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THESIS



PREFACE

This'thