lambert 
equal-area meridional map projection. 

map projection: Albers conical equal-area.-An equal- 
area map projection of the so-called conical type, 
on which geographic meridians are  represented by 
straight lines which meet at a common point : this 
common point serves a s  the center of a series of arcs 
of circles which represent the geographic parallels. 
Meridians and parallels intersect in right, angles. 
Along two selected paralbla, called standgrd p w -  
allels, the scale is held exact ; along the other par- 
allels, the  scale varies with the hti tude,  but is con- 
s tan t  along any given parallel. Between the standard 
parallels, the meridional scale is too great : beyond 
them, too small. At any point on the projection, the 
departure from exact scale along a parallel is of the 
opposite sign from the  departure from exact scale 
along the meridian, and the two a re  so related as to 
produce a n  equal-area map projection. Passing 
through every point are  two lines of true-length scale 
which intersect in right angles; these are  called 
toperimetric  curnee. 

This projection was devised by Dr. H. C. Albers in 
1805. 

map projection: aphy1actic.-A map projection which is 
neither a conformal map projection nor a n  equaG 
area map projection. 

map projection: autha1ic.-An equal-area map pro- 
jection. 

map projection: autogona1.-A conformal map projec- 
tion. 

The term autogonal, meaning conjormal, is seldom 
used. 

map projection: azimuthal (or zenithal) .-A map projec- 
tion on which the azimuths or directions of al l  lines 
radiating from a central point or pole are  the same 
as the azimuths or directions of the corresponding 
lines on the sphere. 
As a class, azimuthal map projections include a 

number of special projectione; these are  described 
under their particular designations. An azimuthal 
map projection may be constructed having two poles 
or points, lines from which are shown in correct 
azimuth. Such a projection is termed a doubly azi- 
muthal map projection. 

map projection: azimuthal equidistant.-An azimuthal 
map projection on which straight lines radiating 
from the center or pole of projection represent great 
circles in their true azimuths from tha t  center, and 
lengths along those lines are of exact scale. 

This projection is neither equal-area nor con- 
formal. 

map projection: Benne.-A modifled equal-area map 
projection of the so-called conical type, having lines 
representing a standard parallel and a central merid- 
ian intersecting near the center of the map. The 
line representing the central meridian (geographic) 

Its future use should be avoided. 

is straight and the scale along it is exact. A11 
geographic parallels are  represented by arcs of con- 
centric circles at their true distances apart, divided 
to exact scale, and all meridians, except the central 
one, are  curved lines connecting corresponding points 
oh the parallels. 

A particu- 
lar form of this projection is the 8aneon-Flamsteed 
or sinusoidal map projection, in constructing which 
the equator is used a s  the standard parallel. 

map projection: Cassini.-A conventional map projec- 
tion constructed by computing the lengths of arcs 
along a selected geographic meridian and alohg a 
great circle perpendicular to that  meridian, and 
plotting these a s  rectangular coordinates on a plane. 

map projection: conformal.-A map projection on which 
the shape of any small area of the surface mapped 
is preserved unchanged. 

Conformal map projections a re  sometimes termed 
orthomorphic map projections, “orthomorphic” 
meaning “right-shape” ; this is misleading because, 
if the area mapped is large, its shape will not he 
preserved, but only the shape of each small section 
of it. The exact condition for a conformal map 
projection is tha t  the scale a t  any point be the same 
in a l l  directions: the  scale may change from point 
to point, but a t  each point it will be independeht 
of the azimuth. Among the more important con- 
formal map projections are  the Mercator, the stere- 
ographic, the  transverse Mercator, and the Lambert 
conformal map projections: the  latter two are  used 
in the State coordinate systems. 

map projection: conic.-A map projection produced by 
projecting the  geographic meridians and parallels 
onto a cone which is  tangent to (or intersects) the 
surface of a sphere, and then developing the cone 
into a plane. 

There are  several methods of passing from the 
sphere to  the cone, most of which are  analytical 
in character and do not admit of graphical con- 
struction. For  example : the Lambert conformal 
conic map projection. A perspective map projection 
from the center of the sphere would admit of graphi- 
cal construction. Conic map projections may be 
considered a s  including cylindrical map projections 
when the apex of the cone is a t  an in5nite distance 
from the sphere, and projections on a tangent plane 
when that  distance is zero. Conic map projections 
may be illustrated with a single cone which is tah- 
gent to the sphere. or which cuts the  sphere along 
two parallels; or there may be a series of tangent 
cones, all with apices on a n  extension of the axis 
of the sphere, a t  constantly increasing (or decreas- 
ing) distances from the sphere. While a cone or 
cones may be used in illustrating the conic map 
projections, care must be taken not to consider such 
projections as geometrical concepts, which most of 
them are not. 

map projection: cyiindrical.-A map projection produced 
by projecting tile geographic meridians and parallels 
onto a cylinder which is tangent to (or intersects) 
the surface of a sphere, and then developing the 
cylinder into a plane. 

There are  several methods of passing from the 
sphere to the cylinder. Some of these are  analytical 
in character, and do not permit of graphic con- 
struction. For  example, the computatioh of the  
Mercator map projection. Other methods may be 
defined geometrically, and the projection constructed 
graphically. For example, the cylindrical equal- 
spaced map projection. Both groups of projections 
are spoken of as cylindrical projections. All of them 
may be illustrated, and some of them demonstrated, 

This projection is strictly equal-area. 
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by means of a cylinder tangeht to a sphere, cut 
along an element, and flattened into a plane. 

map projection: cylindrical equal-area.-A cylindrical 
map projection upon a cylinder tangent to a sphere, 
showing the geographic meridians as a family of 
equal-spaced parallel straight lines perpendicular to 
a second family of parallel straight lines which r e p  
resent the geographic parallels, and which are so 
spaced as to produce a n  equal-area map projection. 

The equal-area condition preserves a constant 
ratio between corresponding ground and map areas. 
This projection. must not be confused with the 
Mercator projection to which it bears some general 
resemblance. 

map projection : cylindrical equal-spaced.-A cylindrical 
map projection upon a cylinder tangent to a sphere, 
showing the geographic meridians as a family of 
equal-spaced parallel straight lines perpendicular to 
a second family of equal-spaced parallel straight 
lines which represent the geographic parallels. 

The spacing of the parallels need not be the same 
as tha t  of the meridime. 

map projection: doubly azimuthal.-An azimuthal map 
projection having two poles. 

map projection: equal-area.-A map projection on which 
a constant ratio of areas is preserved : tha t  is, any 
given part of the map on a n  equal-area projection 
bears the same relation to  the  area on the sphere 
which it represents a s  the  whole map bears to the 
entire area represented. 

On an equal-area map, a defihite area such a s  a 
square inch, will represent a constant area on the 
sphere, no matter on what par t  of the map the  
square inch is located. Also called an equivalent 
map projection, equal-area map projections comprise 
a n  extensive class of particular projections, some of 
them of considerable usefulness. 

map projection: equivalent.-See under map projection: 
equal-area map projection. 

map projection: geometric.-See under map projection: 
perspective map projection. 

map projection: globular.-A map projection represent- 
ing a hemisphere, on which the equator and a cen- 
t ra l  geographic meridian are  represented by straight 
lines intersecting a t  right angles; these lines are  
divided into equal parts. All meridians, except 
the central one, are  represehted by circular arcs 
connecting points of equal division on the equator 
with the poles. The parallels, except the equator, 
are  circular W C S  dividing the central and extreme 
outer meridians into equal parts. The extreme outer 
meridinn limits the projsction and is a full circle. 

map projection: gnomonic.-A perspective map projec- 
tion on a plane tangent to the surface of a sphere, 
having the point of projection a t  the center of the 
sphere. 

The projection is neither conformal nor equog 
area. It is the only projection on which great circles 
on the sphere are  represented as  straight lines. 

map projection: homolographic (homalographic).-An 
equal-area map projection. 

This term is found tn the designations given some 
particular map projections, such as the Afollzoeide 
homalographic projection. 

map projection: International Map of the World.-A 
modifled polyconic map projection, with two stand- 
ard meridians along which the scale is held exact. 
The scale of the map is  1 : 1,000,000 ; €he geographic 
meridians are  represented by straight lines connect- 
ing corresponding points on the top and bottom 
geographic para-llel lines of the projection which are 

truly divided. These lines representing the parallels 
are  arcs of circles, not concentric. 

Up to latitude 60°, each sheet of the International 
Map of the World includes 4" of latitude and 6' of 
longitude; above latitude 60", the sheets a re  double 
width, tha t  is, each covers 4' of latitude and 12' of 
longitude. It is also called the millionth scale map 
of the World. The projection was devised by Lalle- 
mand in about 1909. 

map projection: Lambert azimuthal (polar).-A Lambert 
equal-area map projection with the pole of projection 
at the pole of the sphere, and the radii of the circles 
which represent the geographic parallels correspond- 
ing to the chords of those parallels. 

map projection:, Lambert central equivalent map projec- 
tion upon the plane of the meridian.-See under map 
projection: Lambert zenithal (ezimuthal) equal-area. 

map projection: Lambert conformal conic.-A conformal 
map projection of the so-called conical type, on which 
al l  geographic meridians are  represented by straight 
lines which meet in a common point outside the lim- 
i ts  of the map, and the geographic parallels are  repre- 
sented by a series of arcs of circles having this com- 
mon point for a center. Meridians and porallels 
intersect in right angles, and angles on the earth a re  
correctly represented on the projection. This p r o -  
jection may have one standard parallel along which 
the scale is held exact: or there may be two such 
standard paraZEeL, both maintaining exact scale. 
At any point on the map, the scale is the same in 
every direction. It changes along the meridians, 
and is constant along each parallel. Where there 
are  two standard parallels, the scale between those 
porallels is too small ; beyond them, too large. 

The Lambert conformal conic map projection with 
two standard parallels is the base for the State coor- 
dinate systems devised by the U. S. Coast and Geo- 
detic Survey for zones of limited north-south dimen- 
sion, and indefinite east-west dimension. In those 
systems, the standard parallels are  placed at  dis- 
tances of one-sixth the width (north-south) of the 
map from its upper and lower limits. 

map projection: Lambert equal-area meridional.-See 
under map projection: Lambert zenithal (azimuthal) 
equal-area. 

map projection: Lambert zenithal (azimuthal) equal- 
area.-An azimuthal map fnwjection having the pole 
of the projection a t  the center of the area mapped. 
The azimuths of great circles radiating from this cen- 
ter (pole) a re  truly represented on the map; equal 
distances on those great circles are  represented by 
equal linear distances on the map, but the scale 
along those great Circle lines so varies with distance 
from the pole of the projection, t h a t  an equadareo 
projection is produced. 

When the pole of the projection is on the  equator, 
the projection is called the Lambert central equiva- 
lent projection upon the plane of the meridian ; also, 
the Lambert equal-area merldional projection. 

map projection: Mereator.-A conformal map projection 
of the so-called cylindrical type. The equator is rep- 
resented by a straight line true to  scale; the geo- 
graphic meridians are  represented by parallel straight 
lines perpendicular to the line representing the equa- 
tor; they a re  spaced according to thelr distance 
apart  n t  the equator. The geographic parallels are  
represented by a second system of straight lines 
perpendicular to the family of lines representing the 
meridiuns, and therefore parallel with the equator. 
ConJormality is  achieved by mathematical analysis, 
the spacing of the parallels being increased with in- 
creasing distance from the equator to conform with 
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the  expanding scale along the parallel8 resulting 
from the meridians being represented by parallel 
lines. 

The Mercator map projection ia considered one of 
the most valuable of all map projections, i ts  most 
useful feature being tha t  a line of constant beadng 
(azimuth) on a sphere is represented on the projeo- 
tion by a straight line. It is not a perspective pro- 
jection on a cylinder, and is not developed geomet- 
rically. 

map projection: Mercator epllal-area.-The sinusofdaz 
map projection. 

map projection: Mercator. transverse-See under m w  
projection: transverse Mercator map projection. 

map projection: meridional orthographic-See under mop 
projection: orthographic map projection. 

map projection: millionth-scale map of the World projec- 
tion.-See under map projection: International Map 
or the World projection. 

map projection: modified polyconic.-A map projection 
obtained from the regular polyconic projection by 
so altering the scale along the central meridian that 
the scale is exact along two standard meridians, one 
on either side of the central meridian and equidis- 
t a n t  therefrom. Also a rectangular polyconic map 
projection. 
A modi5ed polyconic map projection is used for 

the  International Y a p  of the World, the  scale being 
exact along meridian8 located 2' from the  central 
meridian. A modified polyconic map projection is 
also used for some State  maps published by the 
U. S. Geological Survey. 

map projection: Mollweide homalographifi-An eqrat- 
area map projection showing the equator and geo- 
graphic parallels a s  straight lines, and the  geographic 
meridians as elliptical arcs, with the  exception of 
the  central meridian, represented by a straight line, 
and the meridian 90" from the  center, shown as a 
full circle. 

This projection is used to show the entire surface 
of the earth, in  which case it is bounded by an el- 
lipse whose major axis, representing 360' of long& 
tude, is double the length of its minor axis, repre- 
senting 180' of latitude. It is also used to  map 
a hemisphere, when the boundary of the projection 
will be a full circle. 

map projection : orthembadic-An equagarea map pro- 
j e c t i o n . 

map projection: orthographic.-A map projection pro- 
duced by straight parallel lines through points on 
the  sphere and perpendicular to  t h e  plane of the 
projection. 

The orthographic map projection corresponds to 
a perspective projection with the point of projection 
at an in5nite distance from the sphere. As used 
for  maps of the earth, this projection is classifled 
a8 ( a )  a polar orthographic map projection, having 
t h e  plane of the projection perpendicular t o  the axis 
of rotation of the earth (parallel with the  plane 
of the  equator) ; in this projection, the  geographic 
parallel8 are full circles. true to scale, and the geo- 
graphic meridians are straight lines : (b)  the merid- 
ional orthographic map projection, having the plane 
of the projection parallel to the plane of some se- 
lected meridian; the geographic parallels and the 
central meridian are straight lines, the outer merid- 
{an is a full circle, and the other meridiOn8 are  ares 
of ellipses. 

map projection: orthomorphic.-A conformal map projeo- 
tlon. 

Orthomorphic Is a little-used term, meaning ''right- 
shape." 

GEODETIC SURVEY 

map projection: perspective.-A map projection pro- 
duced by straight lines radiating from a selected 
point and passing through points on the sphere t o  
the plane of projection. Sometimes called a geo- 
metric projection. 

The plane of projection is usually tangent t o  the 
sphere which represents the ear th  a t  the center 
of the area being mapped; the point of projection 
is on the diameter of the sphere which passes through 
the point of tangency, and at some selected point 
on that  diameter. If the point of projection is a t  
the center of the sphere, there results the gnomonic 
map projection; if at the opposite end of the diameter 
from the point of tangency of the plane of projec- 
tion, it becomes a stereographic map projection; 
if a t  a n  in5nite distance, a n  orthographic map pro- 
jection. 

map projection: perspective map projection upon a tangent 
cylinder.-A cylindrical map projection upon a cylin- 
der tangent to a sphere, by means of straight lines 
radiating from the center of the sphere. 

The geographic meridfane are  represented by a 
family of equally spaced parallel straight lines, per- 
pendicular to  a second family of parallel straight 
lines which represent the geographic parallels. The 
spacing, with respect to the equator, of the lines 
which represent the parallels, increases as the tan- 
gent of the latitude; the line representing 90° lati- 
tude is a t  a n  i n h i t e  distance from the line which 
represents the equator. This projection must not 
be confused with the Mercator projection to whicb 
it bears some general resemblance. 

map projection: polar orthopaphie.-See under map pro- 
jection: orthographio map projection. 

map projection: polyconic.-A map projection having the 
central geographic meridian represented by a straight 
line, along which the spacing for lines representing 
the geographic parallels is proportional to the dis- 
tances apar t  of the parallele; the parallels are  rep. 
resented by arcs of circles which a re  not concentric, 
but whose centers lie on the line representing the 
central meridian, and whose radii a re  determined by 
the lengths of the elements of cones which are  
tangent along the parallels. All meridians except 
the central one are  curved. 

This projection is neither conformal nor equal- 
area, but it has been much used for maps of small 
areas because of the ease with which it can be con- 
structed. It is the map projection used for the 
Topographic Map O f  the United Mates (KJ. S .  Geo- 
logical Survey), and in a modi5ed form is used for 
maps of large areas. It was devised by F. R. Hassler, 
organizer and 5rs t  Superintendent of the U. S. Coast 
Survey (now the U. 9. Coast and Geodetic Survey). 

map projection: polyconic. modified-See under map pro- 
jection: modifled polyconic map p i  ojection. 

map projection: polyconic. rectangular.-See under map 
projection: rectangular polyconic map projection. 

map projection: polyconic. transverse.-See under map 
projection: transverse polyconic map projection. 

map projection: rectangular polyconic-A modi5ed poly- 
conic map projection having a line representing a 
standard parallel divided to exact scale, through 
whose division points pass the lines representing 
the geographic meridians, intersecting the lines which 
represent the geographic parallels in right angles. 

map projection: Sanson-F1amsteed.-The 84nusoidaZ map 
projection. 

map projection: ainnsoida1.-A particular type Of the 
Bonne map projection, employing the equator as the 
standard parallel, and showing all geographic pwal- 
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le& a s  truly spaced parallel straight lines, along 
which exact scale is preserved. 

It is also 
known as the Mercator equal-area map projection 
and a s  the Sanson-Flamsteed map projection. It 
was employed in the Mercator-Hondius atlases as 
early a s  1606. 

msp projection: stereographic-A perspective map pro- 
jection having the point of projection a t  the oppo- 
site end of the diameter of the sphere from the point 
of tangency of the plane of projection. 

It is conformal, and is the only azfmuthal map 
projectfon having that  quality. It is one of the 
most widely known of all map projections, and has 
been much used for maps of a hemisphere. When 
the center of the projection is located at a pole of 
the sphere, it is called a stereographic polar projec- 
tion; when on the equator, a stereographic merid- 
ional projection; and when on some other selected 
parallel of latitude, a stereographic horizon projec- 
tion. The stereographic map projection dates back 
to the days of ancient Greece, having been used by 
Hipparchus (160-125 B. C.). 

map projection: transverse Mereator-A map projection 
of the so-called cylindrical type, being in principle 
equivalent to  the regular hfercator map projection 
turned (transversed) 80' in azimuth. 

I n  this projection, the central merfdfan is  rep- 
resented by a straight line, corresponding to  the line 
which represents the equator on the regular Mer- 
cator map projection. Neither the geographic merid- 
ions, except the central merfdfan, nor the  geodetic 
parallels, except the eguator (if shown) are repre- 
sented by straight lines. It is a conformal projectim, 
and is the base used in the Ptate plane-coordfnate 
systems for the grids of those zones whose greater 
dimension is in a north-and-south direction. 

map projection: transverse polyconic.-A polyconic map 
projection which is turned (transversed) 90' in azf- 
muth by substituting for the central merfdian, a 
great circle perpendicular to  the geographic meridfan 
to provide a control axis for the projection, along 
which axis will lie the centers of the circular arcs 
representing lines of tangency of cones with the 
surface of the sphere. 

This is a dimcult projection to  construct, but it 
is useful in showing, with comparatively small dis- 
tortion, a narrow area of large east-and-west dimcn- 
sion. 

map projection: Werner.-A particular case of the 
Bonne map projectfon, in which the standard paral- 
lel is  a t  the pole, and the tangent cone becomes a 
tangent plane. 

Any one geographfc merldtan is chosen as the cen- 
tral meridim and represented by a straight line, 
divided to exact scale. The geographfc parallels are  
represented by circular arcs, also divided to exact 
scale, and the other meridfans are  curved lines. 

map scale.*-The relationship which exists between a 
distance on a map and the corresponding distance on 
the earth. 

A map scale may be expressed a8 an equivalence, 
a s  a numerical fraction or ratio, or shown graphf- 
cally. On large-scale map8, the distance on the earth 
is on a designated datum, a s  sea level or ground level. 

map scale: equivalent.+-An equivalent scale is the 
relationship which a small distance on the map 
bears to the corresponding distance on the earth, 
expressed a s  a n  equivalence. 

Usually, but not necessarily, the equivalence is 
expressed in different speci6ed units ; for example, 
1 4nch (on the map) equals 1 mUe (on the ground). 

This is a n  equaGarea map projectfon. 

Of the  abbreviated forms, "fnch t o  the mdle" and 
"mile to the inch," the  former is preferred. Infre- 
quently called verbal scale. 

map scale: fractional.+-A fractional scale is the ratio 
which any small distance on the map bears to the 
corresponding distance on the earth. 

It may he written in the form of a fraction: 
1/10,000 ; or  as a proportion, 1 : 10,000. Very in- 
frequently called numerical scale, natural scale, and 
linear scale. These terms are  not recommended. 

Fractional scales are  representative in any  linear 
nnits. Usually the  term representative fraction, 
however, is applied to a fractional scale whose nu- 
merator is unity (1) and is frequently referred to 
a s  the "R. F." of the map. 

For  a map of large scale, the  representative frac- 
tion has a small denominator : for a map of small 
scale, the representative fractlon has a large de- 
nominator. 

map scale: graphic (or bar).*-A line on a map sub- 
divided and marked with the  distance which each 
of its parts represents on the earth. 

mapping plan: national.-A program for the completion 
of the Topographic Map of the United Ptates. 

The Federal Board of Surveys and Maps in  1934 
and again in 1936 adopted plans which proposed a 
time schedule for the completion of the control sur- 
VeY8 and topographic mapping of the United States, 
and a flscal budget for those operations. The Temple 
Act (H. R. 4522, 68th Congress), approved 1925, was 
the forerunner of the various national mapping plans. 

mean: arithmetical.-See under arithmetical mean. 
mean: weighted.-See under weighted mean. 
mean error.-See under error. 
mean high water.-The mean height of all high waters 

a t  a particular point or  station over a considerable 
period of time. 

For  tidal waters, the cycle of change covers a 
period of about 18.6 years, and the mean hfgh water 
is the mean of all hfgh Water8 for tha t  period. For 
any body of water, it is the mean of all high waters 
over a period of time of such length tha t  increasing 
i ts  length does not appreciably change the mean. 

mean low water.-The mean height of all low waters 
a t  a particular point or station over a considerable 
period of time. 

For tidal waters, the cycle of change covers a 
period of about 18.6 years, and the mean low water 
is the  mean of all low water8 for t h a t  period. For 
any body of water, it is the mean of all low waters 
over a period of time of such length that  increasing 
its length does not appreciably change the mean. 

mean of the errors-See under error. 
mean sea level.-The average height of the sea for all 

stages of the tide. 
Mean sea level is obtained by averaging observed 

hourly heights of the sea on the open coast or in 
adjacent waters having free access to the sea, the 
average being taken over a considerable period of 
time. 

mean solar day.-See under day. 
mean solar time.-See under time. 
mean-square error.-See under error. 
mean s n n . S e e  under tfme: mean solar tfme. 
meander line (United Stntes public-land surveys).*-A 

traverse of the margin of a body of water. 
Meander lines a re  hot  run a s  boundary lines, 

but a re  run for the purpose of deflning the sinuosities 
of the bank or shore line, and for ascertaining the 
quantity of land remaining after segregation of the 
water area. .In Geheral Land OI3ce practice, only 
permanent natural bodies of water are meandered. 
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memorial (United States public-land surveys).*-A dur- 
able article deposited in  the ground a t  the position 
of a corner, to perpetuate that  position should the 
monument be removed or destroyed. 

The memorial is usually deposited at the base of 
the monument and may consist of anythmg durable, 
such a s  glass or  stoneware, a marked stone, charred 
stake, or quantity of charcoal. 

Mendenhall pendulum.-See under pendulum. 
Mercator bearing.-The bearing of a straight line plotted 

It is the angle between the straight line and the 

Mercator e.qual-area map project ionl8ee nnder map pro- 

Merator map projection.-See under map projection. 
Mercator map projection, transverse-See under map 

projection. 
Mercator track.-A rhumb line on a map or chart con- 

StNCted oh a Mercator map projection. 
mercury barometer.-See under barometer. 
meridian (general).-A north-south line from which 

longitudes (or departures) and azimuth8 are  reck- 
oned; or a plane, normal to the geoid or spherofd, 
de5ning such a line. 

meridian: astronomic-A line on the  surface of the 
ear th  having the same ostronornic longitude at every 
point. 

Because the deflection of the vertical is not the 
same at all points, a n  astronomic meridian is an 
irregular line, not lying in a single plane. The 
astronomic meridian and the line whose astronomic 
azimuth at every point is south or north (0” or 
180’) are  not necessarily coincident, although in 
a n d  surveying the term astronomic meridian is 
sometimes applied to the north-south line which has 
its initial ou a prescribed astronomic meridian. 

meridian: auxiliary guide (United States public-land sur- 
veys).*-A new guide meridian established, when 
required, for control purposes where the origihal 
guide meridiane were placed at  greater intervals 
than 24 miles. 

Auxiliary guide meridians may be required to 
limit errors of old or to control new surveys; they 
a re  surveyed in all respects like regular gu4de 
meridians, and may be assigned a local name, as 
“Grass Valley Guide Meridian,” or “Twelfth Auxil- 
iary Guide Meridian West.” 

meridian: celestial.-The hour circle which contains the 
zenith. Also defined a s  the vertical circle which 
contains the celestial pole. 

The plane of the celestial‘meridian is parallel 
with, but, due to  the deflection of the plumb line, 
usually does not contain the axis of rotation of the 
ear th  ; its intersection with the plane of the horizon 
is the  meridian line used in Plane surveying. 

meridian: central (State coordinate system).-The me- 
ridian used as Axis of Y for computing projection 
tables for a Btate coordinate system. 

The central meridian of the system usually passes 
close to the center of 5gure of the  area or zone 
for which the tables a re  computed, but to  avoid 
the use of negative values, is given a large positive 
abscissa, thus requiring tha t  a large constant quan- 
tity be added to all z coordinates. 

meridian : convergence of meridians.-The angular draw- 
ing together of the geographic meridians in passing 
from the equator to the poles. 

At  the equator, all meridfans are  mutually paral- 
lel ; passing from the equator, they converge until 
they meet at the poles, intersecting in angles that 
a re  equal to their differences of longitude. The 
term convergence of meridians is used to designate 

on a Mercator chart a s  taken from the chart. 

chart meridians. 

jection. 

also the relative difference of direction of merldfane 
a t  specific points on the meridians. Thus, for a 
geodetic line, the azimuth at one end differs from 
the azimuth a t  the other end by 180’ plus or  minus 
the amount of the convergence of the meridians at 
the end points. 

meridian: double meridian distance (plane mrveying) .- 
The sum of the meridian distances of the ends of a 
survey line. 

In  practice, assuming a closed traverse with the 
meridian of reference passing through the initial sta- 
tion, the double meridian distance (D. M. D.) of the 
first course (line) is equal to the departure of tha t  
couree; the double meridian distance of each suc- 
ceeding course (line) is equal to the double meridian 
distance of the preceding course, plus the  departure 
of the preceding course, plus the departure of the 
course itself. 

Meridian : Ferro (Hierro) .-The conventional Ferro M e  
ridian is 17”37’45” west of Greenwich, being orig- 
inally chosen exactly 20’ west of the Paris Merid- 
ian. 

Many European geographers used to reckon 
longitude from this meridian which was taken as 
the dividing line between the Eastern and Western 
Hemispheres. 

The conventional Ferro Meridian does not coin- 
cide with the neighboring island of the same name. 

meridian: geodetic.-A line on a spherdd which has the 
same geodetic longitude at every point. 

If  the spherofd is a n  ellipsoid of revolution, a s  
used for purposes of triangulation, a geodetic merid- 
ian is  an ellipse whose plane contains the minor axis 
of the spheroid, and whose geodetic aztmuth at every 
point is 0” (south) or 180’ (north), 

meridian: geographic.-A general term, applying alike to 
an astronomic or a geodetic meridian. 

Meridian : Greenwich.-The ostronomic merldhn through 
the center of the transit instrument of the Observa- 
tory of Greenwich, England. 

meridian: grid.-A line through a point parallel to the 
central meridian or Axis of Y of a system of pkzne- 
rectangular coordinates. 

meridian: guide (United States public-land surveys).*- 
An auxiliary governing line projected north along 
a n  astronomical meridian, from points established on 
the ba8e line or a standard parallel, usually at inter- 
vals of 24 miles east o r  west of the prlncipal merld- 
(an, on which township, section, and quarter-section 
corners are  established. 

meridian: magnetic.-The vertical plane in which a 
freely suspended, symmetrically magnetized needle, 
infiuenced by no transient artificial magnetic disturb- 
ance, will come to  rest. Also, a curve on the earth’s 
surface tangent to such a plane at each place it 
touches. 

meridian: prime.-An initial or zero meridian from 
which other meridians are  reckoned. 

At an International Meridian Conference held in 
Washington, D. C., in 1884, the adoption of the  
Weenwich Meridian a s  the prime meridian for the 
earth was approved by the representatives of 22 
governments, there being one objector, while two 
representatives abstained from voting. See also, 
meridian: W58hingtOn Meridian. 

meridian: principal (United States public-land sur- 
* veys).*-A line extending north and south along the 

astronomical meridian passing through the initial 
point, along which township, section, and quarter- 
section corners are  established. 

The principal meridian 18 the line from which is 
initiated the survey of the tOwn8hfp boundaries along 
the parallels. Auxiliary meridional governing lines, 
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known a s  gufde meridians, are  established along the 
ostronomical meridian usually a t  intervals of 24 
mile8 east or west of the principal meridian. I n  
some of the very early surveys the principal meridian 
is referred to a s  the “basis meridian.’’ 

meridian: terrestrial.-An astronomtc meridian. 
For particular use, the term astronomic mericltan 

is preferred over terrestrial meridian. For general 
use, the preferred term is geographic meridian, which 
applies alike to astronomic and geodetic meridians. 

Meridian: Washington.-The astronomic meridian 
through the center of the dome of the old Naval 
Observatory in Washington, D. C. 

The Washington Meridian was used in de5ning the 
meridional boundaries of several western States. 
An Act of Congress, September 28, 1850, provided 
“That hereafter the meridian of the observatory a t  
Washington shall be adopted and used a s  the Ameri- 
can meridian for astronomic purposes and . . . 
Greenwich for  nautical purposes.” This Act was re- 
pealed August 22, 1912. See merldian: Greenwich 
Men’dian. 

meridian distance (astronomy).-The hour angle of a 
celestial body when close to  but not exactly on the 
aatronomtc r n d d h n .  

This term appears to be limited to computation 
forms where it is used to designate the hour angle 
of a s tar  observed slightly off the meridian in making 
latitude observations by the zentth telescope method. 

meridian distance (plane surveying).-The perpendic- 
ular distance in a horizontal plane of a point from 
a meridian of reference. 

The difference of the meridian distances of the 
ends of a line is called the departure of the line. 

meridian line (plane surveying).-The line of intersec- 
tion of the plane of the celestial meridian and the 
plane of the horizon. 

It is a horizontal direction used in surveying; 
i ts  astronomical azimuth is 0’ or 180”. 

meridian telescope.-A portable instrument so designed 
that  it can be used a s  a n  astronomical transit, or 
quickly converted for use as a zm4th teleecope. 

The meridian telescope has  a base which is divided 
horizontally into two parts ; the upper par t  rotates 
upon the lower par t  about a short vertical axis. The 
upper par t  carries two folding uprights (standards) 
with wyes which support the horizontal axis of the 
telescope. The telescope is equipped with a vertical 
circle to which is attached a sensitive spirit level. 
The telescope has a fixed reticle for use in mak- 
ing time observations, and a n  ocular micrometer for 
latitude work. When used a s  an astronomical 
transit, the two par ts  of the base are clamped to- 
gether. It is converted for use a s  a zenith telescope 
by removing the clamps, and permitting the upper 
par t  to rotate through WOO, stops being placed to 
bring the telescope to  rest in the plane of the merid6 
an. The meridian telescope is also known as the 
Davidson meridian instrument, after George David- 
son of the U. S. Coast Survey, who designed i t  in 
1868. 

meridional orthographic map projectio-ee under map 
projection: orthographtc. 

meridional parts: table of.-A table listing lengths of 
the mer4dian from the equator to  the various parol- 
le28 of latitude increased in the proportion required 
to show lengths along the parallele equal to the 
corresponding length along the equator. 

On a sphere, a t  the equator, the length of a minute 
of longitude is equal to the length of a minute of 
Zatitude, but on receding from the equator and ap- 

proaching the poles, the minutes of latitude remain 
always the same, while the length of a minute of 
longitude steadily decreases. 

Because the earth is not a sphere, the above con- 
ditions do not exactly fit it. However, in the  Mer- 
cator map projectfon, the minutes of longitude are  
made to appear of the  same length for all latitudes, 
and i t  becomes necessary in order to  preserve exist- 
ing proportions between lengths of the parallel and 
of the meridian at various latitudes to increase the 
lengths along the meridian, such increase being 
greater and greater, the higher the  latitude. The 
length of the meriddhn, thus increased, constitutes 
the number of the meridional par t  corresponding to 
t h a t  Zatitude. 

Such a table, found in books on navigation, affords 
facilities for constructing a Mercator map  profec- 
tion, and for solving problems in Mercator sailing. A 
close value of a meridional part on an ellipsoid for 
a given geographic latitude is obtained by computing 
the meridional part for the corresponding geocen- 
tric latitude. 

metallic thermometer.-A device utilizing the difference 
of the coefficients of thermal expansion of t h e  metals 
of which it is constructed to determine t h e  temper- 
a ture  of those metals. 

The measuring rods used on the base line8 of the  
Dunkirk-Barcelona triangulation (1791-2) were 
themselves metallic thermometers. Each rod was 
composed of a strip of copper lying on a strip of 
platinum ; these were fastened together at one end, 
leaving their other ends free to move in response to  
changes in their temperature. A scale on the free 
end of the copper strip was read by means of a 
vernier on the free end of the platinum strip, thus 
affording a means of determining the temperature 
of the bars. This apparatus was constructed by 
Borda. See Borda ecale. 

meter: metre.-A unit of length equivalent in the United 
States to 39.37 h ~ h e 8  exactly. 

The meter was originally de5ned (in 1791) as 
the  equivalent of one ten-millionth of the length of 
the quadrant of the meridian through Paris (from 
the equator to the North Pole). A unit derived by 
this proportion from several arcs of triangulation 
became known a8 the French legal meter, the  stand- 
ard constructed to  represent it being known as the 
Metre des Archives. Under a n  International Conven- 
tion in 1875, the international meter was derived 
from the Metre des Archives, and the International 
Prototype Meter adopted a s  a standard by the sub- 
scribing governments. Copies of this  new standard, 
of the same form and alloy a s  the original, were 
furnished the governments which subscribed to the 
Convention of 1875. The United States received two 
such copies in 1889, one of which was adopted a s  
the national standard of length, and is  known as the 
National Prototype Meter. These two copies are in 
the custody of the National Bureau of Standards, 
Washington, D. C. The equivalence, 1 meter equals 
39.37 inches exactly, was prescribed by Act of Con- 
gress in  1866. 

At the Seventh General (International) Conference 
on Weights and Measures (Paris, 1927), the  follow- 
ing supplementary value of the meter was tempo- 
rarily adopted : 

1 meter=1,553,164.13 wavelengths of t h e  red ray 
of Cadmium vapor, in dry air, a t  a temperature 16” 
Centigrade, a t  a pressure of 760 millimeters of mer- 
cury and under normal conditions of gravity. Since 
this  determination was made, the necessity for  mak- 
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ing several slight corrections to the result has been 
realized and the following relation obtained : 
1 meter= 1,553,163.7 wavelengths. The earlier 

value continues the offlcial value. 
meter: Committee Meter.-An iron bar standard of one 

meter length, which was brought to  America in 1805 
by Ferdinand R. Hassler, the first superintendent 
of the  U. S. Coast Survey. 

It was one of sixteen such bars which were stand- 
ardized by the Committee on Weights and Measures 
in  Par is  in 1799. I t  served a8 the standard of length 
for geodetic surveys in this country until 1889 or 
1890, when it was replaced by the present standard, 
the  National Prototype Meter. The Committee Meter 
was presented by Hassler to the American Philosoph- 
ical Society in Philadelphia. 

meter: French legal.-The unit of length d e k e d  by the 
Metre de8 Archives. See meter; metre. 

meter: international.-The ffnit of length defined by the 
International Prototype Meter. See meter; metre. 

meter: International Prototype Meter.-A bar standard 
of platinum-iridium which defines the length of the 
unit, the international meter. 

The International Prototype Meter was produced 
under the authority and direction of an Interna- 
tional Conference held in Paris in 1875, signed by 
the  representatives of 17 governments. It is a line 
etandard and was derived from the Metre des dr- 
chives, a n  end standard. The International Proto- 
type Meter and two other similar bars of the same 
origin are  maintained a t  the International Bureau 
of Weights and Measures a t  Sevres, France, and are 
nsed in standardizing the representative copies which 
were supplied to  the government8 supporting the Con- 
vention of 1875. As a signatory of tha t  convention, 
the  United States received two such representative 
copies, one of which is known as the National Proto- 
type Meter. These copies a re  in the custody of the 
National Bureau of Standards, Washington, D. C. 

meter: Metre des Archives.-A bar etandard defining the 
length of the French legal meter. 

It is a n  end stan&rd, of platinum, and was used 
in determining a length for the International Proto- 
type Meter. It is now preserved a s  a museum piece 
in  the  International Bureau of Weights and Meas- 
ures, Sevres, France. 

meter: National Prototype Meter.-A standard copy of 
the  International Prototype Meter which defines the 
international meter as a unit of length. 

It is a bar of platinum-iridium, of the same form 
and alloy as the International Prototype Meter, and 
one of the pair received in  1889 from the Interna- 
tional Bureau of Weights and Measures, Sevres, 
France. These bars are  in the custody of the Na- 
tional Bureau of Standards, Washington, D. C. They 
a r e  line standards. 

method of repetitions, determination of astroMmiC a!d- 
muth.-See under azimuth. 

micrometer: correction for run of.-A correction applied 
to a n  observed reading of a graduated circle made 
with a micrometer microscope to  compensate for 
run of micrometer. 

Specific application of this correction is not re- 
quired in present-day observations with a direction 
hantrument, being neutralized by instrumental ad- 
justment and method of observing. 

See meter; metre. 

micrometer: eyepiece.-See under mb-ometer: ocular. 
micrometer: %lar.-A device attached to a teleacope or 

microscope, consisting of a wire thread (filament) 

connected with a screw in such manner tha t  as the 
screw is turned, the wire moves through a continu- 
ous succession of parallel positions, all in  the  focal 
plane of the instrument. 

The screw has a fine thread, accurately cut, and 
calibrated in terms of angular measure (seconds of 
arc) : one turn of the screw moves the wire a dis- 
tance tha t  may be expressed a8 a certain number of 
seconds, corresponding to the angle at the instru- 
ment between two objects which would be bisected 
by the  wire in its two positions. Any small angls 
may be measured by noting the number of turns  and 
fractions of a turn of the screw which a r e  made 
in moving the wire from one bisection to another, 
and multiplying this by the value of one turn. 
See micrometer: ocular; micrometer microscope. 

micrometer: impersonal.-See under micrometer: tran8U 
micrometer. 

micrometer: ocular.-A filar micrometer so placed that 
its wire moves in the principal focal plane of a tele- 
scope. Also termed an eyepiece micrometer. 

The ocular micrometer is used in surveying and 
astronomic work for making accurate and precise 
measures of small angles between lines to objects 
viewed with the telescope. It is mounted in a frame 
which is perpendicular to the longitudinal axis of 
the telescope, and can be rotated to measure a n  
angle in any plane containing t h a t  axis. It may be 
adjusted to measure angles in a plane which con- 
tains the longitudinal and horizontal axes of the 
telescope, as in observing time using the transit 
micrometer (which is a n  ocular micrometer) ; or it 
may be adjusted to  measure angles in a plane con- 
taining the longitudinal axis but perpendicular to 
the horizontal axis of the telescope, a s  in observing 
latitude with the zenith telescope. 

micrometer: run of.-The difference in seconds of arc 
between the intended value of one complete turn 
of a micrometer screw used in reading a graduated 
circle and i ts  actual value as determined by meas- 
uring with the micrometer the  space between two 
adjacent graduation marks on the circle. 

This quantity has sometimes been called the 
error of run, but the above designation is more 
generally used and is preferred. It is tin error, but 
is kept quite small by instrumental adjustment, 
and i ts  effect on observed values is neutralized by 
methods of observing. See micrometer: correction 
for  run (of micrometer). 

micrometer: transit.-A form of registering micrometer 
with ita movable wire placed in the focal plane 
of aB astronomic transit and a t  right angles to the 
direction of motion of the image of a s tar  which 
is observed at or near culmination. Certain con- 
tact points on the micrometer head (wheel) serve 
to make a n  electric circuit as they pass a fixed 
contact spring, thus producing a record on the 
chronograph sheet at each separate instant wheh 
the micrometer wire reaches a position correspond- 
ing to a contact. 

The transit micrometer is also called a n  imper- 
sonal micrometer, because it almost completely elimi- 
nates the effect of personal equation from time ob- 
servations made with it. 

micrometer method, determination of astronomic a&- 
mnth.-See under azimuth. 

micrometer microscope.-A Plar miorometer 80 placed 
that  i ts  wire moves in the focal plane of a micro- 
scope. 

Using a micrometer microscope, readihgs of a 
graduated circle are made with a high degree of 
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accuracy and preciabn. The micrometer is so ad- 
justed t h a t  a n  even number of turns  will carry 
the wire exactly the distance between adjacent 
graduation marks on the circle. Any intermediate 
point on the circle may then be read with the  
micrometer by interpolation. If the adjustment is 
imperfect, the amount by which a n  even number 
of turns of the screw fails t o  carry the wire exactly 
the distance between graduation marks is treated 
a s  a systematic error and is termed by preference 
the run o j  micrometer. The designation error of 
run of micrometer is also applied to it. 

middle ordinate.-The distance from the  middle point 
of a chord to  the middle point of the corresponding 
circular arc. 

middle point (M. P.)-That point on a circular curve 
which is at the same distance from both ends of 
the  curve. 

mil.-See under angk (gemrut ) ,  ( e ) .  
mile.-A unit of distance. See under mile: wut t ca l  

mile; statute mile. 
The term mile is derived from the Latin “mille,” 

meaning a thousand, and applied to  t h e  double pace 
of 5 feet .  The mile of the Romans was 5,000 feet, 
a value that  suffered many changes a s  the mile 
came into use among the western nations. 

mile : geographical.-See under mile: nautical mile. 
mile: nautical.-A length of mile used in ocean naviga- 

tion. 
The United States nautical mile is deflned as 

equal to one-sixtieth of a degree of a great cfrcle 
on a sphere whose surface is equal to the surface 
of the earth. Its value, calculated for the Clarke 
spheroid of  1866, is  1,853.248 meters (6,080.20 feet). 
The international nautical mile is 1,852 meters 
(6,076.10 feet). The United States  nautical mile 
is also called a sea mile or a geographical mile, 
and may be taken as equal to the length of a minute 
of arc along the equator or a minute of latitude on 
the map which is being measured. 

mile: sea.-See under mile: nautical mile. 
mile: statute.-A length of mile used in distance meas- 

uremehts on land, and equal to 5,280 feet (1,609.35 
met ers ) . 

militan- grid.-A quadrillage or system of squares de- 
termined by rectangular coordinates on a spherical 
map projection, referred to one origin, and extended 
over the whole area of the original map projection. 

A military grid is designed to make data  presented 
on a map more readily available for military pur- 
poses. 

milligal.-See gal. 
millionth-scale map of the World.-An informal desfgna- 

tion for the International Map of  the World which is 
being constructed on a scale of 1 : 1,000,000. 

minus sight.-See under foresight (leveling). 
missing triangle (pendulum) .-A triangle which repre- 

sents the failure of the two sides of a kntfe edge 
to reach a perfect intersection in a geometric line. 

In the most nearly perfect kngfe edge t h a t  can 
be made, the two planes of the knife edge will not 
quite meet. The base of the missing triangle which 
IS thereby formed is found by optical means to be 
less than one micron. 

modiaed polyconic map projection.-See under map pro- 
jection. 

Molitor leveling rod.-See under leveling rod: Molitor 
precise ZeveZing rod. 

Mollweide homalographie map projection.-See under 
map projection, 

month--A measure of time based on the motion of the 
moon in  its orbit. 

There are  various kinds of month defined by the 
references which determine them. See month: anom- 
alistic month; calendar month; nodical month; 
sidereal month; synodical month. 

month: anoma1istic.-The interval of time between two 
successive passages of the moon in  her orbit through 
perigee. 

The length of the  anomalistic month is 27.55455 
mean solar days. 

month: calendar.-A division of the year a s  determined 
by a calendar, approximately one-twelfth of a year 
in length. 

While arbitrary in character, the calendar month 
is based roughly on the synodical month. The calen- 
dar  month ranges in length from 28 to 31 mean solar 
days. 

month: lunar.-A synodical month. 
month: nodical.-The interval of time between two suc- 

cessive passages of the moon through the same node 
of ber orbit. 

The length of the nodical month averages 27.21222 
mean solar days. 

month: sidereal.-The interval of time it takes the moon 
to make its revolution from a given s tar  back to the 
same s tar  again. 

The sidereal month may be measured by the in- 
terval of time it takes the moon to revolve from 
a given celestial longitude back to  the same longi- 
tude again, reckoned from a fixed equinoz. The 
length of the sidereal month averages 27.321661 
mean solar days. Because of perturbations, the ac- 
tual length varies some 7 hours. The difference be- 
tween the lengths of the sidereal and tropical months 
is due to the precession o f  the equinoxes. The above 
definition is not precise : the  moon will not  return to 
the same declination at the end of a sidereal month. 

month: synodical (ordinary).-The interval of time be- 
tween two successive conjunctions (new moons) or 
oppositions (full moons) of the moon. Also called a 
lunation. 

The length of the synodical month is 29.530588 
mean solar days. It is the month intended when 
a lzlnar month is specified. Synodical is preferred 
over synodic, which is sometimes used. 

month: tropical.-The interval of time it takes the 
moon to make its revolution from a given equinoo 
back to the same equinox again. 

The tropical month may be measured by the inter- 
val of time it takes the moon to revolve from a given 
Celesthz longitude back to the  same longitude again, 
reckoned from a n  equinoz affected by precession. 
The length of the tropical month averages 27.321582 
mean solar days. Because of perturbations, the 
actual length varies some 7 hours. The difference 
between the lengths of the stdereal and tropical 
months is due to  the precess.lon o f  the equinoCe8.- 

monument.-Any material object or collection of ob- 
jects which indicates the position on t h e  ground 
of a survey station or land corner. 

The term monument may include the mark at 
the center or station and all marks which a re  
directly related to it by surveying processes and 
are  aids in its recovery and identification. I n  land 
surveying the  term may include also objects such as 
roads, ditches, fences, etc., which form a bound for 
the land It is well therefore in treating of survey 
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stations to use the  designations station mark or 
center mark, reference mark, and zoihtess mark for 
the separate marks;  and in land surveying, unless 
monument is used in a general sense, to w e  the  
particular terms, corner, or corner mark, reference 
mark, and witness mark. Note tha t  a witness mark 
has  more authority in land surveying than in control 
surveying. 

GEODETIC SURVEY 

monument (United States publicland survey.9) .*-A phys- 
ical structure which marks the location of a corner 
or  other survey point. 

Monument and corner a r e  not synonomous, though 
the two terms are  often used largely in the same 
sense. 

mountain barometer.-See under barometer. 
multiple level line.-See under level line. 

N 
nadir.-The point where the  direction of the plumb- 

line extended below the horizon meets the celesttat 
sphere. 

The nadir is directly opposite the zenith. 
national control survey nets.-See under control. 
national mapping plan.-See under mapping plan. 
National Prototype Meter.-See nnder meter. 
nautical chart.-See under chart. 
nautical mile.-See under mile. 
navigable waters.-The waters which a re  used or a re  

susceptible of being used, in their ordinary condi- 
tion o r  af ter  reasonable improvements have been 
made, as highways for commerce in the customary 
means of travel on water. 

net (leveling).-A series of lines of levels which have 
been interconnected in such a manner tha t  closed 
loops or circuits have been formed. 

network (leveling).-See net (leveling). 
New England datum.-See under datum. 
Newtonian constan6 of gravitation.-See under gravita- 

New York leveling rod.-See under leveling rod. 
nodal point of a lens. first and second.-The intersec- 

tions of the  principel a d s  with the (produced) 
incident and emergent parts, respectively, of any ray 
having those parts parallel to  each other. 

tion : constant of gravitatdon. 

nodical month.-See under month. 
nomogram.-A chart or drawing showing, to  scale, the 

relationship between known and dependent variables, 
in such manner t h a t  a value of a dependent variable 
corresponding to  a stated value of the  known variable 
can he scaled from the chart. 

Nomograms are  used in the graphical solution of 
formulas where the precieion of the result does not 
require numerical computation. 

0 

nomograph.-A nomogram. 
Although the term nomograph is given the pref- 

erence in Wehster’s International Dictionary, nomo- 
n ram is preferred in the several texts consulted. 

normal.-In general, a straight line perpendicular to a 
surface or to  another line. Also, a condition of being 
perpendicular to a surface or line. In geodesy, a 
straight line perpendicular to  the surface of the 
epherold. 

While the term normal is correctly used to  desig- 
nate also a line perpendicular to  the surface of the 
geoid, the  term vertical is preferred for such a line. 
The term normal, in general, applies to a line of un- 
specified length, but some writers use it to  designate 
the length of line between the surface of the spher- 
oid and the minor axis, giving i t  the designation 

To this  particular line the French apply the “N”. 
term “great normal”. This length is the radius of 
curvature of a prime vertical section of the spheroid. 

normal equation.-See under equation. 
normal section azimuth.-See under azimuth: normal 

section. 
normal section line.-A line on the surface of the 

spheroid, connecting two points on that  surface, and 
traced by a plane containing the normal at one 
point and passing through the other point. 

There can be two such lines connecting any two 
points (as  A and B) on the spheroid: one defined 
by the plane containing the normal at A and passing 
through B ; the  other containing the Normal a t  B and 
passing through A. Where the two points are  on 
the same parallel of latitude or  on the same merid- 
ian of longitude, the  two lines will be coincident. 

North American datum.-See under datum. 
North American datum of 1927.-See under datum. 
north star.-See under Polaris. 
northing.-See under latitude: diflerence of latitude 

nutation.-A periodic motion of the celestial poles. 
(plane surveying). 

obliquity of the ecliptic.-See under ecliptfu. 
obliterated comer (United States public-land survws).- 

observation: direct.-A measure of the quantity whose 

Example : a single measure of a horizontal angle. 
observation: indirect.-A measure of a quantity which 

is a function of the quantity or  quantities whose 
value is desired. 

Example : a n  observed difference of elevation with 
a spirit level, used to obtain the elevation of a bench 
mark. 

See under corner. 

value is desired. 

observation equation.-See under equation. 
observed angle.-See under angle. 

observed value.-See under value. 
occultation.-The disappearance of a body behind an- 

other body of larger apparent size. 
Wh6n the moon passes between the observer and 

a star, the s ta r  is said to  be occulted. The three 
associated terms, occultation, eclipse, and transit, 
are exemplified by the motions of the satellites of 
Jupiter. An eclipse occurs when a satellite passes 
into the shadow cast by the planet; a n  occultation 
occurs when a satellite passes directly behind the 
planet, so tha t  it could not be seen even if it were 
illuminated; and a transit occurs when a satellite 
passes between the observer and the planet, showing 
against the disk of the planet. The occultation of 
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stars by the moon furnishes a method of determining 
latitude and longitude used in early surveye, particu- 
larly those of a n  exploratory character. 

odometerla revolution counter which is attached to 
the wheel of a vehicle and registers the number of 
turns  made by the wheel h traveling over the 
ground. 

An odometer Is used in obtaining a n  approximate 
value of the distance traveled, the number of revo- 
lutions being multiplied by the circumference of 
t h e  wheel. See poseometer. 

offset.-A short line perpendicular to  a surveyed line, 
measured to a line or point for which data are  
desired, thus locating the second line or p o h t  with 
reference to the 5rs t  or surveyed line. An offset 
is also a jog in a eurvey or other line, the line 
having approximately the same direction both before 
and after passing the jog. 

Offsets a re  measured from a surveyed line or lines 
t o  the  edges of an irregular-shaped body of water, 
o r  to  any irregular I h e  which it is desired to  locate. 

offset (United States public-land surveys) .-A perpendic- 
ular distance measured from a great circle line 
to  a parallel of latitude, to locate a section corner 
on tha t  parallel. See secant method (United Btates 
public-land surseve) ; tangent method (Unfted 
Btates public-land surveys). 

offset line.-A supplementary line close to  and roughly 
parallel with a main line, t o  which it is referred 
by measured odsete. 

Where the line for which data are desired is in 
such positioh tha t  it is difficult to measure over it, 
the required data  are  obtained by running an offset 
line in a convenient location and measuring oflsets 
from it to  salient points on the other line. 

Old Hawaiian datum.-See under datum. 
optical axis (lens).-See under principal 0x4s. 
optical base-line measuring apparatus.-See under base 

apparatus. 
optical paral laxcSee under parallax: instrumental 

parallaz. 
optical square.-A small hand instrument used in setting 

off a right angle. 
One form of optical square employs two plane 

mirrors placed at a n  angle of 45’ to each other. 
I n  use, one object is sighted direct, and another 
object is so placed that  its twice-reflectee image 
appears directly in line with the 5rs t  object. The 
lines to the point of observation from the two ob- 
served objects will then meet in a right angle. I n  

pace.-The distance a pedestrian moves in  taking one 
step. 

See stride. 
Panama-Colon datum.-See under datum. 
parallactic error.-See under m o r .  
parallat (general).-1. The difference in the direction 

of an object a s  seen by an observer and a s  seen from 
some standard point of reference. 2. An apparent 
displacement of the position of the body with respect 
to a reference point or system caused by a shift in 
the point of observation. 

Parallax enters into many problems of astrohomy, 
surveying, and mapping. It is a n  inclusive term, 
and wherever clarity demands, it should be nccom- 
panied by a defining adjective. See annual parallaz, 
ddurnal parallax, socular parallax, instrumental 
parallax, and proposed new terms, optical paral lw,  

another form of optical square, a single plane mirroi 
is so placed that  it makes a n  angle of 45- with a 
sighting l ine;  one object is sighted direct, and the 
other so placed tha t  its reflected image is seen also 
in the sighting line. 

optical vernier.-See under vernier. 
orientation.-The act  of establishing correct relation- 

ship in direction with reference to the points of 
the compass ; the state of being in  correct relation- 
ship ih direction with reference to the points of the 
compass. 

A map is in orientation when the  map symbols 
are  parallel with their corresponding ground fea- 
tures. A plane table is in orientation when lines 
connecting positions on the plane table sheet are  
parallel with the lines connecting the corresponding 
ground objects. A surveyor’s transit is in orienta- 
tion if the horizontal circle reads Oo when the line 
of  collimation is parallel to the direction it had a t  
a n  earlier (initial) position of the  instrument, or 
to a standard line of reference. If the line of refer- 
ence is a m.eridian, the circle will show wimuths 
referred to that  meridian. 

A photograph is in orientation when it correctly 
presents the perspective view of the ground directly 
in front of the observer; or when images on the 
photograph appear in the same direction from the 
point of observation a s  do the corresponding map 
symbols. 

origin of coordinates.-See under coordinates. 
0rthodrome.-An obsolete term descriptive of a great 

orthographic map projection.-See under map projection. 
orthometric correction.-See under correction. 
orthometric elevation.-See under elevation. 
orthomorphic map projection.-See under map projec- 

tion. 
oscillation (pendulum).-A double motion, one in each 

direction, of a pendulum. An oscillation is composed 
of two consecutive vibratfone. 

I n  some texts, a vibration is called a simple oscil- 
lation, and a n  oscillation is called a double or com- 
plete oscillation. 

outcrop.-The exposed portion of a rock s t r a tum or 
vein a t  the surface of the earth. 

I n  describing a eurvey station, the exposed portion 
of a large boulder is sometimes mistaken for a n  
outcrop. 

circle. 

outline map.-See under map. 

P 
and personal parallaz. Parallax is also a basic term 
in photogrammetry, being qualified as “linear p a -  
allax,” “stereoscopic parallax,” etc. 

parallax: annual.-The difference between the direction 
from the earth to a star and the direction from the 
sun to the same star. Also termed heliocentric 
parallax. 

The annual parallax of a given star is equal to the 
angle a t  the s tar  subtended by the radius of the 
earth’s orbit. See pareec. Annual parallax does not 
enter into any surveying problems. 

parallax: diurnal.-The difference between the direction 
from a point on the surface of the ear th  to a 
planet, star, or other celestial object, and the  direc- 
tion from the center of the earth to the same object. 
Also termed geocentric parallax. 

Diurnal parallax at a given point on the surface 
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of the ear th  changes in magnitude as the ear th  ro- 
ta tes  on its axis : i t  is greatest when the celestial 
object is in the horizon of the given point, when it 
is equal to the angle a t  the object subtended by the 
semidiameter of the earth, and is termed horizontal 
parallax. The angle a t  a celestial object subtended 
by the  equatorial semidiameter of the earth is termed 
equatorial horizontal parallax, and is used to indicate 
the  distance of the object from the earth. 

Of less importance to the surveyor is annual or 
heliocentric parallax, the difference of directions to 
a s ta r  from the earth and from the sun, and of no 
importance whatever is secular parallax, due to the 
slow progressive motion of the solar system through 
space. 

parallax : equatorial horizontal.-See under parallax: 
diurnal parallax. 

parallax: geocentric.-See under parallaz: diurnal par- 
allax. 

parallax: heliocentric.-See under parallaz: annual par- 
allaz. 

parallax : horizontal.-See under parallaz: diurnal par- 
allaz. 

parallax: instrumental.-A change in the apparent posi- 
tion of a n  object with respect to the reference 
mark(s) of a n  instrument which is due to imper- 
fect adjustment of the instrument or to a change 
in the  position of the observer. 

When a telescope is poorly focused, so t h a t  the 
image of the object does not He in the plane of the 
reticle (cross hairs), a movement of the eye 
transverse to  the line o f  collimation will cause an 
apparent movement of the image of the object with 
respect to the cross hairs. This is  a usual form of 
instrumental parallax, and for it the term optical 
parallax is  proposed. Parallaz may also result from 
the position in which a n  observer stands with respect 
to  the fiducial mark8 on a n  instrument, a s  when 
reading a vernier or marking a tape end;  for this 
type of parallax the  term personal parallax is 
proposed. 

parallax: optical.-See under parallaz: instrumental 
para l lw .  

parallax: personal.-See under parallaz: instrumental 
parallax. 

parallax: secular.-See under parallaz: diurnal par- 
allax. 

parallax: solar.-The equatorial horizontal parallaz of 
the  sun. 

Solar parallax is the basis for the determination 
of the astronomical unit, and is used in some astro- 
nomical calculations a s  a measure of distance in place 
of t h a t  unit. 

parallel: astronomic.-A line on the  surface of the 
earth which has  the same astronomic latitude at  
every point. 

Because the ddec t ion  of the vertical is  not the 
same a t  a l l  points on the earth, a n  astronomic par- 
allel is a n  irregular line, not lying in a single plane. 
The astronomic parallel of 0’ latitude is called the 
astronomic equator; also called the terrestrial 
equator. 

parallel: auxiliary standard (United States public-land 
surveys) .*-A new standard parallel or correction 
line established, when required, for control purposes 
where original standard parallels or correction linea 
were placed at intervals of 30 or 36 miles. 

Auxiliary standard parallels a re  used in the er- 
tension of old surveys and for the control of new 
s u r v ~ s .  Such a line may be given a local name, as 
“Cedar Creek Correction Line,” or “Fifth Auxiliary 
Standard Parallel North.’’ 

parallel: geodetic.-A line on the spheroid which has 
the same geodetic latitude at every point. 

A geodetic parallel, other than the equator, is not 
a geodetic (geodesic) line. I n  form, it is a small 
circle whose plane is parallel with the plane of the  
geodetic equator. 

parallel: geographic.-A line on the earth having the 
same latitude a t  every point. 

The term is applicable alike to  an astronomic 
parallel or to a geodetic parallel. 

parallel: standard (cartography).-A parallel of latitude 
which Is used as a control line in the computation 
of a map projection. 

In illustrations of map projections of the conic 
type, a standard parallel usually represents a line 
of tangency or of intersection of a cone with the 
surface of the spheroid. Such illustrations are  not 
exact. 

parallel : standard (United States public-land surveys).*- 
An auxiliary governing line established along the 
astronomic parallel, initiated at a selected townsh4p 
corner on a principal meridion, usually at intervals 
of 24 miles from the base line, on which standard 
township, section, and quarter-section corners are 
established ; also known as a “correction line.” 

Standard parallels, or “correction lines” are  ea- 
fablished for the purpose of limiting the convergence 
of range lines from the south. 

parallel of altitude.-See under almucantar. 
parallel of declination.-See under declinatton. 
parametric latitude.-See under latitude. 
Parkhurst theodolite.-See under theodolite. 
parsec.-The distance a t  which the annual para- 

partial (leveling).-See divergence (leveling). 
passometer.-A pocket-size instrument which registers 

the number of steps taken by the pedestrian carrying 
it. 

The passometer is housed in a case resembling a 
watch case and is carried in a n  upright position at- 
tached to the body or to a leg. The distance walked 
is obtained by multiplying the number of steps taken 
by the  length of a pace, or of a stride, if double 
steps are  registered. See also pedometer. 

pedometer.-A pocket-size instrument which registers 
the distance in linear units traversed by the pedes- 
trian carrying it. 

The term pedometer was formerly applied also to 
a n  instrument which registered the number of steps 
taken, but for which the term passometer is now 
used. The pedometer, like the passometer, is  housed 
in a case resembling a watch case, and is carried in 
an upright position attached to the body or to a leg. 
It registers the linear distance traveled in miles or 
other units, the number of steps taken being me- 
chanically transformed into linear units. This trans- 
formation depends upon the length of a pace, which 
may be different for different persons. The pedometer 
can be adjusted to the length of the pace of the  
person carrying it. 

peg adjustment.-A method of adjusting a leveling 
instrument of the dumpy level type, to make the 
line of  collimation parallel with the axis o j  the spirit 
level, and employing two stable marks (pegs) the 
length of one instrument sight apart. 

The peg adjustment can be used with a w y e  leve2, 
but such a n  instrument is more readily adjusted by 
reversing the telescope in its wyes. A-form of peg 
adjustment is used in  determining the collimation 
error of prst-order leveling instruments of the dumpy 
level type. 

Pemberton leveling rod.-See under leveling rod: Pem- 
brrton rod. 

is equal to one second of arc (1”). 
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pendulum.-In general, a body so suspended as to  S w i n g  
freely to and fro under the influence of gravity and 
momentum. See pendulum: simple pendulum; com- 
pound pendulum. 

pendulum: bronze.-A quarter-meter pendulum used by 
the U. S. Coast and  Geodetic Survey, and made of 
aluminum bronze consisting of one par t  of alUminUm 
and nine par ts  of copper. 

Beginning in 1920, bronze pendulums were re- 
placed by invar pendulum8 in the gravity work Of 
the  U. 5. Coast and Geodetic Survey. 

pendulum: compound.-Any actual pendukm. 
A compound pendulum may be considered as com- 

posed of a n  indefinitely large number of material 
particles, at different distances from the center of 
suspension, each constituting a eimple pendulum. 
The period of vibration (oscillation) of the  compound 
pendulum may be taken as a resultant of the periods 
of the simple pendulums of which it is composed. 

pendulum: dummy.-A pendulum of similar construction 
to the working pendulums except that it is equipped 
with a thermometer and is fastened rigidly in  the  
receiver so t h a t  it cannot swing during observations. 

The dummy pendulum is subject to  the same tem- 
perature conditions as the  working pendulums, and 
is used in  determining their temperature when i n  
use. 

pendulum: free-swinging.-A pendulum moving wholly 
under the  influence of gravity ahd a n  initial mo- 
mentum imparted to  it by mechanical o r  other 
means. 

I n  gravity work, the initial momentum may be 
imparted by drawing the pendulum slightly out  of 
plumb and then releasing it. 

pendulum: idle.-A working pendulum placed in the  re- 
ceiver in advance of i ts  being used, 80 t h a t  it may 
assume the same temperature as the  dummy pmdu- 
lum. 

pendulum: invan-A quarter-meter pendulum used by 
the U. S. Coast and Geodetic Survey, and made of 
an alloy consisting of approximately one part  of 
nickel and two par ts  of iron. 

Beginning in 1920, invar pendulums have replaced 
bronze pendulums ih the gravity work of the U. S. 
Coast and Geodetic Survey. The invar pendulum 
is subject to  magnetization, and  has  a comcient 
of thermal empansion about one-fifteenth tha t  of the  
bronze pendulum which it replaced. I n  general, the 
two pendulums are  quite similar, the  weight of the  
iuvar pendulum being somewhat greater and its bob 
a little thicker at the middle. 

pendulum : invariable.-A pendulum so designed and  
equipped with means of support tha t  it can be used 
i n  only one position. 

With a n  invariable pendulum, the centers of sus- 
pension and of oscillation are  not interchangeable 
in use. Pendulums of this type have been con- 
structed by Kater, Peirce, and Mendenhall. They 
may be used only for  relative measurements of t h e  
intensity of gravity. 

pendulum: Mendenhall-An invariable pendulum, one  
quarter meter in length, with a vibration period of 
ohe-half second, composed of a lenticular-shaped 
bob on a thin stem, swung in an air t ight  case from 
which the air has been largely exhausted. 

This pendulum was designed in  1890 by Super- 
intendent Mendenhall and assistants of the U. 8. 
Coast and Geodetic Survey. It is the form of 
pendulum used since then by tha t  Bureau in deter- 
minations of the  intensity of gravity, but has  under- 
gone various improvements in mounting, methods of 
observation, etc. 

pendulum: reversible.-A pendulum 80 designed and  
equipped with means of support t h a t  it may be used 
with either end up or  down. 

With a reversible pendulum, the centers of sue- 
pension and of oscillation a r e  interchangeable in 
fact,. This type of pendulum is exemplified by pen- 
dulums constructed by Kater, by Peirce, and by 
Bepsold. Reversible pendulums may be used for  
absolute measurements of the  intensity of gfavity 
at baae stations. 

pendulum: simple.-A theoretical concept : a heavy 
particle suspended from a axed point by a fine thread 
which is inextensible and without weight. 

A simple pendulum cannot be realized i n  actual 
work. A simple pendulum is, however, t h e  basis of 
reductions of observatioils made with an actual pen- 
duhm.  Those observations have correctiom applied 
to them to  obtain results which would have been 
produced by a n  equivalent simple pehdulum. 

pendulum: temperature correction.-The quantity that is 
applied t o  the period of vibration of a pendulum t o  
allow for  the difference in  the  length of the pen- 
dulum at the temperature of observation and its 
length at some other temperature which has been 
adopted for  purposes of standardization or for com- 
bining or  comparing correspohding values. 

I n  the  work of the U. S. Coast and Geodetic 
Survey, the  temperature adopted for  these purposes 
is 15" centigrade. 

pendulum: working.-A pendulum which is used 
(swung) in a determination of the intensity of 
gravity. 

perkee.-The point in the  orhit of the moon nearest 
to  the earth. 

perihelion.-The point in  the orbit of a planet or comet 
closest to the sun. 

Perihelion of the earth's orbit provides t h e  index 
for  the anomalistic year. 

See pendulum: invariable. 

permanent bench mark.-See under bench mark. 
perpendicular equation (traverse) .-See under equation. 
personal equation.-The time interval between the  

sensory perception of a phenomenon and t h e  motor 
reaction thereto. 

Personal equation may be either positive or nega- 
tive, as a n  observer may anticipate the occurrence 
of an event, or wai t  until h e  actually sees it occur 
before making a record. 

This is a systematic error, treated as of the con- 
s tan t  type. It is a pe+SOnal error, for  which the term 
personal equation is reserved. It is of especial sig- 
nificance in observations of time, made to determine 
clock correction. For  example, it is the elapsed time 
between the seeing of the event, star bisected by 
wire, and  the recording of t h a t  event by mechanical 
(chronograph) means or by other method (eye-and- 
ear) .  Because of its Signiflcance i n  such work, spe- 
cial means have been developed for  its control. See 
mkrometer: traneit. 

personal error.-See under m o r .  
personal parallax.-See under parallam: bstrumental. 
perspective map projection.-See under map projection. 
perspective map projection upon a tangent c y l i i d e r A e e  

phase.-The visible aspect of an object. 
under map projection. 

I n  astronomy, phase is a stage i n  a cycle of re- 
curring aspects, caused by a systematic variation of 
t h e  illumination of an object. The moon passes 
through its phases, new moon to  ful l  moon and back 
t o  new moon, as its position relative to t h e  sun  a n d  
ear th  changes. I n  surveying, phase is applied to  
a signal which presents areas  of varying brightness 
to the observer : a round pole, illuminated from the 



64 U. S. COAST AND GEODETIC SURVEY 

side; a square pole, of which the observer sees two 
sides, one more strongly illuminated than the other. 
The error in pointing due to phase is of the same 
character and requires the same treatment as an 
error  due to observing a n  eccentric object. Phase 
may be closely associated with asymmetry o f  object 
(target), but the two terms are  not identical. 

Philadelphia leveling rod.-See under leveling rod: Phil- 
adelphia rod. 

physiographic feature.*-A prominent or conspicuous 
physiographic f o r m  or salient par t  thereof. 

physiographic form.*-A land jorm considered with 
regard to origin, cause, or history. 

physiography.*-The classi5cation of the genesis Of 
land jorms. 

pivot inequality.-Any difference in the diameters or 
any irregularities in the form of the pivots of the 
horizontal asis of a surveying or astronomical instru- 
ment (theodolite, transit, etc.). 

Though formerly taken into account in the com- 
putation of astronomical observations made in con- 
nection with geodetic surveys, corrections for pivot 
inequality have been rendered unnecessary by the 
production of instruments having pivots which are 
accurate and precise in size and form. 

plane (pendulum) .-A snapension bearing used in the 
support of a pendulum. 

In the Mendenhall pendulum, a n  agate plane is 
mounted in the head of the pendulum; this bears on 
a n  agate knife edge which is  mounted In the receiver. 
Since 1940, the  positions of plane and knife edge 
in some pendulums have been reversed. 

plane coordinates: State coordinate system.-See under 

plane elliptic arc.-Any par t  of the line formed by the 

plane rectangular coordinates.-See under coordinates. 
plane survey.-See under surveuing: plane. 
plane surveying.-See under surveyfng. 
plane table (surveying).-A device for plotting the lines 

of a survey directly from the observations. 
A plane table consists essentially of a drawing 

hoard on a tripod, with a ruler, the ruler being 
pointed at the object observed by means of a tele- 
scope or other sighting device. 

planimeter.-A mechanical integrator for measuring the 
area of a plane surface. 

Using a planimeter, the map area within a given 
perimeter can be measured ; by application of a factor 
derived from the map scale, the map area can be 
transformed into the corresponding area on the 
earth. There are  several forms of planimeters, d e  
pending on the same mathematical principles, but 
differing in their mechanical design and operation. 
The one most generally used in map work is the 
polar planimeter ; other well-known forms are  the 
rolling planimeter and the suspended planimeter. 

BtUte COOrdfMte 8U8tem8. 

intersection of a plane and a n  ellipsoid. 

planimetric map.-See under map. 
p1animetry.-The mensuration of plane surfaces. 

In mapping, planimetry is the determination of 
horizontal distances, angles, and areas, by measure 
inents on a map. 

planisphere.-A representation on a plane of the circles 
(parallels, merjdians, etc.) of a sphere. 

A particular form of a planisphere is a polar map 
projection of the celestial ephere, with movable parts 
which can be adjusted to show the visible aspect of 
the  heavens a t  any given time, thereby aiding in the 
selection and identification of s tars  for various pur- 
poses. The planisphere is the basis of the plan& 
8phdC astrolabe. 

planispheric astrolabe.-See under aetrokrbe. 

plat (general).*-A diagram drawn to acale showing 
all essential data pertaining to the boundaries and 
subdivisions of a t ract  of land, as determined by 
survey or protraction. 
A plat should show al l  data required for a com- 

plete and accurate description of the land which it 
delineates, including the bearings (or azimuths) and 
lengths of the boundaries of each subdivision. A plat 
may constitute a legal description of the land and 
be used in lieu of a written description. 

plat (United States public-land surveys).*-The term 
plat, as  employed technically by the U. S. General 
Land OWce, refers to the drawing which represents 
the particular area included in a survey. such as a 
tOWn8hfp, private land claim, or  mineral claim, and 
the lines surveyed, established, retraced, or  resur- 
veyed, showing the direction and length of each such 
line ; the relation to  the adjoining ofecial surveys ; 
the boundaries, descriptions, and area of each parcel 
of land subdivided; and, a s  nearly as may be prac- 
ticable, a representation of the reliej, and improve- 
ments within the limits of the survey. 

A public-land survey does not obtain complete 
Of3cial or legal status until the field notes and the 
plat have been approved by the proper supervising 
omcer, and accepted by the Commissioner of the Gen- 
eral Land Once. 

plot.-TO place survey data upon a map or  plat. 
In past use, no clearly defined difference existed 

between plat and plot. It is suggested that  a differ- 
ence be established by limiting plat to the graphical 
representation of E survey, and plot to  the carto- 
graphic operations involved in the  construction of 
a map or pkrt. 

plus distance.-The distance along a survey line from a 
survey statJon or the last even-numbered eurvql 
point to  a supplementary point. 

A stake is set a t  515.56 feet from the initial point 
of a survey line and is  not the terminal of tha t  line : 
the even 500-foot point is station No. 5 ;  the  stake 

a plus distance. 
is E PlU8 station (NO. 6+15.56), and 15.56 feet 1s 

phn sight.-See under backsight (leveling). 
plua station.-An intermediate point on a survey line, 

not at an even tape length distance from the initial 
point. See plue distance. 

point.-A position on a reference system determined by 
a survey. A m .  

point: turning (leveling).-A point on which a foresight 
1s taken from one instrument station in a line or 
levels and on which a backsight is taken from the 
next instrument station in the running and which 
i S  established simply for the purpose of allowing the 
leveling inetrument to be moved forward along the 
line of levels without a break in the series of meas- 
ured differences of elevation. 

A turning point may be a steel pin driven in  the 
ground, the head of a hold-down spike on a railroad 
track, a nail driven in a tie of a railroad track, a 
ball bearing set in a small dent in a concrete pave- 
ment, etc. 

point of compound curvature.-See under curve. 
point of curvature-See under curve. 
point of intersection.-See under curve. 
point of tangency.-See under curve. 
pointers: the pointers.-The second-magnitude stars, 

Alpha and Beta, in  the constellation Ursa Major 
(Big Dipper), the line through which points to 
Polarie. 

The pointers facilitate the 5nding and identifica- 
tion of Polarls.  They are  in the outer side of the 
“bowl” of the Big Dipper, away from the handle. 
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polar coordinatesaee under coordfnates. 
polar distance.-The complement of the decl fnatbn 

(co-declination) or 90” minus the declination. 
Polar distance forms one side, celestial body to 

pole, of the ostronomfcal triangle. It is opposite 
the t d t h .  

polar orthographic map projection4ee under map PrO- 
jectfon: modifled polycon(0. 

Polaris.-The second-magnitude star, Alpha, h the 
constellation Ursa Minor (Little Dipper). 

Also known.as the polestar, or north star, because 
of its proximity to the north pole of the celestfal 
Sphere, Polaris is well situated for determinations 
of astronomical azfmuth, and for the determination 
of the direction of the celestial meridian. It is 
at the extreme outer end of the handle of the “Little 
Dipper.” See po(nter8: the  pofnters. 

polestar.-See under Polaris. 
polyconic map projection.-See under map projectbn. 
polyconic map projection, modi5ed.-See under map pko- 

polyconic map projection. transverse.-See nnder map 

Port Clarence datum.-See under datum. 
position.-1. Data which de5ne the location of a point 

with respect to a reference system. The place occu- 
pied by a point on the surface of the earth. The 
coordinates which de5ne the location of a point on 
the geoid or spherofd. 
2. A prescribed setting (reading) of the horizontal 
circle of a directfon theodolite to be used for the 
observation on the initial station of a series of sta- 
tions which are to be observed on. 

The term as de5ued under 2 (above) indicates a 
definite position of the horizontal circle. For exam- 
ple, in firSt-Order trfangulatfon, using a two-microm- 
eter dfrectfon theodolfte, in Position No. 1, the circle 
is set to read 0’ 00’ 40” when the initial station is 
observed ; in Position No. 2, the circle is set to read 
1l001’5O’’ when the initial station is observed ; etc. 

poeition: adjrrsted-An adjusted value of the coordinate 
position of a point on the earth. 

In the adjustment of a horizontal control survey, 
discrepandes arising from errors in the observational 
data are removed, and position data of the survey 
stations are correlated and coordinated on an adopted 
reference system (geodetic datum or plane-coordinate 
system). The positions which are obtained by the 
adjustment are called adjusted positions, and when 
used as control for other work are referred to as 
5xed positions. In the adjustment of a vertical con- 
trol survey, the values obtained are adjusted eleva- 
tions, called 5xed elevations when used to control 
other work. 

position: field.-A p o s l t b n  computed while fleld work fe 
in progress to determine the acceptability of the ob- 
servations or to provide a preZ{m{nwy pOSitfOn for 
other purposes. 

position: 5xed.-See nnder position: adjusted position. 
position: geodetic-A position of a point on the surface 

of the earth expressed in terms of geodetic latftude 
and geodetic longitude. 

A geodetic position implies an adopted geodetic 
&turn. In a complete record of a geodetic position, 
the datum must be stated. 

position: geopraphifi-l‘he positton of a point on the 
surface of the earth expressed in terms of lat i tude 
and bngitude, either geodetic or astronomic. 

The U. 9. Coast and Geodetic Survey uses the term 
geographic positions for positions on a geode#@ 
&turn 

jectfon. 

projection: transverse polyconfc. 

position: preliminary-See under prelfminary. 
position: relative.-The location of a point with respect 

to other points. 
The relative position of two points whose pod- 

tions are given on the same coordinate system €a 
the dmerence of their coordfnates, which may ala0 
be expressed by a dfrectfon and distance. 

position line.-See nnder lfne of pOS{tb% 
postal map.-See under map. 
poet route map.-See under map. 
Pratt theory of isostasy.-See under fsostosy. 
precession.-See under precession of the  eguinozes. 
precession of the equinoxes.-A slow western movement 

of the eguinoxes. 
Precession of the equinoxes amounts to  about 60” 

per year and causes the dwerence in length between 
the sidereal and tropfcal years. 

precise level.-See under leveling instrument.  
precise leveling.4ee under leveling: first-order. 
precise triangulation.-See under tr iangulatfon. 
precision.*-Degree of re5nement in the performance 

of an operation or in the statement of a result. 
Precision relates to the quality of execution, and 

is distinguished from accuracy which relates to the 
quality of the result. The term precision not only 
applies to the fldelity with which required operations 
are performed, but by custom has been applied to 
methods and instruments employed in obtaining re- 
sults of a high order of accuracy. Precision is ex- 
emplified by the number of decimal places to  which 
a computation is carried and a result stated. In a 
general way, the accuracy of a result should deter- 
mine the precision of its expression. Precision is of 
no sfgni5cance unless accuracy is also obtained. 

preliminary.-NOt of the desired accuracy and predsion, 
and adopted for temporary use with the proviso of 
later being superseded. 
In the adjustment of tr iangulation, the term pre- 

liminary is applied to triangles and geographic PO& 
tions derived from selected observations for use in 
forming lat i tude and longitude condition eguatfone. 

preliminary elevstio-See under elevation. 
preliminary position-See under prelfmfnary. 
preliminary mrvey.-See under survey. 
preliminary triangle.-See under prelfmfnary. 
Pribilof Islands datum.-See under datum: Bt. George 

Island datum;  8t. Paul Island datum. 
primary triangulation.-See under triangulation. 
prime meridian.-See under meridian. 
prime vertical.-A vertical oircle perpendicular to the 

plane of the celestial meridfan. 
The plane of the prime vertical cuts the horizon 

in the east and west points. 
principal axis (of a lem).--The line nOimal to both sur- 

faces of a lens. 
In a well-centered lens system, for which the prin- 

cipal axes of the componenta are in the same straight 
line, that line is termed the optical axis of the sy8- 
tem, or simply the axis. It should never be called 
the optic axis, which ie a term used in crystallog- 
raphy. 

principal meridian (United States public-land mme~), 
See nnder meridfan. 

principal station.-See under station. 
prismatic Mtrohbe.-See under astrolabe. 
prinmatic compass.-See under composs. 
probable error.-See under error. 
probable value : most probable value.-See under a a h e :  

most probable value. 
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profl1e.-A section cut from the surface of the earth 
by a line moving along a flxed line as a directrix, and 
showing the line of intersection with t h a t  surface or 
with some underlying stratum. 

Usually the moving line will be a vertical straight 
line, and the directrix will be a straight line or a 
regular curve (as  the center line of a railroad or 
highway). The surface of intersection Will be a 
plane surface or  a regular curved surface tha t  ciin 
be developed on a plane. 

progress sketch.-A map or sketch showing work accom- 
plished. 

I n  triangulotbn and traverse surveys, each point 
established is shown on the progress sketch, and 
also lihes observed over and base Zines measured. 
I n  a leveling survey, the  progress sketch shows the 
route followed and the towns passed through, but 
not  necessarily the  locations of the  bench marks. 

projection (surveying) .-The extension of a line beyond 
the points which determine its character and posi- 
tion. The transfer of a series of survey lines to a 
single theoretical line by a series of lines perpendicu- 
la r  to  the  theoretical line. 

I n  surveying a traverse, a series of measured short 
lines may be projected onto a single long line, con- 
necting two main survey stations, and the lohg line 
then treated a s  a measured line of the traverse. 

projection: map.-See under map projection. 
protractor.-An instrument consisting of a plate marked 

with units of circular measure. 
A protractor is used in laying out on a flat or 

curved surface a n  angle of desired magnitude ; or  in  
determining the magnitude of the angle made by 
two intersecting lines on a flat surface. Protractors 
a r e  made in many sizes and forms to  suit the purpose 
and convenience of the ones using them. See pro- 
tractor: three-arm protractor; coordinate protractor. 

protractor: coordinate.-A square-shaped protractor hav- 
ing graduations on two adjacent edges, with the 
center at one corner. It is equipped with a movable 
a r m  turning about the center, and graduated to show 

linear quantities on a given scaZe. The protractor is 
covered with a grfd of the same scale and units as 
the arm. 

In use, the arm is set for a given azimuth or 
bearing, and the length of a line marked on the 
a rm:  a reading of the gdd a t  this point will give 
the latitude and departure of a line of the given 
length and bearlng. 

protractor: three-arm.-A full-circle protractor, equipped 
with three arms, the flducial edges (extended) of 
which pass through the center of the circle. The 
middle arm is  flxed, and reads 0" on the graduated 
circle. The other arms are  movable, and their 
positions on the  circle a re  read with the aid of 
verniers. 

The two movable arms may be set to  two angles 
observed between three flxed signals of known posi- 
tion, and t h e  position of the point of Observation 
obtained by a graphical solution of the three-pofnt 
problem. Also called a station pointer. 

public domain (United States) .*-The territory ceded to 
the Federal Governmeht by the Original Thirteen 
States, together with certain subsequent additions 
by cession, treaty, and purchase. 

At its greatest extent, the public domain aggre- 
gated over 1,820,000,000 acre8 and included the pres- 
ent  States of Alabama, Arizona, Arkansas, Califor- 
nia, Colorado, Florida, Idaho, Illinois, Indiana, Iowa, 
Kansas, Louisiana, Michigan, Minnesota, Missis- 
sippi, Missouri, Montana, Nebraska, Nevada, New 
Mexico, North Dakota, Ohio, Oklahoma, Oregon, 
South Dakota, Utah, Washington, Wisconsin, Wyo- 
ming, and the Territory of Alaska. 

Dublie land (United States) .*-The portion of the publiu 
domaht (United Btates) to which title is still vested 
in the Federal Government. 

public land States.*-Those States and Territorles 
created out of the public domain (United Btates). 

For list of public-land States see public domain 
(United Btates). 

Puerto Rico datum.-See under datum. 

Q 
quadrant.-Mathematics. A eector having a n  arc of veyhg and astronomical functions, having two arm, 

00". Surveying. A surveying or astronomical instru- one horizontal and one vertical. 
ment composed of a graduated arc about 90' in quarter section (United States pubblic-land surveys).-See 
length, equipped with a sighting device (alidade). under section. 

The quadrant may be considered a form of sector quarter-quarter section (United States public-land sur- 
(surveyhg) . Some quadrants combine both 8ur- veys).-See under section. 

R 
radar.-The a r t  of detecting by means of radio echoes 

the presence of objects, determining their direction 
and range, and employing the data  obtained for navi- 
gational or military purposes. 

Radar information is commonly obtained from the 
plan position indicator (PPI) ,  a form of oscilloscope 
on which the direction and range of a n  echoing ob- 
ject are represented graphically. 

radian.-See angle (general), ( d ) .  
random line.-A trial line run as nearly as circum- 

stances permit from one survey station toward an- 
other survey station which cannot be seen from the 
flrst station. 

The error of closure ( m o u n t  by which the second 

station is missed) permits the computation of a cor- 
rection to  the initial azimuth of the random line : it 
also permits the computation of onsets from the ran- 
dom line to establish points on the line between the 
survey stations. 

random traverse.-See under traverse. 
range.-In general, two points in line with the point 

of observation. 
The following are  practical exempliflcatione of a 

range : 
1. The line deflned by the side of a building or 

by a fence may be extended visually to i ts  intersec- 
tion with a survey line: the point of intersection 
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thus determined is said to be in range with the side 
of the building or with the fence. 
2. I n  hydrographic surveying, a range formed by 

two shore objects, if suitably located, aids in keeping 
a boat moving in a straight line ; the line defined by 
the range. 

3. I n  navigation, specially constructed aids mark 
ranges defining channels which a re  to  be followed 
by vessels and keep them clear of dangers. Such 
ranges are  often permanently marked by suitably 
lighted structures which are  given identifying names, 
as : Honolulu Channel Front  Light ; Honolulu Chan- 
nel Rear Light. 

4. Boundary lines across water areas and boundary 
corners in water areas where permanent marks can- 
not be established, are  sometimes defined by inter- 
section of range lines or by a range line and distance 
from a mark, the range lines being marked by perma- 
nent monuments on the land. 

range (United States public-land surveys).*-Any series 
of contiguous tOWWhip8 situated north and south 
of each other ; also sections similarly situated within 
a township. 

Ranges of townships a re  numbered consecutively 
east and west from a principal meridian: thus “range 
3 east” indicates the third range or row of town- 
ships to the  east from a principal meridian. The 
word range is used in conjunction with the appro- 
priate township to indicate the coordinates of a par- 
ticular township with reference to the initial point; 
thus “township 14 north, range 3 east” indicates 
the particular township which is the 14th township 
north of the base line and the 3rd townshtp east of 
the principal meridian. 

range finder.-An instrument for 5nding the distance 
from a single point of observation to other points at 
which no instruments are  placed. See tachymeter. 

In  general, a range 5nder employs a very short base 
h e ,  of k e d  length, which is part  of the instrn- 
ment, and is utilized according to the principle of 
trfangulation. The precbion of the optical and 
other parts of the instrument is very great, but  
because of the  small magnitude of the angle of 
intersection of the lines of sight a t  the object ob- 
served on, the distances obtained are  not of a 
high order of precisfon. 

range line (United States publicland surveys).*-An ex- 
terior boundary of a township extending in a north- 
nonth direction. 

EMaumur scale.-A temperature scale in which Oo marks 
the freezing point and 80” the  boiling point of water 
at 760 mm. barometric pressure. 

I n  some of the earliest geodetic work, the RGaumur 
scale was used in stating the  temperature of base- 
line measuring apparatus (base apparatus). 

receiver (pendulum) .-A heavy cast-metal box within 
which the pendulum is suspended and some auxiliary 
equipment placed when making observations for the 
htensity of  gravity. 

The receiver used with the Mendenhall pendulum 
is a heavy brass casting which can be made airtight 
and exhausted of air, mounted on foot 8crews for  
leveling, and provided with appliances for manipu- 
lating the pendulums and auxiliary equipment which 
are placed in it. It is provided with glass windows 
through which observations a re  made. 

reciprocal of the flattening (of the earth).-See under 
pcrttenhg of the eurth. 

reconnaissance map.-See under map. 
reconnaissance sketch.*-A drawing which resembles a 

reconnaiesance map but is lacking in some map e l e  
ment. 

reconnaissance survey.-See under survey. 

recovery of station.-A survey station is considered as 
recovered when its mark (monument) is identi5ed 
a s  authentic and proved to be occupying its original 
site. 

The recovery of station is tested by checking the  
measurements for distance and azimuth (or bear- 
ing) from the station t o  a reference mark. Witness 
m.ark8 a r e  aids to the recovery, but afford only 
secondary evidence of the position of t h e  recovered 
mark. Sometimes, exact recovery requires that t h e  
original survey connections between the station and 
at least two adjacent stations of the same survey 
and class be tested and found unchanged. 

rectangular coordinates.-See under coordfnotee. 
rectangular polyconic map projection.-See under map 

rectifying latitude-See under lat&?ude. 
reduced (parametric) latitude.-See under latitude: par- 

reduction to center.-See under center. 
reference mark.-A supplementary mark of permanent 

character close to  a survey station, to which it is  
related by accurately measured distance and azimuth 
(or bearing). 

The connection between a survey station and its 
reference mark(s) should be of sutlicient precision 
and acwracy t o  permit the reestablishment of the  
station on the ground should i ts  marks be destroyed, 
or the use of the reference mark in place of the sur- 
vey station in the extension of surveys. Reference 
marks are used to de5ne positions of boundary cor- 
ners which may be so situated (as  in water) t h a t  
permanent marks cannot be placed exactly at the 
corners. See comer: witness comer (Utvlted Btates 

referencing.-The process of measuring the  horizontal 
distances and directions (azimuth8 or bearfnge) from 
a survey statfon to  nearby l~~ndmark8. reference 
marks, and other objects which may be used in the 
recovery of the etation. 

projection. 

ametric. 

pub&-land 8UtWeys). 

refraction: angle of.-See under refractJon of light. 
refraction: angle of incidence.-See under refraction of 
Ugh#. 

refraction: astronomieaI.-The refraction by the earth’s 
atmosphere of light from a source outside the a t -  
mosphere. 

Light from a celestial body, a s  a star or planet, 
passes entirely through the atmosphere in reaching 
the earth, and follows a curved path which is con- 
cave to  the surface of the earth. The angle between 
the direction of a ray where it enters the atmos- 
phere and i ts  direction at the point of observation 
is the  astronomical refractioh of the ray, or simply 
its refraction. It is also called celestial refraction. 
Its magnitude is greatest when the observed body 
is near the horizon; with slight irregularities, it 
decreases to a minimum near the zenith, being zero 
when the path of the ray is normal to the surfaces 
of the atmospheric layers. Astronomical refraction 
must be considered in many problems of astronomy, 
surveying, and navigation. See refraction of light. 

refraction: atmospheric.-The refraction of light passing 
through the earth’s atmosphere. 

Atmospheric refraction includes both astronomi- 
cal refraction and terrestrial refraction. 

refraction: coe5cient of.-The ratio of the refraction 
angle at the point of observation to  the angle at the 
center of the ear th  subtended by the arc connecting 
the point of observation and the observed point. 

refraction: index of.-The ratio of the sine of the angle 
of incidence to the sine of the angle of refraction. 

When a ray of light passes from a vacuum into 
some medium or  from some medium into a vacuum, 
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the index of refraction is the absolute index of the 
medium. When a ray of light passes from one 
medium ihto another medium, the index is the 
relative index of those media. The index of refrac- 
tion is slightly different for different wave lengths. 
This deviation, by refraction, of different wave 
lengths, is known 88 dispersion and, for any given 
medium, the amount of the deviatioh IS a meamre 
of the dispersive power of the medium. Uhromotio 
aberration is overcome over a moderate range of 
wave lengths by using a composite lens (achrOMt(o 
lens) composed of elements having different dis- 
persive powers. A lens made achromatic for visual 
observation is not strictly achromatic for photo- 
graphic work. 

refraction: terrestrial-!l'he refraction by the earth's 
atmosphere of light from a terrestrial source. 

The path of light from a terrestrial source is 
usually not fa r  from horizontal; it passes through 
only the lower strata of the atmosphere, and suffers 
refraction throughout its entire length. The angle 
of refraction, or simply the refraction, of a survey 
line is the angle at the point of observation between 
the true direction of the observed object and the 
direction as shown by light coming from it ( d i r m  
tton of object a8 seen). 

Terrestrial refraction must be considered in mahy 
problems of surveying, and enters into some prob- 
lems of astronomy and navigation which involve 
observations on terrestrial objects. Because the 
arrangement of the air strata is not exactly sym- 
metrical ih form and density, the path of a ray of 
light through the atmosphere is not a smooth curve 
in a vertical p h e .  Its curvature is greatest. how- 
ever, in or close to a vertlcal plane, where its mag- 
nitude is of considerable importance in observations 
which are referred to the zenith or to the plane of 
the horizon, a8 are some vertical angles and spirit 
levels. Its effect ie usually to make the apparent 
altitude of an  object greater than its true altitude, 
though under special atmospheric conditions, this 
effect may be reversed. 

In  triangulation, a station which IS normally just 
below the apparent horizon may, under certain con- 
ditions of the atmosphere and because of refraction, 
become visible for a short period of time ahd be 
observable. A line which can be observed over only 
with the aid of refraction is termed a refraction 
line. Refraction in a direction which is approxi- 
mately horizontal is termed lateral refraction, and 
under some conditions can be of such magnitude a8 
to seriously a e c t  observed values of horizontd 
directions. A careful reconnaissance is required, 
especially for city surveys, to prevent the inclusion 
of lines so affected in a survey net. In some publi- 
cations of the U. 8. Coast and Geodetic Survey, 
terrestrial refraction is considered under the title 
of atmospheric refractton. 

refraction angle.-That portion of an observed zenitlc 
distance which is due to the effect of atmOSphe9-f~ 
refraction. 

The refraction angle may be taken as the difler- 
ence between the observed and geometrically deter- 
mined values of the zenith d i S t ~ C e .  

refraction line-A line of sight to a survey signal 
which becomes visible only by the effect of a t m s -  
pheric refraction. 

Refraction lines are often over bodies of water, 
the observed signal normally being below the appar- 
ent horizon, but becoming visible at the time of great- 
est refraction during the day, when it appears to rise 
out of the water, disappearing back into the water as 
the refraction decreaees. 
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refraction of light.-The change in direction of a ray 
of light passing obliquely from one medium into an- 
other, its speed in the two media being different. 

The ray of light, before being refracted, is termed 
the incident ray ; after refraction, the refracted ray. 
The angle between the incident ray and the normal 
to the surface separating the media at the point of 
refraction and on the same side of that surface a8 the 
incident ray is the angle of incidence; the corre- 
sponding angle between refracted ray and normal 
18 the angle of refraction. 

Refraction of light by the earth's atmosphere is 
termed atmospheric refraction, and is divided into 
two classes ; astronomical refraction, also termed 
celestial refraction, and terrestrlal refraction. Re- 
fraction of light must be considered in many prob- 
lems of astronomy, surveying, and navigation. See 
rejract(on: mtroncmlcal retractton; tmes trk2  r e  
W t t o n .  

relative position-See under positton. 
relief.-See under topography (or relief). 
repeating theodolite.-See under theodolite. 
repetition of angles.-The accumulation of a series of 

measures of the same angle on the horizontal circle 
of a repeating theodolite or surveyor's transit, in 
making whlch the final reading of one measure is 
used as the initial setting of the next measure of 
the angle. The observed value of the angle is ob- 
tained by dividing the total arc passed over by the 
number of observations. 

representative fraction-See under map scale: pa+ 
tional. 

Repsold base-line measuring apparatnm.-See under base 
apparatus. 

resection-The determination of the horizontal posi- 
tion of a survey station by observed dkections from 
the station to points of known position. 

The most usual problem in resection is the deter- 
mination of a point of observation by measuring two 
angles between three flxed points; this is the three 
point problem, which is solved by computation (in 
triangulation), by mechanical means (with a three- 
a m  protractor in hydrographic work), or graphi- 
cally (on a plane-table survey). Ita solution gives 
what is often termed a pa?, a position for the point 
of observation. As employed in photogrammetry, 
resection refers to position determination from meas- 
urements on photographs. 

residual error.-See under mor. 
resurvey.-See under surveg: resurvey. 
reticle (reticde)-A system of wires, hairs, threads, 

etched lines, or the like, placed normal to the 
axis of a telescope at its principal focus, by means 
of which the telescope is sighted on a star, signal, 
or target, or by means of which appropriate readings 
are made on some scale, such a8 a leveling or stadia 
rod. 

reticle ring.-The ring across which the system of 
wires, hairs, threads, or the like of a reticle are 
stretched ; or the ring which supports the glass 
diaphragm in case the reticle is a system of lines 
etched on glass. 

reversible penddom.-See under pendulum. 
reversing point, micrometer Screw (geodetic level) .-That 

setting of the micrometer head at which the bubble 
remains in the center of the level vial, when the 
instrument is level and is rotated about it8 axis. 
On some geodetic levels, a horizontal line on the 

micrometer head index piece indicates the position Of 
the reversing point, within one turn of the microm- 
eter screw, when the top of the micrometer-screw 
head is made level with it. 
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repo1ntion.-Astronomy. A turning of a body about an 

exterior point or axis. See rotation. Mathematics. 
A turning of a geometrical 5gure about an  axis. 

We say that the earth rotates on its axis and 
revolves around the sun. However, in usage, such 
clear distinction between rotate and revolve is not 
always made with complete consistency. For ex- 
ample, in geodetic surveying, a spheroid adopted 
to represent the earth is termed an ellipsoid of revo- 
lution, though according to exact terminology it is 
an ellJpsoid developed by the rotation of an ellipse 
around Its minor axis. It may be desirable to dis- 
regard custom and speak of such a 5gure as an 
ellipsoid of rotation. The expression, spheroid of 
revolution, is of such general use that its use is 
continued in this publication. 

rhumb line.*-A line which crosses successive mstJdicMls 
at a constant angle. 

The Mercator is the only map projection on which 
a rhumb line is represented by a straight line. Other 
names for rhumb line are : loxodrome, loxodromic 
curve, equiangalar spiral, and Mercator traok. 

righb ascension.-The angle between the plane of the 
hour circle passing through a celestial body and the 
plane of the hour circle passing through the vernal 
equinoo. 

Bight ascension may be measured by the angle 
at the celestial pole between the tangents to the 
&our circles of the body and of the vernal eguino~, 
or by the arc of the eguator intercepted by those hour 

S 
Mg correction. tape.-See under tape. 
St. George Island datnm.-See under datum. 
St. Hilaire Method (Method of Marcq St. Hilaire).-& 

adaptation of the sumner line method of position 
determination which employs assumed altitudes 
(vertical angles) in the computation of an a s t m  
bomical position, and applies a simple correction for 
the difference between the observed and assumed 
values of the altitUde8. 

This method simpli5es the usual method of com- 
puting a position from Bumner linea; it is especially 
effective and simple near the geographic poles. It 
was invented in 1874 by Marcq de St. Hilaire, 8 
French naval ofecer. 

St. Michael datnm.-See under datum. 
St. Pan1 Island datum.-See under datum. 
Sanson-Flamsteed map projection.-See under map 

scale: equivalent map.-See under map scale. 
scale: fractional map.-See under map scale. 
scale: graphic (or bar) map.-See under map scale. 
scale: map.-See under map scale. 
scale factor.-A multiplier for reducing a distance 

obtained from a map by computation or scalihg to  
the actual distance on the datum of the map. Also, 
in the state coordinate systems, scale factors are 
applied to geodetic lengths to obtain grid lengths, 
or to grid lengths to obtain geodetic lengths; both 
are lengths on a seo-level datum, but the grid length8 
are affected by the distortion of the map projection. 

school and bns ronte map.-See under map. 
Schott base-line measnring apparatus.-See under bme 

sea level.-In general, the surface of the sea used a8 a 
In surveying and mapping, 

In surveying and mapping, the use of sea level 

jection: sinusoidat. 

apparatus. 

reference for elevation. 
a curtailed form of mean sea level. 

circles. Right ascension ia measured eastward from 
the v e r n d  eguinoa through 24 hours (360”). It 
corresponds to longitude on the earth, and with 
declination forms a pair of coordinates which de- 
flnes the position of a body on the celestial sphere. 

right bank.-See under bank of  stream. 
river bed.--See under bed of stream. 
river crossing (leveling).-Carrylng a Une of levels 

across a stream or other body of water, when no suit- 
able bridge is available and the width of the body 
of water Is greater than the maximum allowable 
length of sight for the leveling, requires a special 
series of observations which taken collectively is 
known as a river crossing. 

rod correction (leveling) .-See under correction. 
rotation.-Astronomy. A turning of a body about a 

self-contained axis. See revolution. Surveying. A 
turning of an instrument o r  part of an  instrument 
about an axis. 

The earth rotates on its axis. The alidade of a 
theodolite rotates about a vertical axis. 

rnn of micrometer.-See under micrometer. 
rnnning (leveling) .-A continuous series of measured 

differences of elevation, made set-up by set-up in one 
direction along a section of a line of levels, which 
results in a measurement of the difference of eleva- 
tion between the bench mark8 or other points, either 
temporary o r  permanent, a t  the ends of the section. 

rnral delivery map.-See under map. 

should be avoided ; but if used, it should be with the 
meaning of mean sea level. 

sea level datum.-A determination of mean sea level 
that has been adopted as a standard datum for 
heights. The sea level is subject t o  some variations 
from year to year, but as the permanency of any 
datum is of prime importance in engineering work, 
a sea level datum after adoption should in general 
be maintained inde5nitely even though differing 
slightly from later determinations of mean sea level 
based upon longer series of observations. 

The sea level datum now used for the U. S. Coast 
and Geodetic Survey level net is ofecially known as 
the “Sea Level Datum of 1929,” the year referring to 
the last general adjustment of the net. The datum 
itself may be cobsidered as an adjustment based 
upon tide observations taken a t  various tide stations 
along the coasts of the United States over a number 
of years. See also under mean sea level. 

sea mile.-See under mile: nautical. 
secant method (United States public-land surveys).*-A 

method of determination of the parallel of latitude 
for the survey of a base line or standard parallel 
by onsets from a great circle line which cuts the 
parallel at the flret and lWh mile Corners of the 
township bouhdary. 

The secant method is a modification of the tangent 
method, 80 arranged that minimum onsets need be 
made from the projected great circle line to the 
parallel; a t  the first and fUth mile stations on 
the secant the onsets are zero; between those sta- 
tions the ofset8 are measured to the south ; before 
and after those stations the onsets are measured t o  
the north. 

secondary triangdation-See under triangulation. 
second-order bench mark-See under bench mark. 
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second-order control surveys.-See under second-order 

second-order leveling.-See under leveling. 
second-order traverae.-See under traverse. 
second-order triangnlation.-See under triangulation. 
second-order work (control surveys) .-The designation 

given survey work of next-to-the-highest order of 
accuracy and precieion. See traverse; triangulo- 
t h n ;  and leveling. 

section (leveling).-That portion of a line o j  level8 
which is recorded and abstracted a8 a unit. 

A section always begins and ends on a bench mark, 
either temporary or permanent, when in the main 
Mne oj levels or on a spur line o f  levels. I n  the  case 
of a spur to a point the elevation of which is deter- 
mined by means of a n  extru foresight, the section 
must  begin on a temporary or permanent bench mark 
and end on the point on which the leveling rod was 
held when the extru joresight was taken. 

section (United States public-land surveys) .*-The unit 
of subdivision of a township; normally a quad- 
rangle 1 mile square, with boundaries conforming to 
meridians and parallels within established limits, 
and  containing 640 acres a s  near a s  may be. 

A normal township is divided into 36 sections by 
lines 1 mile apar t  measured from the southern and 
eastern boundaries ; any excess or de6ciency in  meas- 
urement is placed in the  northern tier or western 
range of sections. The sections within a normal 
township a r e  numbered consecutively commencing 
with number 1 in the northeast section and progres- 
sing west and east  alternately with progressive num- 
bers in the tiers, to number 36 in the southeast 
section. 

section: fractional (United States publieland sur- 
veys) .*-A section containing appreciably less than 
640 acres, usually due to invasion by a segregated 
body of water, or by other land which cannot prop- 
erly be surveyed or disposed of a s  par t  of that  
section. 

8ections a r e  also frequently rendered fractional in 
closing the surveys on the north and west boundaries 
of t h e  township, for the  reason that  deficiencies in 
measurement caused by error of survey or con- 
vergence oj meridians are  placed in the half mile 
closing against these township boundaries. 

section: half (United States public-land surveys).*-One- 
half of a normal section, formed by dividing a section 
into two par ts  by a line connecting opposite quarter- 
section c o r n s ,  and containing 320 acres as near as  
may be. 

The half section is a uni t  of description of the 
publtc lands; thus  the “east half, section 10” is the 
legal description of tha t  portion of section 10 of a 
given township lying east of the north-south center 
line of the  section. 

section: quarter (United States public-land surveys) .*- 
One-fourth of a normal section, formed by dividing a 
section into four parts by lines connecting the oppo- 
s i te  quarter-section comers, and containing 160 acres 
as near as may be. 

The quarter section is a unit of description of the 
public lands; thus the “northeast quarter, section 
10” Is the  legal description of tha t  portion of section 
10 of a given township lying east of the north-south 
center line and north of the east-west center line of 
t h a t  section. 

section: quarter-qaarter (United States publieland sur- 
veys).*-Onesixteenth of a normal section, formed 
by dividing a quarter section into four parts by lines 
connecting the  midpoints of opposite sides, and 
containing 40 acres as near as may be. 

The quarter-quarter section is a unit of description 

work (control survers). 
of the public lands; thus the “northeast quarter of 
the northeast quarter, section 10” is the legal de- 
scription for that  portion of section 10 of a given 
tOWn8hip lying east of the north-south center line 
and north of the east-west center h e  of the north- 
east quarter of t h a t  section. 

sector.-Mathematics. A geometrical flgure bounded 
by an arc and two radii. Surveying. An instrument 
composed of a graduated arc equipped with a sight- 
ing device (alidade). 

In  aurweying, the  sector and the quadrant were 
the immediate predecessors of the theodolite, both 
being mentioned in reports of early geodetic surveys 
in connection with the measurement of horizontal 
angles. These instruments were constructed with 
arcs having radii several feet in  length. Comhined 
with other words, sector is used to designate certain 
map features. as  red sector ; and special types of in- 
struments, a s  zenith sector; track sector. 

sector: track.-See under track sector. 
sector: zenith.-An astronomical instrument for meas- 

uring zenith dietances, in  which a plumb line is read 
against a short vertical arc. Also, a modern form 
of such an instrument, employing spirit levels and 
an ocular micrometer. 

In its early form, before the invention of the  
telescope, the zenith sector consisted of a quadrant 
with plumb-line control. With the coming of the 
telescope, zenith sectors used in astronomical work 
in connection with surveying operations employed 
telescopes up to five or six feet in  length with short 
vertical arcs, the vertical angle being read by means 
of a plumb line suspended from the horizontal axis 
of the instrument. 

A later form of zenith sector, employing spirit 
leveb and a n  ocular micrometer, is a precision in- 
strument. These instruments were used in measur- 
ing zenith dietances and differences of zendth dis- 
tances of s tars  close to  the zenith. In  making deter- 
minations of astronomic latitude, the zenith sector 
has been superseded by the zenith telescope. 

secular parallax.-See under parallas: diurnal parallw. 
se1enotrope.-An instrument similar to the heliotrope, 

but adapted for reflecting moonlight for signal pur- 
poses. 

The selenotrope differs from the heliotrope only 
in the greater size of the mirror used, being operated 
in exactly the same way. I n  tests made In 1883 and 
1887, selenotropes with mirrors of the sizes stated 
furnished satisfactory lights on which to observe a t  
the following distances : 22 miles, 6- by &inch mir- 
ror ;  48 miles, 6- by 8-inch mirror; and 70 miles, 
8- by 10-inch mirror. 

set-back.-The horizontal distance from the pducia2 
mark on the front end of a tape or part of tape 
which is  in use at the time back to the point on 
the ground mark or monument to  which the par- 
ticular measure is being made. 
A set-back is usually a very small distance in 

base-line measures where tape supports in the form 
of stakes are  placed in advance of the measure; 
if the distance between the  stakes is too small, the  
tape will over-run the stakes, and set-backs must 
be measured. If portable supports, such a s  bucks, 
are used, there will seldom be need for measuring 
set-backs. Set-backs are minus corrections to tape 
distances. I n  the work of the  U. 5. Coast and 
Geodetic Survey, the use of set-backs is avoided. 
See set-up. 

set-up.-The horizontal distance from the fldudul mark: 
on the front end of a tape or par t  of tape which 
is in use a t  the time, measured in a forward directioh 
to the point on the ground mark or monument to  
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which the particular measure is being made. Also, 
a surveying instrument in position at a point of 
observation. 

A set-up is usually a very small distance in base- 
Iihe measures where tape wpports in the form of 
stakes are placed in advance of the measures; if 
the distance between the stakes is too great, the 
tape will not reach from stake to stake, and set-ups 
must be measured. If portable supports, such as 
bucks, are used, there will seldom be need for meas- 
uring set-ups. Set-ups are plus corrections to tape 
distances. See set-back. 

set-up (leveling) .-The actual physical placing of the 
leveling instrument over an instrument statton. 

The terms inatrument statio* and set-up, especially 
in leveling, are often used interchangeably with 
little loss of accuracy of statement. However, if 
any distinction is to be made, set-up is considered 
to be the instrument when mounted or set up over 
the instrument station or poiht on the ground which 
is in the vertical axis of rotation of the instrument. 

sextant.-A hand instrument for measuring the angle 
between two objects in the plane deflned by the 
two objects and the point of observation, and based 
on the optical principle that if a ray of light suffers 
two successive reflections in the same plane by 
plane mirrors, the angle between the flrst and last 
directions of the ray will be twice the angle between 
the plane mirrors. 

The sextant has a graduated arc of 60°, from 
which it derives its name. Each degree division 
represents a 2' angle between the flrst and last 
directions of the ray of light, and is so marked: 
the 60° arc is marked 120". The last reflectioh 
of the ray is made parallel with the direction of 
the second object, hence the angle between the 
two objects, one seen by double reflection and the 
other viewed directly, is registered on the sextant. 
The instrument is used in navigatioh for measuring 
elevations of celestial objects, in hydrographic sur- 
veying for  measuring horizontal angles a t  a point 
in a moving boat between shore objects, and wher- 
ever instability of support makes it impossible to 
use a theodolite or transit. The sextaht has been 
in  use since around 1730. It is capable of use as a 
precision instrument. 

sextant: bubble sextant-A sextant ia which the bubble 
of a spirit level serves as the h o d o n .  

A simple form of bubble sextant was designed 
by B. E. Byrd and used by him in aerial navigation, 
on expeditions to the North and South Poles ahd 
on other arctic and antarctic expeditions. It has a 
spirit level with a circular bubble attached to the 
seatant quite close to the horizon glass; the eleva- 
tion of a celestial object is measured by bringing 
its image into contact with the image of the bubble 
as seen in the horizon glass. 

ship-shore triangulation.-See tPiangulation: ship- 
shore. 

ahoran.-A pulse-type electronic ranging system orig- 
inally designed for the positioning of bombing air- 
craft and later adapted for use in aerial photog- 
raphy, geophysical exploration, hydrography, and. 
long-range geodetic surveying. 

Fundamentally, the system consists of a mobile 
transmitter-receiver-indicator unit and a flxed re 
ceiver-transmitter unit (transponder). Pulses are 
sent from the mobile transmitter and returned to 
the originating point by the transponder. The iudi- 
cator measures the time interval required for travel 
of a pulse between stations and converts this in- 
formation into distance to the nearest thousandth of 
a mile. Shoran range is approximately limited to 

direct-path transmission as a consequence of the 
carrier frequency used (200-300 megacydes). 

shore.-The land which is covered and uncovered by 
the rise ahd fall of the normal tide. 

It is the strip of land between the mean high- 
water and mean low-water lines. In its strictest 
use, the term applies only to land along tidal waters. 

shore line.-The land-side boundary line of the shore; 
the mean highlooter line. 

Along a river, the shore line is the line along 
the river bank which is washed by the water without 
overflowing it. 

shore of stream.-The area between the bank of a stream 
and its low-zoater line. 

side equation.-See under equation. 
side shot-A reading or measurement from a survey 

station to locate a point which is not intended to be 
used as a base for the extension of the survey. 

A side shot is usually made for the purpose of 
determining the position of some object which is t o  
be shown on the map. 

sidereal day.-See under day. 
sidereal focus.-See under locus. 
sidereal month-See under month. 
sidereal time.-See under time. 
sidereal time: Greenwich.-See under t h e .  
sidereal time: leal.-See under time. 
sidereal year.-See under year. 
signal: longitude.-A sign indicating a time event, ob- 

servable at different stations, and used in comparing 
local times of those stations, and determining the 
difference of their longitudes. See longitude (vari- 
ous methods). 

signal: survey.-A natural or artificial object or struc- 
ture whose horizontal and sometimes vertical pod- 
tion is obtained by surveying methods. 

Signals are given special designations according 
to the kind of survey in which they are determined, 
or which they may later serve. 

signal: triangulation-A rigid structure erected over or 
close to a triangulation station and used for sup- 
porting instrument and observer, or target, or 
both instrument and observer and target, in a tri- 
angulation survey. Also any object, natural or ar- 
tiflcial, whose position is obtained in a trimgulation 
survey. 

The term may be applied to a structure whose 
position is determined by triangulation, but whose 
primary purpose is t o  serve later in a hydrographio 
or topographic survey, when it may become known 
as a hydrographic or topographic signal. 

simple pendulum.-See under pendulum. 
simultaneous double line.-See under level Zhe: simul- 

simultaneolls level line.-See under level line. 
sinusoidal map projection.-See under map projection. 
siphon barometer.-See under barometer. 
slope stake.-A stake set on the line where a finished 

side slope of an excavation (cut) or embankment 
meets the original ground surface. 

taneous level line. 

small scale-See under-map scale: Iractional; 
solar attachment.-An auxiliary instrument which may 

be attached t o  an engineer's transit, permitting its 
use as a solar compass. 

solar compass.-See under compass. 
solar day.-See under day. 
solar focus.-See under focm: sidereal l o w .  
solar parallax.-See under parallaz. 
solar time.-See under t4me: apparent solar time; mean 

solar transit.-An engineer's trans4t designed for use 
solar time. 

in place of a solar compass. 
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solenoid-A con of wire, often helical in form, which 
becomes a n  electromagnet when a n  electric current 
la passed through it. 

When tests show a n  invar pendulum to be mag- 
netized beyond a prescribed limit, a solenoid is used 
t o  demagnetize it. The standard equipment for a 
party engaged in determinations of gravity includes 
a suitably mounted solenoid, with compass needle, 
battery, and control .switches. 

solid angle.-See under angle. 
solstice.-A point on the ecliptic midway between (90' 

from) the equinozes. See eolstice: eummer; solstice: 
winter. 

solstice: summer.-The point on the ecliptic, north of 
the equator and midway between (90' from) the 
equinozee. 

The summer solstice is the point where the wn 
at ta ins  i t s  greatest north declination, a position 
which marks the beginning of the season of summer. 

solstice: winter.-The point on the ecliptic, south of 
the equator and midway between (90" from) the 
equinozes. 

The winter solstice is the point where the sun at- 
ta ins  its greatest south declination, a position which 
marks the beginning of the season of winter. 

solstitial co1ure.-See under colure. 
soething.-See under latitude: dinereme of Zut4tude 

speakins rod.-See under bveling rod ( g e n e r d ) .  
special-perpoae map.-See under map. 
apherical aberration.-See under aberration of l ight  (op- 

spherical angle.-See under angle. 
spherical wrdinates.-See under coordinates. 
spherical excess.-The amount by which the sum of the 

three angles of a triangle on a sphere exceeds 180'. 
I n  geodetb work, in the computation of triangles, 

the  difference between spherical angle8 and spheroi- 
651 angles is generally neglected, 8pheriCUZ anglee 
a r e  used, and Legendre'a Theorem applied to the dis- 
tribution of the spherical excess. That  is, approxi- 
mately one-third of the spherical excess of a given 
spherical triangle is subtracted from each angle of 
the  triangle. 

spheroid.-In general, any figure differing but little 
from a sphere. I n  geodesy, a mathematical figure 
closely approaching the geoid in form and size, and 
used as a surface of reference for geodetic surveys. 

I n  geodetic surveying, the spheroid is usually a n  
ellipsoid of revolution, but there is some disadvan- 
tage in using the term spheroid a s  synonomous with 
such a figure. Until the adoption of the Interna- 
tional Gravity Formula (Stockholm, 1930) ,  none of 
the gravity formulas in  general use corresponded 
to a n  exact ellipsoid of revolution. Helmert's for- 
mula of 1917 and some later ones included a term 
tha t  implied a spheroid with a n  elliptical equator, 
and meridians which were not exact ellipses. Ellip- 
soids of three unequal axes and spheroids with non- 
elliptical meridians have been proposed by geodesists 
to secure better representation of observed d@ectione 
of the vertical. The mathematical dif€lculties of flt- 
ting triangulation to any such surface have 5rmly 
established the use of a n  ellipsoid of revolution for 
t h a t  purpose. A spheroid which corresponds to an 
ellipsoid of revolution may be defined by stating the 
lengths of the  semiaxes ( a  and b )  of the generating 
ellipse, or the length of one of the semiaxes and the 
flattening (ellipticity) [ (a -b )  / a ]  of the ellipse. 

A spheroid serves a s  a base for the mathematical 
reduction (correlation and coordination) of survey- 
ing observations where account must be taken of 
the curvature of the earth's surface. It is such a 

(plane eurveying). 

tic8). 

f l a r e  as would be produced by an ellipse revolving 
around i ts  minor axis, that  is, a n  oblate ellipsoid. A 
particular spheroid may be defined by stating the 
lengths of i ts  semiaxes, a and b, or the  length of one 
semiaxis and the Ilattening (ellipticity), ( a - b ) / a .  
I n  the geodetic work of this country, the following 
spheroids have been used: the Bessel spheroid of 
1841, for which a=6,377,397.2 meters and b-  
6,356,079.0 meters : the  Clarke spheroid of 1866, 
adopted iu 1880, and in continuous use since t h a t  
time. For it, a=6,378,206.4 meters ; b=6,356,583.8 
meters. 

Of interest also is the Hayford spheroid, based 
upon observations over this entire country, in com- 
puting which account was taken of the local d d e c -  
tione o f  the VerticaZ by applying corrections for the 
effects of topography and isostatic compeneation. 
The Hayford spheroid is defined by a-6,378,388 me- 
ters ;  b=6,356,909 meters. I n  1924, the General As- 
sembly of the Section of Geodesy of the Interna- 
tional Geodetic and Geophysical Union, meeting in  
Madrid, adopted the Hayford spheroid as the basis 
for the International Ellipsoid of Reference, de5ned 
as follows : a-6,378,388 meters ; flattening (ellip- 
ticity), (a-b) /a=1/297 : and by computation, 
b=6,356,911.946 meters. 

While for reasons of expediency, the International 
Ellipsoid of Reference has not been adopted for sur- 
vey work in this country, it has considerable scien- 
tific value and tables for i ts  use have been computed 
and published. 

spheroid : eccentricity of.-See under eccetktrioity of 
epheroid. 

spheroid: ellipticity of.-See under PattenCng of the 
earth. 

spheroid: lines on a.-Any direct line between two 
positions on a epheroid, represented by two points 
on the earth. 

Such a line may be one of mathematical definition, 
o r  it may result from a direct survey between the 
points on the earth. Eight such lihes, connecting 
two points, A and B, are  listed in U. S. Coast and 
Geodetic Survey Report for 1900, pages 369-370, 
as follows: 

( a )  A normal section line from A to  B. 
(b) A normal section line from B to A. 
(c) A curve of alignment. 
(d)  A geodetic line. 
(e) A forward straight line starting in the plane 

of the normal through A and through B, ahd in 
advancing keeping B constantly sighted. 

( f )  A line similar to (e) above, but starting in 
the  plane of the normal through B and through A, 
and in advancing keeping A constantly sighted. 

(9) A forward and backward sight line over lim- 
ited distances, starting from A. 

(h)  A forward and backward sight line over Um- 
ited distances, starting from B. 

(Lines (a) ,  (b) ,  (c ) ,  and (d) are de5ned else- 
where.) 

spheroidal angle.-See under angle. 
spheroidal excess.-The amount by which the sum of the  

three angles of a triangle oh a spheroid exceeds 
180'. 

In geodetfc work, spherical angles are  used in- 
stead of spheroidal anglee, the difference between 
such angles being quite small for the largest tri- 
angles, and considered negligible for ordinary tri- 
angulation work. 

ipiral curve.-See under curve. 
spirit level.-See under level. 
spirit level axis.-See under level &. 
rpiri6 level. chambered.-See under lmeL 
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spirii l e v e l i n g 4 e e  under Zeweling. 
spur (leveling) .-See under line of levels. 
spur line of levels-See under line of leveh. 
stadia.-A graduated rod used in the determination 

of distance by observing the intercept on the rod 
subtending a small known angle at the point of 
observation. 

I n  practice, the angle is usualls defined by two 
flxed lines in  the retlcle of a telescope (transit 
or  telescopic alidade). The t e r n  stadia 18 also used 
in  connection with surveys where distances are  d e  
termined with a stadia, as, stadia survey, stadia 
method, stadia distance, etc. ; also used to designate 
par ts  of instruments used, as, stadia wires. I n  its 
strictest use, stadia refers to tbe graduated rod. 

stadia (length).-The plural form of stadium, a Greek 
measure of length somewhat greater than 600 feet. 

stadia constant (level-) .-See under constant. 
stadia interval (leveling) .-See under 4ntervaL 
Stampfer level.-See under leveling instrument. 
standard.*-An exact value, o r  concept thereof estab- 

lished by authority, custom, or common consent, to 
serve as a model or rule in the measurement of 
quantity, o r  in the establishment of a practice or  
procedure. 

Standard, as it per tahs  to any specific term, is 
considered in the  supplementary statement of tha t  
term. 

Standard (California) astronomical datum of 1885- 
See under datum. 

standard elevation.-See under e lmatbn .  
standard line (United States pnblic-land surveys).*- 

Any base line, standard parallel, principal merid-, 
or guide meridian. 

The term standard line is not in general use. 
standard of length-A physical representation of a 

linear unit tha t  is approved by competent authority. 
A standard of length is not independent of tem- 

perature, pressure, and other physical conditions to 
which it is subjected, but is a n  exact embodiment 
of the unit which it represents only under definite, 
prescribed conditions. See meter: International Pro- 
totype Meter. 

Standards of length a re  classified according to the 
uccuracy and precision of their representation of the 
given unit, and these a re  prescribed by their intended 
use and are  designated accordingly, as follows : 

1. Primary standards. International and national 
prototype standards of the highest possible accuracy 
and precision. 

2. Secondary standards. Laboratory standards 
tha t  are  compared directly with the national stand- 

3. Reference standards. lgtandards suitable for 
use in the construction of precision apparatus to be 
used in scientific investigations. 

4. Working standards. Btandards suitable for all 
ordinary preclaion work, a s  in college laboratories, 
the  general manufacture of precision instruments, 
and for the use of State  and city sealers of weights 
and measures. 

5 .  Commercial standards. Btandards satisfying 
the requirements of local sealers of weights and 
measures, drafting, machine work, etc. 

Standards of length are  also classified according 
to  their design: 1. Line standards. A standard 
in which the unit of length la defined as the distance 
between lines or  marks on the surface of the standard, 
under prescribed conditions. 2. End standard. A 
standard in which the unit of length is defined a s  the  
distance between the end surfaces of the standard, 
under prescribed conditions. Also termed a contact 
standard. 

ards. 

d d a r d  parallel (United States publicland surveys) .- 
standard survey.-See under survey. 
standard time.-See under time. 
standard topographic map of the United Statea.-See 

under map: Topographic Map of the United Btates. 
standardization.-The comparison of an instrument or 

device with a standard to  determine the value 
of the instrument or  device in terms of a n  adopted 
unit. 

A tape is standardized when the  distance between 
its fiducial marks in terms of a unit of length is de- 
termined by comparing it, under prescribed coudi- 
tions, with a standard which represents that unit. 
See calibration. A pendulum is standardized by de- 
termining i ts  period a t  a base station at frequent 
intervals of time, care being taken each time to 
swing the pendulum under a8 nearly the same con- 
ditions a s  practicable, and correcting the  results to 
the adopted references of temperature, air pressure 
in the receiver, amplitude of  vibration, and flexure. 

standardization.-(Alternate de5nition.) The deter- 
mination of the physical characteristics of a gage or 
measuring device by comparing it with a standard. 

A gage or measuring device is standardized 80 that  
measures made with it may be reported and used 
in terms of the unit wbich the standard exemplifies. 
The term “standardization” may include the deter- 
mination of a quantity which is required in  reducing 
the direct results of a standardization to correspond- 
ing values under changing conditions. For  example, 
when a base tape is standardized, its length is deter- 
mined at a definite temperature, under prescribed 
conditions of tenslon and support. Its use in the 
fleld requires also tha t  i ts  coeflcient of  thermal ez- 
pansion be known. 

See uhder paralkt. 

State base map-See under map. 
state  coordinate systems.-The plane-rectangular mor- 

&note systems established by the U. S. Coast and 
Geodetic Survey, one for each State in the Union, for 
use in defining positions of geodetic stations in terms 
of plane-rectangular ( x  and y )  coordinates. 

Each State is covered by one or more zones, over 
each of which is placed a grid imposed upon a con- 
formal map projection. The relationship between the 
urld and the map projection is established by m a t h e  
matical analysis. Zones of limited east-west dimen- 
sion and indefinite north-south extent have the trans- 
uerse Mercator map projection a s  tbe base for the 
State coordinate system; while zones for wbich the 
above order of magnitude is reversed use the  Lambert 
conformal conic map projection with two standard 
parallels. For a zone having a width of 158 statute 
miles, the greatest departure from exact scale (scale 
error) is 1 part  in 10,000. Only adjusted positions 
on the North American datum of  l9B may be properly 
transformed into plane coordinates on a State sys- 
tem. A11 such geodetic positions which are deter- 
mined by the U. s. Coast and Geodetic Survey are  
transformed into State plane-rectangular coordinates 
on the proper grid, and are  distributed by t h a t  
Bureau with the geodetic positions. State plane 
coordinates are  extensively used in recording land 
surveys, and in twenty-two States such use has re- 
ceived approval by legislative enactment. 

State map.-See under map. 
static map.-See under map. 
station.-A definite point on the ear th  whose location 

has been determined by surveying methods. A point 
on a traverse over which a n  instrument is placed 
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( a  set-up) .  Also, on a traverse, a length of 100 feet 
measured on a given line, broken, straight, or curved. 

A station may or may not be marked on the ground. 
A station is usually defined by the  addition of a term 
which describes its origin or purpose, such as trC 
angulation station, topographic station, magnetic 
station, etc. A station is often marked on the  ground 
by a monument of special construction, or by a natu- 
ral or artificial structure. 

station: instrument (leveling) .-The point over which 
a leveling instrument is placed for  t h e  purpose of 
taking a bucksight, a foresight, and such extra fore- 
sights as may be necessary from t h a t  instrument 
station. See, also, set-up. 

Except in  ra re  instances, the instrument stations 
in a line of  levels are  not  marked points such as 
traverse stations, triangulation stations, etc. 

station: intersection.-An object whose horizontal 
position is determined by observations from other 
survey stations, no observations being made at the  
object itself. 

Where the  object is observed from only two sta- 
tions, the  position is termed a “no check position,” a8 
there is no proof tha t  such observations a r e  free 
from blunders. Intersection stations a re  either ob- 
jects which it would be dif3cult to  occupy with a n  
instrument, or survey signals whose positions can 
be determined with sufecient accuracy without being 
occupied. 

station: principal.-A station through which basic d a t a  
a r e  carried in the  extension of a survey system. 

Also called a main-scheme station, a principal sta- 
tion serves primarily for  the  continued extension of 
a survey. This requires a higher order of accuracy 
and precision in its determination than  if its purpose 
were limited to  t h e  control of local surveys or the 
establishment of supplementary stations. 

station: subsidiary.-A station established t o  overcome 
some local obstacle to the progress of a survev, and 
not  t o  determine position da ta  for  the station point. 

The term subsidiary station is usually applied to  
A-stations of a traverse survey. Subsidiary stations 
a r e  usually temporary in character and  not perma- 
nently marked. I f  serving the additional purpose of 
supplying control for  a local survey, such a station 
may be permanently marked and it is then a supple- 
mentam station. 

station : supplementary.-An auxiliary survey station, 
established to increase the number of control stations 
in a given area, or t o  place a station in a desired loca- 
tion where it is impracticable or  unnecessary to  es- 
tabIish a principal station. 

Supplementary stations a r e  permanently marked, 
and  are established with a n  accuracy and precision 
somewhat lower than  is required for  a principal sta- 
tion, since they do not serve as bases from which 
extensive surveys are run. See station: subsidiary. 

station adjustment.-See under adjustment. 
station error.-See under deflection of the plumb line. 
station pointer.-See under protractor: three-arm pro- 

statute mile.-See under mile. 
Stephenson leveling rod.-See under ZeveUng rod. 
steradian.-See under angle: solid. 
stereographic horizon projection.-See under map PO- 

stereographic map projection.-See under map p r o  jec- 

stereographic meridional projection.-See under map 

stereographic polar projection.-See under map projec- 

tractor. 

jection: stereographic map projection. 

tion. 

projection: stereographic map projection. 

tion: StereOgrUphic map projection. 

strength of 5gure (triangulation) .--The comparative 
precision of computed lehgths in a triangulation net 
as determined by the size of the angles, the  number 
of conditions to  be satisfied, and the distribution of 
base lines and points of w e d  position. 

Strength of figure in triangulation is not based 
on a n  absolute scale but ra ther  is a n  expression of 
relative strength. The number expressing the 
strength of a triangulation figure is really a measure 
of its weakness, since the numbe? determined by 
formula increases in size as the  strength decreases. 

The strength of figure is derived from t h a t  portion 
of the formula for  probable error of a triangle side, 
which is indepehdent of the accuracy of the, observa- 
tions, as follows : 

in which Nd and N. are the numbers of directions observed 
and of conditions to be satisfled, and 6.4 and 68 are the rates of 
change of the sines of the distance angles A and B, 
usually expressed by the differences of the loga- 
rithms of the sines for  a difference of 1” in the angles, 
t h e  s ixth decimal place being the unit place. 

By summing up the values obtained by formula 
for  the simple figures composing a triangulation net, 
the  strength of figure of the net is obtained. As a 
triangulation net is usually composed of several 
different systems of simple figures, comparable 
values of the different systems are obtained, and  
t h e  strongest route can then be selected through 
which t o  carry a computation of length. 

Reconnaissance for  a proposed triangulation net 
Is usually executed uhder instructions which specify 
limiting values of strength of figure for  the best 
and  second-best chains of triangles between adjacent 
base lines, the  sites for  stations and  for  base lines 
being selected accordingly. Where desirable, the 
length of section may be reduced by the insertioh 
of an additional base line, and the numbers repre- 
senting the strength of figure reduced accordingly. 

stride.-The distance a pedestrian moves in taking 
two steps. 

Formerly, the  stride and the pace were largely 
synonomous; if there was a difference, it was tha t  
the stride was a long pace. The above defihition 
conforms to present-day teaching, and satisfies the 
need f o r  a term expressing the distance moved in 
taking a double step. Hence, one stride equals two 
paces. 

striding level.-See under level. 
subsidiary station.-See under station. 
summer solstice.-See under solstice. 
Sumner line (line of position).-A short portion of a 

circle o f  position represented as a straight line. 
The Sumner line was hamed for  Captain Thomas 

H. Sumner, a n  American sea captain, who discovered 
its use in 1843. The St. Hilaire Method is a special 
adaptation of the  use of t h e  Sumner line in navi- 
gation. 

sun compass.-See nnder compass. 
supplement of angle.-See under angle. 
supplemental Posts for  survey monuments.-See under 

supplementary bench mark.-See under bench mark. 
supplementary station.-See under station. 
survey.-1. The orderly process of determining data  

relating to  any physical or chemical characteristics 
of the earth. 2. The associated da ta  obtained in 
a survey (1, above). 3. An organization engaged in 
making a survey (1, above). 

1. The list of orderly processes which may be prop- 
erly called surveys is long; it may be divided into 

identification posts. 
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classes according to  the type of da ta  obtained, the 
methods and instruments used, the purposes to be 
served, etc. Examples : geodetic survey, topographic 
survey, hydrographic survey, land survey, geologic 
survey, geophysical survey, soil survey, mine survey, 
engineering survey, e t c  

2. The data obtained in a particular project may 
be designated by the name of the  project, as, “the 
topographic survey of the District of Columbia.” 
3. An organization making a survey is  often given 

a n  official name which includes the word survey; 
examples, “The United States Geological Survey,” 
“The Massachusetts Geodetic Survey.” 

survey: cadastral.*-A survey relating to  land b o u a  
aries and subdivisions, made to create units suitable 
for transfer or to define the limitations of title. 

Derived from “cadastre,” meaning register of the 
real property of a political subdivision with details 
of area, ownership, and value, the term cadastral 
survey is now used to designate the surveys of the 
public lands of the United States, including retrace- 
ment surveys for the identification, and resurveys 
for the restoration, of property lines ; the term may 
also be applied properly to  corresponding surveils out- 
side the public lands, although such surveys are  
usually termed land surveys through preference. 

sarvey: engineering.*-A survey executed for the pur- 
pose of obtaining information tha t  is essential for 
planning an engineering project or development and 
estimating its cost. 

The information obtained may, in part, be re- 
corded in the form of an engineering map. 

mrvey: exploratory.*-A survey executed for the pur- 
pose of obtaining general information concerning 
areas about which such information was not, there- 
tofore, a matter of record. 

The U. S. Geological Survey executes exploratory 
surveys in remote regions of Alaska which are used 
in the construction of maps on scales of 8 or more 
miles to an inch. 

survey: geodetic.-1. A survey in which account is 
taken of the figure and size of the earth. 2. An 
organization engaged in making geodetic surveys. 

a. Geodetic surveys a re  usually prescribed where 
the areas or distances involved are  so great that  
results of desired accuracy and precision can be 
obtained only by the processes of geodetic surveying. 

b. The Massachusetts Qeodetic Survey is an ex- 
ample of an organization engaged in making geodetic 
surveys. 

aurvey : geographic.-A general term, not susceptible 
of defined limitation, covering a wide range of sur- 
veys lying between and merging into ezploratory sur- 
veys  on the one hand and basic topographic surveys 
on the other. 

Geographic surveys usually cover large areas, are  
based on coordinated control, and are  used to record 
physical and statistical characteristics of the area 
surveyed. 

survey: geologic.-A survey or investigation of the 
character and structure of the earth, of the physical 
changes which the earth’s crust has undergone o r  
is undergoing, and of the causes producing those 
changes. 

aurvey: geolodcs1.-A general term w e d  to  designate 
an organization making geologic surveys and inves- 
tigations. 

survey: hydrographic.-A s u r v q  having for i t s  prin- 
cipal purpose the determination of data  relating to 
bodies of water. 

A hydrographic survey may consist of the deter- 
mination of one or several of the following classes 
of data:  depth of water and configuration of bot- 

tom ; directions and force of currents ; heights and 
times of tides and water stages; l0CatiOn of fixed 
objects for survey and navigation purposes. 

nurvey: inventory.-A survey for the purpose of collect- 
ing and correlating engineering data  of a particular 
type (or types) over a given area. 

An inventory survey may be recorded on a base 
map. 

survey: l a n d . 4 e e  under surveying: land survwing. 
Barney: location.-The establishment on the ground of 

points and lines in positions which have been pre- 
viously determined by computation or by graphical 
methods. 

The plans for a n  engineering project (road, canal, 
etc.) are  prepared in the oflice from survey data ob- 
tained in the field. These plans form a paper loca- 
tion, and are  the basis for the location survey. 

survey: mine.-A survey to  determine the positions and 
dimensions of underground passages of a mine ; also 
of the natural and artificial features, surface and 
underground, relating to the  mine. 

The data include both horizontal and vertical posi- 
tfons, lengths, and directions (slopes) of tunnels ; 
topographic and geological characteristics of the par- 
ticular vicinity; ownership of the land and of the 
mine ; etc. 

survey: plane.-See under surveying: plane surveying. 
aurvey: preliminary.-The collection of survey data on 

which to base studies for a proposed project. 
A triangulation reconnaissance is a preliminary 

survey, securing data  on which to base plans for the 
execution of the triangulation. 

survey : reconnaissance.*-A preliminary survey. 
A reconnaissance survey is usually executed rap- 

idly and a t  relatively low cost. The information ob- 
tained is recorded, to some extent, in the  form of a 
reconnaissance map or sketch. The form reconnais- 
sance is preferred to  reconnoissance. 

survey: resurvey.-A retracing on the  ground of the 
lines of a n  earlier survey, in which all points of the 
earlier survey that  a re  recovered are  held fixed and 
used as  a control. 

If too few points of the earlier survey are recov- 
ered to satisfy the control requirements of the resur- 
vey, a new survey may be made. A resurvey is re- 
lated directly to a n  original survey, though several 
resurveys may interpose between them. The terms 
original survey, resurvey, and new survey are of con- 
siderable significance in land surveying. 

survey : standard.-A siirvey which, in scale, accuracy, 
and content, satisfies criteria prescribed for such a 
survey by competent authority. 

aurvey: topographic.-A survey which has f o r  its major 
purpose the determination of the configuration (re- 
l ief)  of the surface of the earth (ground), and the 
location of natural and artificial objects thereon. 
Also the designation of a n  organization making such 
a survey. 

A topographic survey is usually published as a 
topographic map. 

survey: transit-andd-stridia.-A survey in which direc- 
tions, horizontal and vertical, a re  observed with a 
transit (engineer’s), and distances are  measured with 
a transit and stadia. 

A transit-and-stadia survey is nSUally processed 
in the omce, thus differing from a survey made with 
alidade and plane-table, where the map is made in 
the field a s  the observations are  taken. An exception 
is found in the topographic survey of Baltimore, 
made in the 1890’s, where transit and plane-table 
were used together in the field, and the map con- 
structed a s  the observations were made. 

559-993 0 - I 4  - 6 



U. S. COAST AND 

noroey net.-1. Holizontal control survey ne t :  arcs 
of triangulation, sometimes with lines of traverse, 
connected together to form a system of loops or cir- 
cuits extending over a n  area. Variously spoken of 
as a triangulation net, traverse net, etc. ’ 

2. Vertical control survey net : lines of spirit h e &  
h g  connected together to form a system of loops 
or  circuits extending over an area. Also called a 
level net. See control: national control survey nets. 

sorvey signal-See under signal. 
sorvey traversersee under traverse. 
mrveying.-The art of making a SUrVeY. 

surveying: geodetic.-That branch of the a r t  of sup 
veying in which account is taken of the flgure and 
size of the earth. Also called geodetic engineering. 

In geodetic surveying, prescribed precision and 
accuracy of results are  obtained through the use of 
special instruments and 5eld methods, and formulas 
based on the geometry of a mathematical 5gure 
approximating the earth in form and size. 

wroeying : land.-The determination of boundaries and 
areas of tracts of land. 

Land boundaries are usually deflned by ownership, 
commencing with the earliest owners, and descend- 
ing through successive ownerships and Dartitions. 
Land surveying includes the re-establishment of 
original boundaries, and the  establishment of such 
new boundaries a8 may be required in the partition 
of the land. The term “CUdU8trUl survefl” is Bome- 
times used to designate a land survey. but in this 
country i t s  use should be restricted to the surveys 
of the public lands of the United Btates. 

tachymeter. tacheometer. tachometer.-A surveying in- 
strument designed for use in the rapid determination 
of distance, direction, and difference of elevation 
from a single observation, using a short base, which 
may be a n  integral part of the instrument. 

There a re  several forms of instruments which 
might be called tachymeters. 1. An instrument in 
which the  base line for  distance determinations is 
a n  integral par t  of the instrument. It is to this 
type of instrument that  the term “tachymeter” is usu- 
ally applied. The so-called range finders with self- 
contained bases belong to  this class, but are  usually 
spoken of a8 range finders, and do not usually afford 
the means for the  determination of elevation. 2. An 
instrument equipped with stadfa wires or gradienter, 
the base for distance determination being a gradu- 
ated rod held a t  the distant point. 

tachymetry: tarhometry.-A method of sumeying for the 
rapid determination of distance, direction, and rela- 
tive elevation of a point with respect to  the instru- 
ment station, by a single ob8et~atiOn on a rod or 
other object at the point. 

The stadia method of surveying is the  best exam- 
ple of tachymetry in  this country, but the term 
tachymetry is little used here. Little used, too, are  
the associated terms given types of instruments used 
in this  work, namely, tachymeter (or tacheometer, 
tachometer), and tacheographometer. 

Talcott method, latitude determination.-See under 
zenith-telescope method, latitude determination. 

tangency. point of.-See under curve. 
tangent (surveyhg)-l. A straight line tha t  touches 

a given curve at one and only one point, and does 
not intersect it. 

GEODETIC SURVEY 

sorveying: plane.-A branch of the art of surveyhg 
in which the surface of the earth is considered a 
plane surface. 

In plane surveying, curvature of the earth 1s 
neglected and computations a re  made using the for- 
mulas of plane geometry and plane trigonometry. 
In general, plane surveying is  applied to surveys of 
land areas and boundaries (land surveying), where 
the areas a r e  of limited extent or the required 
uccuracy so low t h a t  corrections for the effect of 
curvature would be negligible as  compared with the 
errore of observation. For small areas, precise re- 
sults may be obtained with plane-surveying methods, 
but the accuracy and precision of such results will 
decrease a s  the area surveyed increases in size. 

norveying: trilinear.-The determination of the  position 
of a point of observation by measuring the angles 
at that  point between lines to  three points of known 
position. See under resection. 

This determination involves the solution of the 
three-poht problem, which is accomplished analyti- 
cally by computation or graphically by the use of 
chorograph or  statfon pointer, such as the three -am 
protractor. 

norveivor’s compass.-See under compass. 
surveys and maps: detailed.-Hurveyu and maps which 

take account of the smaller features and variations 
of features in  the area surveyed. 

A detailed survey implies a large-scale map of a 
small area, with increased accuracy and precision in 
both field and ofece work. 

synodical (ordinary) month.-See under month. 
wntematic error-See under m r .  

T 
2. That par t  of a traverse or alignment included 
between the point of  tangency of one curve and the 
point of  curvature of the next curve. 
3. In the 8UrWey8 Of the public land8 01 the United 
Btates, a great circle line tangent to  a parallel of 
latitude at a tOWn8hfp corner. 

tangent distance.-The distance from the point 01 inter- 
section (vertex) of a curve to i ts  point of tangency 
or  point of  curvature. 

tangent method (United State8 pnblic-land sorveys).*- 
A method of determination of the parallel of latitude 
for the survey of a base line or  standard pamUel by 
onsets from a great circle line initiated at an estah- 
lished tOWn8hiP corner and tangent to the base line 
or standard parallel at that  corner. 

The tangent great circle is projected a t  an angle 
of 90° from the meridian at the townahip corner 
from which initiated, and proper odsete are  measured 
north from the tangent to the paranel upon which 
the corners are  established. 

tangent plane.-A plane that  touches a curved surface 
at one and only one point. 

In geodetic work, a plane tangent to the 8pheroid 
at any point is perpendicular to the noma1  a t  tha t  
point. Tangent planes have been used in computing 
map projections for small areas (local systems of 
map projectiona). 

tape : alignment correction.-A o o r r e c t h  applied to 
the measured length of a line to  allow for the tape 
not being held exactly in a vertical plane contain- 
ing the line. 

Though the vertica2 planes at the two ends of 8 
line which contain the direction of the line at those 
points a re  not coincident, they a re  practically so for 
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all surveying purposes, and any method of aligning a 
base between i ts  end points will serve in determin- 
ing an alignment correction. 

tape: base.-See under base tape. 
tape: grade correction.-A correction applied to  a dis- 

tance measured on a slope to reduce it to a horizontal 
distance between the vertical lines through its end 
points. Also called slope correction, correction for 
inclination of tape. 

As the vertical lines through the end points of a 
line are  not parallel, the  reduction should be such 
tha t  the length at the average elevation will be ob- 
tained. In practice this is accomplished by consider- 
ing each tape length a separate line, and reducing it 
individually. I n  base line measures, the difference 
in elevation of the ends of the tape a re  used in com- 
puting the grade correction, rather than the grade 
or inclination of the line expressed in angular form. 
In effect, this treatment applies the grade correc- 
tion to the nominal length of the tape in determining 
its effective length in measuring a distance. 

tape: invar.-See under base tape. 
tape: length correction.-The difference between the 

nominal length of a tape and its effective length under 
conditions of standardization. 

The standard length of a tape is usually expressed 
by a number of whole units ( the nominal length) 
plus or minus a small distance which is the length 
correction deflned above. Provision is also made for 
determining any changes of length caused by thermal 
expansion (or contraction) of the tape. 

tape: sag correction (catenary correction).-The differ- 
ence between the effective length of a tape (or par t  
of a tape) when supported continuously throughout 
i ts  length and when supported at a limited number 
of independent points. 

Base tapes are  usually used with 3 or  5 points of 
support, and hang in curves (catenaries) between 
adjacent supports. Correction for sag is not required 
when the method of support in use is the same a s  
was used in the standardization of the tape. A 
base tape may also be used supported throughout or 
with 4 points of support, as on a railway rail. 

tape: temperature correction.-The quantity applied t o  
the nominal length of a tape to allow for a change 
in i ts  effective length due to  its being used at a 
temperature other than that for which its standard 
length is given. 

Temperature correction is applied when the tem- 
perature of the tape in use is different fmm the 
temperature given in a statement of i ts  standard 
length. 

tape: tension correction.4he oorrect3on applied to the 
nominal length of a tape to  allow for a change in 
effective length due to  its being used at a tension 
other than that  for which its standard length is 
known. 

A tension correction is not required when the tape 
is used In the  fleld a t  the tension of standardization. 

tape corrections.-Corrections applied to a distance 
measured with a tape to eliminate errors due to 
the physiCX-condition-of the tape, and to the man- 
ner in which it is used. 

Tape corrections which a re  functions of the phys- 
ical condition of the  tape a re  length correction, 
temperature correction, and tension correction. A 
correction which may be required because of the 
method of using the tape is the catenary correction 
(correction for  sag ) .  Closely associated with these 
are correction8 which depend upon the position of 
the line on the ground, a s  actually measured. These 
include grade correction, and alignment correction, 
which are  sometimes treated as oorreclona t o  the 

tape itself a s  used. Reduction to a datum (such as 
mean sea level) is not considered a s  a tape correc- 
tion. 

tape stretcher.-A mechanical device which facilitates 
holding a tape at a prescribed tension and  in a pre- 
scribed position. 

taping.-The operation of measuring a distance on the  
earth, using a tape or ribbon of metal or other 
material. See chaining. 

The term taping is used for all surveys except 
those of the  public lands of the United b'tates; for 
those, due to historical and legal reasons, the term 
chaining, and its related term chainmen, are pre- 
ferred. The men who mark the two ends in taping 
are  termed contact men. 

target rod.-See under leveling rod (general). 
telescope.-An optical intrument consisting essentially 

of two systems of lenses : a n  objective or  object glass 
which brings rays of light from a distant object to  
a focus within the telescope tube; and an eyepiece 
or ocular with which the image of the distant object 
formed by the objective is magnifled and examined. 
By means of a reticle placed in the  principal 

Zocus of a telescope, definite lines of sight are estab- 
lished, and the telescope thereby made into a precf- 
sion instrument for surveying and astronomic work. 
The magnifying power of a telescope depends upon 
the ratio of the focal lengths of the objective and 
eyepiece lenses. 

telescope : achromaticesee under achromatio telescope. 
temperature correction (leveling) .-See under correctton. 
temperature correction, pendulum.-See under pendulum. 
temperature correction, tape.-See under tape. 
template (templet).-A gage or pattern to guide certain 

work that  is to be done. 
A template is often a thin sheet of transparent 

material upon which suitable guide lines are  drawn. 
Examples: the  ordinary protractor or, in photo- 
graphic mapping, a transparent celluloid overlay 
made over a photograph, showing the center and all 
radial lines from the center through images of con- 
trol points, a8 well as (azimuth) lines connecting the 
center with images of points which show on the 
photograph and are  themselves the centers of other 
photographs. I n  obtaining elevatJon readings from 
map8 in connection with topographic and isostatic re- 
ductions, templates of celluloid a re  used. The tem- 
plates used in connection with deflection of  the verti- 
cal studies have circles and radial lines drawn upon 
them, so proportioned with reference to scale of map 
and azimuth tha t  land elevations and ocean depths 
within each compartment formed by adjacent arcs 
and radii can be easily averaged and the effect of the 
mass therein upon a plumb line a t  the station (center 
of circles), under various hypotheses, can be com- 
puted. The templates used in connection with grav- 
i t y  studies a re  similar to those described above, ex- 
cept tha t  no account is taken of azimuth, all com- 
partments bounded by a given pair of circles being 
of the same size and shape. A given template can 
be used only on maps-of the scale and-projection 
for which i t  is constructed. Devised by J. R. Hay- 
ford in connection with studies for t h e  5gure of 
the earth and isostasy, these templates are  known 
as the Hayford deflection templates and the  Hayford 
gravity templates. 

Temple Act.-An Act of the Congress of the  United 
States to adopt a program for the completion of the 
Topographic Map of the United States. 

Known as H. R. 4522, 68th Congress, 1st Session, 
the bill which later (1925) became the Temple Act, 
was introduced in 1924 by Dr. Henry W. Temple, a 
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Representative from Pennsylvania. No appropria- 
tions were made for carrying out i ts  provisions. 

temporary bench mark.-See under bench mark. 
tension correction. tape.-See under tape. 
terrain correction (gelPndereduktion).-The correction 

for the effect, upon the acceleration of gravity a t  a 
point, of the departure of the actual topography from 
a n  assumed plateau a t  the elevation of the point. 

The correction has the same sign whether the to- 
pography lies above or below the plateau. 

terrestrial equator.-See under equator: astronom.io. 
terrestrial meridian.-See under meridian. 
terrestrial refraction.-See under refraction. 
tertiary triangn1ation.-See under triangulation. 
thalweg.-The line following the lowest par t  of a val- 

ley, whether under water or not. 
The intricacy of detail in ordinary relief often 

makes difecult a practical location of a thalweg ; in 
a survey of a political boundary line this difeculty 
may assume considerable weight. A thalweg may 
also be defined as the line down the  center of the 
main channel of a stream ; or as the  line of greatest 
slope, cutting all contours at right angles. 

theodolite.-A precision surveying instrument consist- 
ing of a n  alidade with telescope, mounted on a n  accu- 
rately graduated circle, equipped Ti th  necessary lev- 
els, and reading devices. Sometimes, the  alidade 
carries a graduated vertical circle. 

There a re  two general classes of theodolites : direc- 
tion theodolites, often referred to  as direction Inetru- 
ments, and repeating theodolites. 

theodolite: astronomical.-See under a l taz imuth  Instru- 
ment. 

theodolite: direction instrument.-A theodolite in which 
the graduated horizontal circle remains fixed during 
a series of observations, the telescope being pointed 
on a number of signals or objects in succession, and 
the direction of each read on the  circle, usually by 
means of micrometer microscopes. 

I n  measuring horizontal angles with a direction 
instrument, angles are  not repeated (accumulated) 
on the circle, but precision and accuracy are  ob- 
tained by having the circle of high quality, by using 
precision methods of reading the circle, and by shift- 
ing the circle betweeh sets, SO t h a t  each direction 
is measured on a number of different parts of the 
circle. Direction inetruments a re  used almost ex- 
clusively in first- and second-order triangulation. 

theodolite: Parkhnrst-A directhn theodolite designed 
by and named for D. L. Parkhurst, and used on 
first- and second-order control surveys. 

The distinctive features of the Parkhurst theodo- 
lite are  its non-binding center, ball-bearing clamp 
ring, illumination through the central axis, discon- 
tinuous conical bearings, illuminated glass microm- 
eter drums, and improved designs for tangent-screw 
assembly, clamp-block assembly, and micrometer 
mountings. 

4heodolite: photo. -An instrument used in  terrestrial 
photogrammetry, and consisting of a combination of 
theodolite and camera, using the same tripod. 

In  some models, the theodolite and camera can 
be used separately; in other models, the two are  
combined in a single fnstrument. 

theodolite: repeating.-A theodol4te so designed t h a t  
successive measures of an angle may be accumu- 
lated on the graduated circle, and a final reading 
of the circle made which represents the sum of the 
repetitions. 

The observed value of the angle is obtained by 
dividing the total arc passed through in  making the 

series of observations by the  number of times the 
angle has been observed. The total arc passed 
through may include several complete circuits of 
the circle, which must be added to the circle reading 
before making the division. The repeating theodo- 
l i te  is also called a repeating instrument. Theoreti- 
cally, it is a n  instrument of great precision, but in 
its mechanical operation i t  does not give a s  satis- 
factory results a s  the direction instrument. 

theodolite: Wild.-A make of theodolite which has the 
horizontal and vertical circles graduated on glass, 
and read by a n  arrangement of prisms which brings 
the images of opposite portions of either of the 
circles into the  field of view of a reading microscope 
mounted alohgside the telescope. By mechanical 
means the graduation marks in the two images are 
brought into coincidence, and the circle read by 
means of a n  auxiliary seconds scale. 

The seconds scale is read to single seconds or to  a 
decimal part of a second without moving from the 
eye end of the telescope. A single reading thus 
obtained is the  mean of two readings of diametrically 
opposite points on the  graduated circle and is there- 
fore free from errors due to eccentricity of circle. 
The Wild theodolite is well adapted for use in trC 
angulation of any order. 

theoretical (or external) error.-See under mor. 
thermometric leveling.-See under leveling. 
third-order leveling.-See under leveling. 
third-order traverse.-See under traverse. 
third-order triangulation.-See under trlangulat4on. 
third-order work.-See under traverse; triangulation; 

and leveling. 
thread of river, middle.-The line equidistant between 

the low-water lines on the two sides of a river, ex- 
tending from headland to headland without con- 
sidering arms, inlets, creeks, and affluents as parts 
of the river. 

thread of stream.-The line equidistant from the edge 
of the water on the two sides of the stream at the 
ordinary stage of the  water. See under thread ol  
r h e r ,  middle. 

three-arm protractor.-See under protractor. 
three-point problem.-The determination of the hori- 

zontal position of a point of observation from data 
csmprising two observed horizontal angles between 
three objects of known position. 

The problem is solved graphically by means of a 
three -am protractor, and analytically by trigonomet- 
rical calculation. See resection. In plane-table sur- 
veying it is solved graphically by trial and error. 

tidal bench mark.-See under bench mark. 
tidal datum.-See under datum. 
tideland.-Land along tidal waters tha t  is below m e w  

high water  and above mean low water, that  is, the 
shore. 

tie.-A survey connection from a point of known poet- 
tion to a point whose position iS desired. 

A tie is made to determine the position of a sup- 
plementary point whose positiorr is desired for map- 
ping or reference purposes, or to Close a survey on a 
previously determined point. To “tie in” is  to make 
such a connection. The point to which the connec- 
tion is made is called a “tie point.” 

tie point.-See under tie. 
tier (United States public-land mrveys) .*-Any series 

of contiguous townships situated east and west of 
each other ;  also sections similarly situated within a 
t o  W *ship. 
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time.-The measurable aspect of duration. 
Time makes use of scales based upon the happen- 

ing of periodic events, as follows : 
1. The  duy,  depending upon the rotation of the earth. 
2. The  month, depending upon the revolution of the  
moon around the ear th .  
3. The  year, depending upon the revolution of the  
ear th  around the sun. 

When one says it is a certain time, one expresses 
a length on a durat ion scale measured from an index 
on t h a t  scale. 

For example : 4 p. m. local nican solar time means 
t h a t  4 mean solar hours have elapsed since the  mean 
sun  was on the  meridian of tho observer. 

time: apparent.-See under time: apparent solar time. 
time: apparJnt solar.-Tine measured by the  apparent  

diurnal motion of t h e  ( t rue )  sun. Also termed t rue  
solar time, a n d  often, apparent  time. 

At  any given instant ,  the  apparent  solar time is 
t h e  hour  angle of the ( t rue )  sun. I n  civil life, 
apparent  solar time is counted from the two hrtmches 
of the meridian through 1 2  hours;  t he  hours from 
t h e  lower branch a r e  marked “A. . \I.” (ante  merid- 
i a n ) ;  those from the  upper branch, “E’. 11.” (post  
meridian). I n  astronomic work, before 1925, a p w r -  
en t  solar time was counted from the iip1Wr branch 
of the meridian through 24 hours (see nstronomical 
t ime)  ; since 1925, t h e  count has  been from the lower 
branch, and the  civil d a v  has  taken tlie plnce of t he  
astronomical day in  astronomical work. Naming the  
meridian of reference is essential to the coniglete 
identification of the time. For example, 76th merid- 
ian apparent  solar time ; Greenn-ich apparent solar 
time ; local apparent  solar time (for  t he  mcridian of 
t h e  observer). Because of variations i n  the apparent  
motion of t he  snn, a clock or mntcli cannot be ad- 
just rd to  show apparent  solar time. Apparent solar 
time is time determined by observations on the ( t rue )  
sun. See time: 
equation of time. 

time: astronomical.-Solar time in a day (astronomieaz 
d a y )  t h a t  begins at noon. 

Astrononiical time may be either nppnrcnt solar 
time or menn solar time. I t  is connted from noon 
in  a single series of 24 hours. Astronomical time 
appears in  the  American Ephemeris and iiautical 
Alm:inac prior to  1925 ; but  in the rolunles for  19’75 
a n d  la ter ,  civil time is used instead. 

time: civil.-Solar time in a day (eiwil day )  t h a t  begins 
at midnight. 

Civil time may be either aliprfreiit Solnr timo or  
mean solar time; it mny he couutrcl in two series 
of 12 honrs each, hesinning a t  miilni:ht, markcd 
“A. 31.” ( a n t e  meridian) ,  ani1 a t  noon, marked 
“P. AI.” (post  meridian) ,  or in  a single serics of 
24 hours heginning a t  midniglit. 

time: dnylidit-saving.-A substitute for standard time, 
exactly 1 hour fast  on t h a t  time. 

Clocl<s showing standard time a re  changed t o  
daylight-saving time by moving tine lii.n%s ahead 
exactly 1 hour. Until 1942, i t  was not adopted hy 
the  railroads, nor generally thronghout the country ; 
and  where adopted, it was for  nse only (luring t h e  
summer months. In 1942, it was adopted by Con- 
gress for  general use, ancl unoflicially gircn t!ie name 
of war time. The time in  a given t imr hclt is iden- 
tified by the  particular designation of the belt : 
Eastern Daylight Saving Time ; Central Daylight 
Saving Time ; etc. 

It is the time shown by a snn  dial. 

time: equation of.-The difference in  hour angl% b 
twcen apparent solar time and mean solar time. 

T h e  sun  is sometimes before and  sometimes behind 
the  mean sun by a n  amount  t h a t  ranges from 0 t o  
about 16 minutes of time. As the equation of time 
may he expressed as a correction t o  e i ther  apparent 
solar time or to  mean solar time, its s ign must be 
carefully observed. 

Time: Greenwich Civil.-Mean solar time for the Green- 
wich Meridian, counted from midnight. Also called 
Universal Time (U. T.). 

Greenwich Civil Time (G. C. T.) is a reference 
used i n  the American Ephemeris and Nautical AI- 
manac for  1925 and thereafter. It is counted from 
midnight through 24 hours. 

Time: Greenwich Sidereal.-The sidereal time for the 
Greenwich Meridian. 

time: local apparent.-The apparent solar time for  t he  
meridian of the observer. 

time: local mean.-The mean solar time f o r  the merid- 
ian o f  t he  observer. 

time: local sidereal.-The sidereal time for  the meridian 
of the  observer. 

time: mean solar.-Time measured by the diurnal mo- 
tion of a fictitious body, called the mean sun, 
which is supposed to  move uniformly in  t h e  celestial 
equator, completing the circuit in  one tropical year. 
Often termed simply mean time. 

The  mean sun may be considered as moving in  
the celestial equator and having a right ascension 
equal to  the mean celestial longitude of t h e  true sun. 

A t  any  given instant, mean solar time is the h o w  
angle of the  mean sun. I n  eivil life, mean solar 
time is counted from the  two branches of t he  
mcridian through 12 hour s ;  the hours  from t h e  
lower hranch a re  marked ‘‘A. &I.” ( an te  meridian) ; 
those from the  upper hranch, ‘‘1’. 11.” (post  merid- 
inn) .  I n  astronomical work, before 1925, mean 
solar t ime nas counted from the  upper branch of 
t h e  meridian tlirough 24 honrs (see ostvouotiiictrl 
t imc)  ; since 1925, the  count has  been from t h e  
lower branch. Xaming the meridian of reference 
is essential t o  the complete identification of t h e  
time. For esample, 76th meridian mean solar t ime  ; 
Grcenwicli mean s o h r  time ; local mean solar time 
for the meridiun of the ohserver. By using the saiiie 
reference meridian over a belt or zone of the ear th ,  
watches and clocks are  adjusted to show tlie same 
mean solar time throughout the area (see stnndiird 
t i m e ) .  The  Greeniuich Meridian is t h e  refcrencc 
fo r  a n-orld-vide s tandard of mean solar time, called 
Greenicick C i v i l  Timc or Uniucrsal l ’ i i n e .  The mean 
snn being a fictitious body, mean solar time cannot 
lie deterniined directly by obsermtion. See time: 
cquu t io n of t inic. 

timc: sidcreal.-l’ime nieasured by the  apparent  diurnal  
rotittion of the (true) vernnl eqicinox. 

A t  any instant ,  sidereal time is the h o w  angle 
of the ver?lnl equinox. It is connted frorn 0 hours, 
when the vernal cqrfinoz ~ ~~~ ~~ ~~~~~ is on ~ the  ~~ meridian, ~ through ~~ 

24 hours. ~ Naining the ,meridian of reference is essen- 
t ia l  to  its complete identification. For esample, 
75th nieridian sidereal time ; Greenwich sidereal 
t ime;  local sidereal time for  the meridian of the  
ohserrer. 

On account of small differences betiwen the posi- 
tions of the t rue and mean eqninoxes,  sidereal time, 
like tlie siderenl duy, is subject to slight irregnlari- 
ties. These irregularitics are absent from (uni- 
form) sidereal time, which is measured by the mo- 
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tion of the mean equinox, and is used ih rating 
clocks of the highest precision. 

time: solarcsee under time: apparent solar time; 
mean solar time. 

time: standard.-Mean solar t h e  fer a selected merid- 
i6n adopted for use throughout a belt (zone). 

In the continental United States, the merfdian8 
of reference for stahdard time are 16’ ( 1  hour) 
apart, and multiples of 16’ from the initial meddan,  
meenwtch Meridian. The standard time for each 
belt is designated by the number of it8 merfdian, 
and also by some name of geographic signifieance: 
75th meridian or Eastern Standard Time; 90th 
meridian or Central Standard Time ; 105th meridian 
or Mountain Standard Time; and 120th meridian 
or Pacific Standard Time. The standard time merid- 
ians for Alaska are 150’ and 165O West longitude; 
for Hawaii, 150’ west longitude; for the Philip- 
pine Islands, 120° east longitude. Standard time 
was jstablished in 1883 to correlate train schedules 
of various railroads over the fame areas. The stahd- 
ard time belts were planned to be roughly sym- 
metrical with respect to the merWane of reference, 
and to extend 7 %  O t o  either side thereof. Practical 
considerations, such as the need of time correlation 
of cities outside the  original boundaries of a time 
belt with cities within the belt, have caused a gradual 
shifting of those boundaries until some of them now 
exhibit large irregularities. See time: daylight- 
saving time; war time. 

time: true solar.-See under time: apparent solar time. 
Time: Universal (U. T.).-The same as Greenwich ChU 

Time (G. 0. T.). 
The 5rst use of Universal Time as a reference 

in the American Ephemeris and Nautical Almanac 
is in the volume for the year 1939. 

time: war.-Daylight-saving t h e  as prescribed in 1942 
by Act of Congress. 

The use of war time throughout the country was 
inaugurated on February 0. 1942, docks being set 
ahead 1 hour at 2 A. M. standard time on tha t  date 
(Public Law 403, 77th Congress). Its use by State 
and local agencies was not mandatory, except where 
State legislation so directed. The time in any given 
time belt was identified by the particular designation 
of that  belt : Eastern War Time ; Central War Time ; 
etc. The use of war time was discontinued on Sep- 
tember 30, 1945, at 2 A. Y. 

toiae.-A unit of length Used in  early geodetic surveys 
and equal to about 6.4 English feet. 

The Toise of Peru was an  iron standard used in 
measuring the base lttH8 which controlled the lengths 
of the Peruvian Arc (of triangulation), executed in 
1736-1743, in connection with a determination of 
the 5gure and size of the earth. The Toise of Peru 
became the legal standwd of length in France, and 
from it was derived the French legal meter, as 
foll0WS: the toise was divided Ihto 6 pieds (feet) ; 
each pied was divided into 12  pouces (inches) ; 
each pouce was divided into 12 lignes (lines) ; and 
one French legal meter W a s  equal to 443.296 lignes 
exactly at a temperature of 13’ Reaumur. The Peru- 
vian Arc does not lie in modern Peru, but In Ecuador, 
which was included In the old Spanish presidency 
of Pern. 

Tohe of Perm.-See under toiee. 
tolerance (general) .-The permissible deviation from 

8 standard. 
In surveying operations the prescribed limiting 

probable m o r  may be regarded as an expression of 
tolerance, though the term tolerance is seldom used 
in connection with survey results. Its use may well 

be confined to stating the permissible deviation from 
exactness in the 5tting together of the component 
parts of physical apparatus : for example, the pivot 
inequality of an astronomical transit. 

topographic deflectio-That portion of the deflection 
of the plumb line which is due to the gravitational 
pull exerted by topographic masses. 

Topographic defiection is not the same as deflec- 
tion of the plumb line or station error, but is the 
theoretical effect produced by the resultant gravita- 
tional pull of the unevenly distributed topographic 
masses around the station, no allowance being made 
for Costatic compensation. 

topographic feature.*-A prominent or conspicuons 
topographic f o r m  or sallent part thereof. 

topographic form.*-A 2ad torm considered without re 
gard to  origin, cause, or histOrY. 

topographic map.-See under map. 
Topographic Map of the United States.-See under map. 
topography (or relief).*-The features of the actual sur- 

face of the earth, considered collectively as to form. 
A single feature, such as a mountain or valley, 

Is called a topographic feature. 
torsion balance.-A device for measuring very small 

forces of attraction due to gravitation, magnetism, 
etc., and cousisting of a bar suspended horizontally 
by an elastic 5lameut, one end of the bar being 
subjected to the iu5uence of the attracting force 
in a much greater degree than the other end. The 
attracting force is balanced and it8 comparative 
strength measured by the torsional reaction of the 
5lament. 

In geophysical prospecting, a form of torsion bal- 
ance is employed in determining the gradient of 
gravity, the hortzontal direction in which the inten- 
sity of gravity increases or decreases most rapidly, 
SO that in a survey of a large area, any existing 
large mass of abnormal density may be diecovered. 
For example, the oil fields of the Gulf Coast are 
associated with salt domes-plugs of salt of such 
size and density that they are easily discovered and 
located by geophysical methods. Among the instru- 
ments used in making such discoveries is the torsion 
balance. 

township (United States public-land surveys) .*<he unit 
of survey of the public lands of the United States, 
normally a quadrangle approximately 6 miles on a 
side with boundaries conforming to merfd(Un8 and 
parallels, located with reference to the initial point 
of a principal meridian and base line. 

Townships are numbered consecutively north and 
south from a baae line; thus “township 14 north” 
indicates a township in the 14th tier north of a base 
line. The word township is used in conjunction 
with the appropriate range to indicate the coordi- 
nates of a particular township with reference to the 
initial point ; thus “township 14 north, range 3 east” 
indicates the particular township which is the 14th 
township north of the base line and the 3rd town- 
ship east of the pr(nc4pal meridian controlling the 
surveys in that area. The plural form, townships 
or tps., is used whenever more than one unit is 
indicated; “townships 14 north, ranges 3, 4, and 5 
east”; “townships 14 and 15 north, range 3 east.” 

township: fractional (United States public-land a m  
veys).*-A tomwhip containing appreciably less than 
36 normal sectione, usually due to invasion by a 
segregated body of water, or by other land which 
cannot properly be surveyed as part of that township. 

!l”ownships may be rendered fractional a180 in clos- 
ing the public-land surveys on State boundaries, or 
other Ilmiting linea 
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bwnship line (United Stntes public-land surveys) .*-An 

exterior boundary of a township extending in an east- 
west direction. 

track IeveL-See under track sector. 
h c k  sector.-An instrument composed of a half-circle 

protractor with a single movable arm which carries 
a spirit level, and is so constructed that when the 
protractor base is parallel with a railway rail and 
the s f M t  level bubble is in the center of its tube, 
the movable arm will register the slope (angle of 
inclination) of the rail. 

The track sector was designed and used for de- 
termining the slope of the tape when used in trav- 
erse measures along a railway. Not proving satis 
factory, its use was abandoned. 

Transcontinental Triangnlation datum.-See under 
datum. 

transit.-1. The apparent passage of a star or other 
celestial body across a defined line of the celestial 
sphere, as a meridian, prime vertical, or  almucantar. 
The apparent passage of a star or other celestial 
body across a line in the reticle of a telescope, 
or some line of sight. The apparent passage of a 
smaller celestial body across the disk of a larger 
celestial body. 
2. A surveying Instrument composed of a horizontal 
circle graduated in circular measure and an  alidade 
with a telescope which can be reversed in its supports 
without being lifted therefrom. Also, the ac t  of 
making such reversal. 
3. An astronomical instrument having a telescope 
which can be so adjusted in position that the line 01 
sight may he made to  dedne a vertical circle. 

1. When no line is specifled, a transit across the 
meridian is usually intended. The transit of a star 
across the meridian occurs at the moment of its 
culmination, and the two terms are sometimes used 
as having identical meanings : such usage is not eor- 
rect, even where the instrument is in perfect adjust- 
ment. At the poles, a star may have no culmination, 
but it will transit the meridians. The transit of a 
small celestial body across a larger one is exemplified 
by the transit of the planet Mercury across the disk 
of the Sun, or of a satellite of Jupiter across the 
disk of that planet. 

2. A theodolite having a telescope that can be 
transited in its supports is a transit, and is some- 
times termed a transit theodolite. 
3. A transit used in astronomical work is usually 

called either an astronomical transit or a transit 
instrument. 

Also called track level. 

See eclipse, occultation. 

transit: astronomical.-See under transit, 3. 
transit: Barnberg.-See under transit: brOkefl-tele8COpe 

transit. 
transit: broken-telescope.-An astronomlcal transit hav- 

ing its telescope so shaped that a ray of light entering 
the objective is reflected a t  right angles by a prism 
placed within the telescope, the reflected ray passing 
to the eyepiece which is in the horizontal aois of 
the telescope and outside its supporting wyes. 

One make of broken-telescope transit, called the 
BKiberg brokenXelescope -transit- or the Bamberg 
instrument, is described in two Special Publications 
of the U. S. Coast and Geodetic Survey: No. 36, 
Determination of the Difference in Longitude Be- 
tween Each Two of the Stations Washington, Cam- 
bridge, and Far Rockaway, by Fremont Morse and 
0. B. French, 1916; and No. 109, Wireless Longi- 
tude, by George D. Cowfe and p1. A. Eckhardt, 1924. 
The term “bent transit” has also been applied to this 
instrument. The design of this instrument permits 
ite use in the determination of btitude by the zenith- 
telescope method. It is given considerable weight 

without producing undesirable flexure. This and the 
unusually long distance between the supporting wyes 
make for stability. The striding level used with 
straight-telescope instruments is replaced with a 
hanging level. The position of the eyepiece being 
independent of the altitude of the object observed 
promotes convenience in observing. This instrument 
is used in drst-order determinations of astronomic 
longitude, astronomic latitude, and recently has been 
used in first-order determinations of astronomic a& 
muth at stations in high latitudes. See admuth: 
micrometer method, determination of astronomfo 
azimuth. 

transit: solar.-See under solar transit. 
transit-and-stadia survey.-See under survey. 
transit instrument.-See under transit, S. 
transit micrometer-See under tdcrometer. 
transit micrometer. contact correction.-See under 00- 

transit rule: balancing snrvey.-See under balanc6ng 

transit traverse.-See under traverse. 
transition curve.-See under curve: spiral curve. 
Transportation Map of the United States.-See under 

map. 
transverse Mercator grid.-An informal designation for 

a lgtate coordinate system based on a transverse 
Mercator map projection. 

transverse Mercator map projection.-See under map 
projection. 

transverse pobconic map projection.-See under map 
projection. 

traverse.-See under traverse: survey traverse. 
traverse: astronomical.-A survey traverse in which the 

geographic positions of the stations are obtained 
from astronomic observations, and lengths and azi- 
muths of lines are obtained by computation. 

traverse: closed.-A survey traverse which starts and 
ends upon the same station, or upon stations whose 
relative positions have been determined by other 

traverse: first-order.-A survey traverse which by itself 
forms a closed loop or which extends between ad- 
justed positions of other fret-order control surveys, 
and has a ClO8ing error in position not greater than 
1 part in 26,000 of its length. The criteria prescribed 
for attaining the required accuracy and precision are 
as follows : The probable error of any main-scheme 
angle shall not exceed k1.5” : the number of angle 
stations between astronomic-azimuth stations to be 
10 to 16 in number : the discrepancy per main-scheme 
angle station between astronomic azimuths not to 
exceed 1.0”; the probable error of the astronomic 
azimuths not to exceed AO.5’’. 

Formerly known as precise traverse, the present 
designation of flrst-order traverse was recommended 
by the Federal Board of Surveys and Maps in May 
1925. Lacking the geometrical checks obtainable in 
triangulcrtion, flrst-order traverse, though formerly 
used in the fundamental control survey of the coun- 
try, is no longer so used. 

traverse: fonrth-order.-A survey traverse of an accu- 
racy less than third-order traverse. 

In fourth-order traverse, angles are observed with 
a transit or seatant or are determined graphically, 
and distances are measured with tape, 8t5di5, or 
wheel. 

traverse: geographical exploration-A route followed 
acrow some part of the earth, approximate positions 
along which are determined by sumwing or naviga- 
tional method& 

tact correction. 

a survey. 

8UrVWS. 
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traverse: open.-A 8UrPt?# traverse which s tar ts  from 
a station of known or adopted position, but does 
not end upon such a station. 

traverse: random.-A survey traverse run from one sta- 
tion to  another survey station which cannot be 
seen from the first station, in  order to  determine 
their relative positions. 

traverse: 8econd-order.-A survey traverse which by it- 
self forms a closed loop or which extends between 
adjusted stations of first- or second-order contro2 
surveys, and has  a closing error in position of be- 
tween l part  in 10,000 and l part in 25,000 of its 
length. The following additional criteria a r e  pre- 
scribed for the  attainment of the required accuracy 
and precision: probable error of main-scheme angles 
not to exceed f3.0"; number of angle stations 
between astronomic-azimuth stations, 15 to  25 ; dis- 
crepancy per main-scheme angle station between 
astronomic azimuths, not to exceed 2.0" ; probable 
error of astronomic azimuths, not to  exceed k2.0". 

The present designation, second-order traverse, 
was recommended by the Federal Board of Surveys 
and Maps in May 1925. 

traverse: survey.-A sequence of lengths and direction8 
of lines between points on the earth, obtained by 
or from field measurements, and used in determining 
positions of the points. 

A survey traverse may determine the  relative 
positions of the points which it connects in  series, 
and if tied to  control stations on a n  adopted datum, 
the  positions may be referred to t h a t  datum. Sur- 
vey traverses a re  classified and identified in a variety 
of ways : according to methods employed, as, astro- 
nomical traverse; quality of results, as, first-order 
traverse; purpose served, as, geographical explore 
tion traverse; according to form, as, closed traverse, 
etc. 

traverse: third-order.-A survey traverse which by it- 
self forms a closed loop or which extends between 
adjusted stations of other control surveys, and has a 
closing error in position of between 1 part  in 5,000 
and 1 part  in 10,000 of its length. The following 
additional criteria are prescribed for attaihing the 
required accuracy and precision: probable error of 
main-scheme angles not to exceed f6.0" ; number of 
angle stations between astronomic-azimuth stations, 
20 to  35 ; discrepancy per main-scheme angle station 
between astronomic azimuths, not to exceed 5.0" : 
probable error of astronomic azimuths, not to exceed 
k5.0". 

The present designation, third-order traverse, wa8 
recommended by the Federal Board of Surveys and 
Maps in May 1925. 

traverse: transit.-A survey traverse in which the 
angles a r e  measured with a n  engineer's transit or 
theodolite and the lengths with a metal tape. 

A t ransi t  traverse is  usually executed for the con- 
trol of local surveys and is of second- or third-order 
quality. 

See random line. 

traverse net.-See under survey net. 
traverse tables.-Mathematical tables listing the 

lengths of the  sides opposite the oblique angles 
for each of a series of right-angle plane triangles, 
as functions of the  length and azimuth (or  bearing) 
of the  hypotenuse. 

Traverse tables are used in computing latitudes 
and departures in surveying and of courses ih navi- 
gation. One argument of such a table is the angle 
which the line or course makes with the meridian 
(its azimuth or bearing), and the other argument 
ia a distance. In tables used in land surveying, 
the  distance argument is usually a series of integers, 

from 1 to 9, with which lines of greater length may 
be composed. In  navigation, the distance argument 
may run to several hundred miles. 

triangulation.-A method of surveuing in which the 
stations are points on the ground a t  the vertices 
of a chain or network of triangles, whose angles are  
observed instrumentally and whose sides are  de- 
rived by computation from selected triangle sides 
called base lines, the  lengths of which are  obtained 
from direct measurements on the ground. 

Triangulation permits the selection of sites for 
stations and base lines favorable for use both from 
topographic and geometric considerations (see 
streitgth of figure) ; it is  well adapted to the use 
of precision instruments and methods in all its op- 
erations, and susceptible of great accuracy and pre- 
cision in i ts  results. Triangulation is generally used 
where the area surveyed is  large and requires the 
use of geodetic methods. Triangulation may be con- 
sidered a s  including not only the actual operations 
of observing angles and measuring base lines, and 
their mathematical processing, but also the recon- 
naissance which precedes those operations, and the 
astronomic observations which are required in the 
establishment of a geodetic datum and in the control 
of the triangulation. 

triangulation: arc.-A system of tr iangulatht  of 
limited width designed to progress in a single gen- 
eral direction. 

Arc triangulation is executed for  the purpose Of 
connecting independent and widely separated sur- 
veys, coordinating, and correlating local surveys 
along the arc, furnishing data for the determination 
of a geodetic datum, providing a network of control 
points for a country-wide survey, etc. See area tri- 
angulation. 

triangulation: ares.-A system of triangulation designed 
to progress in every direction. 

Area triangulation is executed to  provide survey 
control points over an area, a s  of the city or county ; 
or for filling in the areas between arcs of triangula- 
tion which form a network extending over a county 
or State. See arc triangulation. 

triangulation: first-order.-Triangulatio~ conforming to 
the following criteria : the average error of closure 
of the main-scheme triangles shall not exceed 1"; 
the maximum error of closure of the main-scheme 
triangles shall not exceed 3"; the error or closure 
in  length on a measured base line or on a line of 
adjusted first-order triangulation shall not exceed 
1/25,000 of the length of the line after the angle 
and side equations have been satisfied in the adjust- 
ment. 

First-order triangulation was at one time known 
a s  primary triangulation; this was changed in  1921 
to  precise triangulation; and in May 1925 the  pres- 
ent  designation was recommended for adoption by 
the Federal Board of Surveys and Maps. The report 
of t h a t  Board recommended that  the four grades of 
horizontal and vertical control ordinarily used be 
designated a s  first order, second order, third order, 
and fourth order, respectively, the first-named being 
the most accurate. 

triangulation: flare.-A method of triangulatian in 
which simultaneous observations are  made on para- 
chute flares. This method is used for extending tri- 
angulation over lines too long to be observed by 
ordinary methods. 

triangulation: precise.-The designation which, from 
1921 until the present terminology was adopted in 
1925, was applied to  what is now called f is t -order 
triangulation. 
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Msngulation: primam-The designation which, prior 

to 1921, was given to what is now called first-order 
triungulation; and thereafter and until the present 
terminology was adopted in 1925, was applied to 
what is now called second-order triungulation. 

triangulation : secondary.-The designation which, prior 
to 1921, was given to what is now called second- 
order triangulation; and thereafter and until the 
present terminology was adopted in 1925, was ap- 
plied to what is now called thirdorder triangula- 
tion. 

triangulation: seeondorder.-TriM1.gulat~n which doe6 
not attain the quality of first-order triangulation but 
does conform to the following criteria : the average 
error of closure of the main-scheme triangles shall 
not exceed 3” ; the maximum error of closure of the 
main-scheme triangles shall not exceed 5” ; the error 
of closure in length on a measured base line or on a 
line of adjusted first- or second-order triangulation 
shall not exceed 1-/10,000 of the length of the line 
after the angle and side equations have been satis- 
fled in the adjustment. 

Second-order triangulation was at one time known 
as secondary triangulation; later (1921) the name 
was changed to primary triangulation; and in May 
1925 the present designation was recommended by 
the Federal Board of Surveys and Maps. 

triangulation: ship-shore-A method of extending trC 
angulation along a coast by making simultaneous 
observations from three or more shore stations on 
a target mounted on an  anchored ship. 

This method is used only when it is impractical to 
establish a chain of triangles or quadrilaterals. 

triangulation: tertiary-The designation which, prior 
to 1921, was given to what is now called third-order 
triangulation. 

triangulation: third-order-Triangulation which does 
not attain the quality of eecond-order triangulation, 
but does conform to the following criteria : the 
average error of closure of the main-scheme triangles 
shall not exceed 5 ” ;  the maximum error of CloSUre 
of the main-scheme triangles shall not exceed lo”; 
aad the closure in length on a measured base line 
or on a line of adjusted triangulation shall not ex- 
ceed 1/5,000 of the length of the line after the 
angle and side equations have been satisfied in the 
adjustment. 

Third-order triangulation was at one time known 
as tertfmy triangulation; later (1921) the name was 
changed to  secondaw triangulation; and in May 
1925 the present designation was recommended by 
the Federal Board of Surveys and Maps. 

triangulation arc.-A system of triangulation forming 
a band or  belt on the surface of the earth. Or the 
corresponding system of positions, lines, and angles 
on the surface of the spheroid. 

The axis of a triangulation arc may approsimate 
in position an arc on the spheroid, following a merid- 
ian of longitude, a parallel of latitude, or an oblique 
arc; it may follow a natural feature as a river; 
or it may follow an artificial feature, as-a-civil 
boundary. It is usually given an identifying name 
corresponding to its general or particular location, 
or having other geographic signitlcauce : as Niuety- 
eighth Meridian Arc, Mississippi River Arc, etc. 

triangulation net.-See under survey net. 
triangulation s i g n a l d e e  under signal. 
triangulation station.-A point on the earth whose post- 

tion is determined by triangulation. 
Mangalation tower.-A triangulation &gnu2 consisting 

of two separate structures, independent of one an- 
other; an inner structure which supports the the- 

odolite and sometimes the target or signal lamps, 
and ah outer structure which supports the observer 
and his assistants and sometimes the target or sig- 
nal lamps. 

Triangulation towers are used to elevate the 24ne 
of sight above trees, topographic features, and other 
obstacles that might interfere with the observing. 
Before 1927, towers of wood were used, the inner 
structure being a tripod and the outer structure a 
four-leg scaffold. In 1927, the Bilby steel tower 
was put into use. Triangulation towers more than 
100 feet in height are not unusual. 

triaxial ellipsoid.-See under ellipsoid. 
tribrach.-The three-arm base of a surveying instru- 

ment which carries the foot-screws used in leveling 
the instrument. 

Many surveying instruments have a four-acrew 
base or quadribrach. Such an  instrument is not 
suitable for third- or higher-order horizontal control, 
for the leveling process may introduce strains in 
the base of the instrument which will tend to change 
the instrument in azimuth while the observations 
are being made. 

trigonometric leveling.-See under leveling. 
tri1ateration.-A method of extending horizontal con- 

trol where the sides of triangles are measured rather 
than the angles as  in triangulation. 

Lrilinear surveying.-See under surveying. 
trivet.-A device for use in place of a tripod in moant- 

ing a transit or level. It is essentially a tripod 
head with three very short legs cast as a single 
piece of metal. 

It is used for placing a transit or level in a posi- 
tion where a regular tripod could not be conveniently 
used, or where greater stability is desired. When 
used for a theodolite, a trivet may include the foot- 
plate with V-shaped grooves cut in suitable arms 
to receive the feet of the leveling screws. 

Tropic of Cancer.-Astronomy. The parallel 01 declina- 
tion passing through the summer solstice. Geogra- 
phy. The geographic parallel whose latitude cor- 
responds to the declination of the summer solstice. 

The obliquity of the ecliptic is steadily changing 
so that the summer soletice is not a point of flxed 
declination. When the Tropic of Cancer is to be 
shown on a terrestrial map, it is desirable that it be 
treated as a line of 5xed latitude, and for this pur- 
pooe it is here proposed that the value 23’27’ north 
latitude be adopted and used. 

While, in popular usage, the term “tropics” is 
sometimes applied to the belt of the earth% surface 
bounded by the Tropic of Cancer and the Tropic of 
Capricorn, in technical language, the term designates 
the lines themselves, the included area being known 
as  the “Torrid Zone.” “Tropics” also has a climatic 
connotation. 

The parallel of de& 
lination passing through the minter soletice. 

~~ Geograpky. z h e  geograpxc parallel whose latitude 
corresponds to the declination of the minter soletice. 

The obliquity of the ecliptic is steadily changing 
so that the minter solstice is not a point of 5xed 
declination. When the Tropic of Capricorn is to be 
shown on a terrestrial map, it is desirable that it 
be treated as a line of 5xed latitude, and for this 
purpose it is here proposed that the value 23’27’ 
south latitude be adopted and used. See supple- 
mentary paragraph under Tropic of Cancer. 

Tropic of Capricorn-Astronomy. 

tropical month.--See under month. 
tropical year.-See under year. 
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Troughton level.-See under leveling imtrument. 
true.*-* comparative term applied to  astronomical 

values to  distinguish them from corresponding mag- 
netic values. 

The terms true bearhg,  t rue meridian, .true north, 
etc., occur frequently in  land survey reports, dis- 
tinguishing those quantities from corresponding m a g  
netic values. In  descriptions of land boundaries, the 
use of t rue has legal signi5cance and, except in rare 
instances, refers to values based directly on astro- 
nomical observations. True should never be used 
to  indicate geodetic values, although in recent work, 

GEODETIC SURVEY 

U 
Unalaska datum.-See under datum. 
unit: absolute.-Any unit in a system tha t  is based 

directly upon associated fundamental units of length, 
mass, and time. 

In  selecting a system of absolute units, the  choice 
of the fundamental units is arbitrary. I n  the metric 
(e. g. 8. )  system of absolute units, the fundamental 
units a re  the centimeter, the gram, and the second. 
I n  the leveling work of the U. S. Coast and Geodetic 
Survey, the metric system is used in defining dynamic 
number. 

unit: astronomiea1.-See under astronomical ultlt. 
unit of length.-A nominal distance in  space fixed by 

de5nition, and independent of temperature, pressure, 
and other physical conditions. See meter: i n t e r n  
tional meter; standard of length. 

where the difference between astronomical and geo- 
detic values is unimportant, the term has been ap- 
plied without distinction to both in order to distin- 
guish them from corresponding magnetic values. 
The use of true to indicate astronomical values 
should be avoided a s  much a s  possible : exact mean- 
ing is conveyed by the terms celestial meridian, 
geodetic meridian, magnetic meridian, etc. 

true bearing.-See under bearing. 
true error.-See under error (general). 
true solar time.-See under time: apparent Solar t h e .  
tnrning point (leveling) .-See under point. 

V 
Valdez datum.-See under datum. 
value (of a quantity).-An arithmetical number which 

de5nes the size of the quantity. 
value: adjusted.-A value of a quantity derived from 

observed data  by some orderly process which elim- 
inates discrepancies arising from errors in those data. 

The process, called a n  adjustment, may be made 
by graphical (mechanical) methods or by analytical 
(arithmetical) methods. An analytical method in- 
volves the determination of discrepancies which exist 
among combinations of observed da ta  ; expressing 
those discrepancies in the form of condition equu- 
tions or observation equations; and solving those 
equations to  obtain corrections to the observed data. 
If the solution is by the method of  least squares, the 
result will be the most probable values tha t  can be 
derived from the given data. If the data used are 
sufeciently extensive, the values obtained by the 
Zeust-squares method will be largely free from acci- 
dental errors of observation. See position: adjusted. 

value: most probable.-That value of a quantity which 
is mathematically determined from a series of ob- 
servations and is more nearly free from the effects 
of blunders and errors than any other value that  
might be derived from the same series of observa- 
tions. 

An adjusted value determined by the method ot 
Zemt squares is a most probable value. 

U. 8. Coast and Geodetic Survey leveling rode.-See un- 
der leveling rod: U. 8. Coast and ffeodetic survey 
rods. 

U. S. Engineer leveling rod.-See under leveling rod: 
U. 8. Engineer precise leveling rod. 

U. 9. Geological Survey level.-See under leveling imtru- 
ment. 

U. 9. Geological Server leveling rods.-See under leveb 
ing rod: U. 8. ffeological Burvey precise leveling rods. 

United States standard datum.-See under datum: 
North American datum. 

universal instrument.-See under alt-azimuth jnutru- 
ment. 

universal level.-See under level: circular level. 
universal time.-See under time. 
upper culmination.-See under culmination 

value: observed-A vdue of a quantity $hat ie obtained 
by instrumental measurement of the quantity. 

The term observed value is often applied to  the 
value of a quantity derived from instrumental meas- 
urement after corrections have been applied for sua- 
tematio errors, but before ucctdental errors have 
been taken out  by some method of adjustment. An 
angle obtained with a repeating theodolite, after cor- 
rection for closure of horizon has been applied, is 
considered a n  observed angle. See value: most prob- 
able value; value: adjusted value. 

d u e :  true.-That value of a quantity which is com- 
pletely free from bZUnder8 and errors. 

Since the errors to which physical measurements 
are subject cannot be known exactly, it follows t h a t  
the  t rue Value of a quantity cannot be known with 
exactness. I n  survey work, the moat probable value 
is used a s  best representing the true value of the  
quantity. 

variation: mametic.-See under magnetic variation. 
variation of latitude.-See under latitude. 
variation of the pole.-A wandering of the poles of fig- 

ure of the earth with respect to its poles of rota- 
tion. 

The direction in space of the poles of rotation 
of the earth is nearly invariable; these a re  the 
points on the celestial sphere reached by the axis 
about which the earth rotates. The axis Of Nure 
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of the earth or axis within the  earth about which 
the moment of inertia is a maximum is not coin- 
cident with its axis of rotatton, and extended to  the 
celestial sphere describes a path thereon about each 
pole of rotatio+a path which is irregular, al- 
though a n  annual periodicity in the motion may be 
detected, and also one of 14 months. The maximum 
variation in direction of the axis of figure from a 
mean position with respect to  the axis of rotation 
ranges between 0.1’’ and 0.3”. Variation of the pole 
affects observed determinations of astronomic let& 
tude, longitude, and azimuth, but account of it is 
taken in $ret-order zaork. only. 

vernal equinox.-See under epuinoa. 
vernier.-An auxiliary scale sliding against and used 

in reading a primary scale. The total length of a 
given number of divisions on a vernier is equal to  
the total length of one more or one less than the  
same number of divisions on the  primary scale. 

The vernier makes it possible to read a principal 
scale (such a s  a divided circle) much closer than 
one division of that  scale. If a space on the vernier 
is shorter than a space on the primary scale, it is a 
direct vernier; If a space on the vernier is the  
longer, it is a retrograde vernier, so-called because 
I ts  numbers run in the opposite direction from those 
on the primary scale. The direct vernier is the 
usual type, and is used in reading the circles on 
an engineer’s transit, and on a repeating theodolfte. 
Two verniers extending and numbered in opposite 
directions from the same initial form a double ver- 
nier, used in reading a circle having graduation8 
numbered in both directions. A single vernier so con- 
structed and numbered that  it may be read in either 
direction is called a folding vernier. 

vernier: contact.-The usual type of vernier, having the 
vernier scale and the graduated circle in physical 
contact. 

vernier : dire&.-See vernw.  
vernier: double.-See vernkr. 
vernier: folding.-See vernier. 
vernier: optical.-A microscope with oernier lines ruled 
on a glass slide placed in the  focal plane common 
to the objective and the eyepiece, where it is com- 
pared with the image of the graduated circle. 

The microscope is so adjusted that  the image of 
the graduated circle falls in the plane of the vemfer 
lines. and the vernier scale subtends the proper 
number of divisions of the graduated circle. The 
optical vernier is superior to the usual vernier (con- 
tact vernier) in t h a t  there are  no paralkrctic errors 
euch a s  are  caused by wear of the  contact edges. Op- 
tical verniers are, however, more liable to  injury and 
to loss of adjustment than a re  contact OSm&T8.  

vernier: retrograde.-See vernier. 
vertex of curve.-See under curve: point o j  intersection. 
vertical.-The direction in which the force of gravity 

acts. - 

It is the dfrectfon indicated by 8 plumb line, and 
does not usually coincide with the direction of the 
normal a t  a point. The term vertical uses the  geold 
as a reference; normal applies to the epherold. See 
zenith and nadir; and deflection of the plumb line. 

vertical angle.-See under angle. 
vertical angulation.-The process of obtaining m e r -  

ences of elevation by means of observed vertical 
angls,  combined with lengths of lines. 

~ 

In geodetic work, trlgonometrlc ZeveUng is used 
with the same meaning. 

vertical axis (theodolite: tranait).-The line throngh the 
center of instrument about which the alidade rotates. 

For a n  instrument in complete adjustment, this 
axis occupies a vertical position, passes through 
the center of the horizontal circle, and is perpen- 
dicular to its plane. 

vertical circle.-Any great oircle of the celestial sphere 
passing through the zenith (and nadir). Also, 
a divided circle mounted on an instrument in such 
a manner tha t  the plane of its graduated sur- 
face can be placed in a vertical pbne. 

As a great circle, a vertical circle is the line of 
intersection of a vertical plane with t h e  celestia2 
sphere. As an instrument, a vertical circle may be 
an auxiliary attachment to  a theodolite or transit, 
or it may be the major feature of a n  instrument 
intended primarily for use in measuring vertical 
angles in astronomical and geodetic work. In geo- 
detic work, such a n  instrument is called a vertical 
circle. 

vertical collimator.-See under collimator. 
vertical comparator (pendulum).-A stand designed for 

the support of a pendulum, a bar of known length, 
and two micrometer microscopes, so placed with ref- 
erence to one another that  the length of the pendu-  
lum can be measured. Such an apparatus was d e  
signed by Repsold. 

vertical coordinate.-See under COOrdinUte8. 
vertical plane.-Any plane passing through a point on 

the  earth and cohtaining the senith (and nadir) of 
that  point. 

Containing the zenith, a vertical plane must also 
contain the nadir. The planes of the celestial merid- 
ian and of the prime vertical are vertical planes. 

vibration (pendulum).-A single movement of a pendu- 
lum in either direction, to or fro. See oscillation 
(pendulum). 

vibration: amplitude of vibration (pendulum) . -See  011- 
der amplitude of vfbfa thn (pendukm). 

vincu1um.-A short horizontal bar placed over the sec- 
onds of a numerically expressed angle o r  direction 
to indicate that  the seconds are used in connection 
with a value of minutes 1 less than is recorded. A 
double vinculum indicates association with a value 
of minutes 2 less than is recorded. 

I n  recording an angle or a direction observed 
with a n  instrument provided with means of making 
several independent readings of the circle, as with 
several verniers or micrometer mfcro8copes, the de- 
grees, minutes, and seconds a re  usually recorded for 
only one vernier or microscope, and only the  seconds 
for the other vernier8 or  microscopes. Where the 
seconds as  read for t h e  B vernier a re  associated with 
minutes less than those recorded for the A vernier, 
this is indicated in the record by placing a vincu- 
lum, or rarely, a double -Vinculum, over the sec-- 
onds reading of the B vernier, thus : 

Vernier reading Bimplifled recording 
0 , ,, D , ,, 

A 90 11 00 90 11 00 

B 270 10 50 50 
A 75 15 00 75 15 00 

B 255 13 55 66 

- 

- - 
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war time.-See under tfme. 
Washington Meridian.-See under merfdfan. 
water leveling.-See under leveling. 
weigh6 (surveying) .-The relative reliability (or worth) 

of a quantity as compared with other values of the 
Bame quantity. 

If one value of a quantity has a weight of 2, and 
another value of the same quantity has a weight of 
1, the first value is worth twice the second value, 
and a mean value would be obtained by taking a 
weighted mean: twice the first value plus once the 
second value, the sum being divided by three. 

weighted mean.-A value obtained by multiplying each 
of a series of values by its assigned weight, and 
dividing the sum of those products by the sum of 
the weights. 

A weighted mean is sometimes called a weighted 
arithmetical mean. If the constituent values are 
all of the same roefght, the weight of each value may 
be considered as unity, and an arithmetical mean 
taken. The present practice in surveying where 
both instruments and methods are standard, is to 
make all observations of the same (unit) weight, 
thereby simplifying the computations involved in 
their reduction and adjustment. 

Werner map projection.-See under map projection. 
westing.-See under departure (p lam? surveyiwg) . 
Wild theodolite.-See under theodolfte. 

X 

wind (spiril level).-See under level. 
winter solstice.-See under solstbe. 
witness comer.-A marked point established on firm 

ground a t  a measured distance and direction from a 
property corner which may be so situated tha t  it 
cannot be permanently marked. 

A witness corner in land surveying corresponds 
to  a reference mark in control 8urveQing. See corner: 
witness corner (United Btates public-land surveys). 

witness comer (United States public-land surveys) .-See 
under corner. 

witness mark-A material mark placed at a known dis- 
tance and direction from a property corner, instru- 
ment or other surveg station, to aid in its recovery 
and identification. 

In surveying, a witness mark is established as an 
aid in the recovery and identification of a survey 
station, or other point to which i t  is a witness. A 
mark which is established with such precision and 
accuracy that  it may be used to restore or take the 
place of the original station is more properly called 
a reference mark in control surveys, and a witn.ess 
corner in land sumeys. 

Woodward base-line measuring apparatus.-See under 
base apparatus: Iced-bar apparatus. 

working pendulmu.-See under pendulum. 
wye (Y) level.-See under leveling instrument. 

x correction.-The correction to  an 5 direction. direction, for which an approximate value is obtained 
x direction.-An observed direction in a triangulatfon by an inverse positlon computation, by the solution 

figure for which an  approximate value is obtained and of the three-point problem, or by other means, and 
treated like an observed direction in the adjustment then using this 5 direction in the adjustment and 
of the figure. obtaining a correction ( a  correction) for it, which 

The work of a least-squares adjustment of a trC makes it consistent with the adjusted values of the 
angulation figure sometimes requires the use of an a observed directions. 

Y 
Y ( w e )  level.-See under leveling Instrument: wye ( Y )  

Yakutat datum.-See under datum. 
yard.-A unit of length equal to 36 Cnches exactly. 
year.-An interval of time based on the revolution of 

the earth in its orbit around the sun with respect 
to (1) the stars, giving the sidereal year; (2) the 
vernal equinon, giving the tropical year; (3) p e d  
helion, giving the anomalistic year. There is also a 
calendar year, a conventional value based on the 
tropical year. 

year: anoma1istic.-The interval of time between two 
successive passages of perihelion by the sun. 

The anomalistic year is equal to 365.25964 mean 
solar days. 

year: calendar.-A conventional year based on the t rog  
baZ year. 

level. 
The calendar year takes account of the fraction of 

a day contained in the tropical year, by assigning 
an additional day to the year at stated periods. The 
calendar years of interest in this country are de- 
fined by the Julian UaZeMar, and the Oregorian 
Calendar. 

year: sidereal.-The interval of time occupied by the 
sun in completing an apparent circuit of the heavens, 
from a given star back to the same star. 

The sidereal year is equal to 365.25636 mean 
solar days. 

year: tropical-The interval of tfme between two s u o  
cessive passages of the vernal equinoa by the sun. 

The tropical year is the year of the seasons, and 
the basis of the conventional calendar year used in 
chronology and civil reckoning. It is equal to 
365.24220 mean solar days. 

Yukon datum.-See under datum. 
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Z 
zenith.-The point where the direction of the plumb 

line produced above the horizon meets the celestfal 
sphere. 

The zenith and nadir are  poles of the  horizon. 
The plumb line is perpendicular to  the surface of 
the geoid, but not (except in rare cases) to the sur- 
face of the spheroid. The angle between the plumb 
line ( the vertical) and the perpendicular to the sur- 
face of the spheroid ( the normal) is the deflection 
of the vertical, also called the deflection o f  the 
plumb line. The terms, geodetic zenith (or nadir) 
and geocentric zenfth (or nadir) are  sometimes used, 
and with meanings different from the above defini- 
tion : their use is not recommended. 

zenith: geocentric.-The point where a line from the 
center of the ear th  through a point on its surface 
meets the celestial sphere. 

This term is sometimes used in  astronomic work, 
but seldom appears in geodetic work. It should be 
used only in its entirety, the single word, zenith, 
being reserved to designate the point determined by 
the direction of the plumb line. 

senith: geodetic.-The point where the  normal ( to  the 
Spheroid) extended upward, meets the celestial 
Sphere. 

This term has some use in geodetic work, but 
should be used only in  its entirety. The single word, 
zenith, is reserved to designate the point determined 
by the direction of the plumb line. 

zenith camera.-An instrument for the determination 
of a n  astronomic position by taking a photograph 
of the sky immediately surrounding the zenith. 

The instrument consists of a camera designed to 
photograph a small section of the sky. The optical 
axis may be set very precisely in the vertical so tha t  
the photograph is symmetrical with respect to the 
observer's zenith. The time of each observation is 
recorded on the photograph, thus furnishing the in- 
formation required to  compute the astronomic lati- 
tude and longitude. 

zenith distance.-The vertical angle between the zenith 
and the object which is observed or  defined. See 
zenith distance: double. 

Zenith distance is the complement of the altitude. 
zenith distance: double.-A value of twice the zenith 

distance Of a n  object, obtained by observation and 
not by mathematical process. 

I n  trigonometric leveling and in astronomical 
work, double zenith distances are  observed because 
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they a re  nearly free from effects of inclination of 
the VertiCaZ axis of the instrument used. 

eenith sector.-See under sector. 
zenith telescope.-A portable instrument adapted for 

the measurement of small differences of zenfth 
distance, and used in the determination Of astro- 
nomic latitude. 

This instrument consists of a telescope equipped 
with a n  ocular micrometer and a spirit level, and 
so mounted on a vertical axis that  it may be placed 
in the plane of the meridian for observation on a 
s ta r  culminating north (or south) of the zenith, 
and then rotated 180" in azimuth and a second 
s ta r  observed a s  it culminates south (or north) of 
the zenith. The difference of the zenith distances 
of the two s tars  is measured with the mdcrometer; 
the spirit level is used to determine any change tha t  
may occur in  the direction of the axis of rotation 
of the  telescope between the two observations. In 
i t s  present form, this instrument is essentially the 
invention ( in  1834) of Captain Andrew Talcott of 
the U. S. Engineers. It was adopted by the U. S. 
Coast and Geodetic Survey for latitude determina- 
tions and given some improvemehts. See zenith- 
telescope method, latitude determinations. 

zenith-telescope method, latitude determination.-A pre- 
cise method of determining astronomic latitude by 
measuring the difference of the meridional zenith 
distances of two stars of known declination, one 
north and the other south of the zenith. 

The observations are  made with a zenith tele- 
scope, or  with a n  astronomical transit which can 
be converted to serve as a aenith telescope, such 
as the  meridian telescope and the  brOkefl-teleSCOpe 
transit. The two stars have approximately the same 
meridional zenith distances, and their culminations 
occur within a few minutes of the same time. The 
astronomic latitude of the point of observation wffl 
be onehalf the sum of the declinations of the two 
stars, plus or minus ohe-half the difference of their  
zenith distances. This method is also known as 
the Horrebow-Talcott method, latitude determina- 
tion, and the Talcott method, latitude determina- 
tion. While Peter Horrebow (not Harrebow) pub- 
lished a n  account of his method in 1732, it waa 
buried in obscurity, and there is good reason to  
believe that  Captaih Andrew Talcott had no knowl- 
edge of Horrebow's work when he announced his 
own discovery of the method in 1834. 
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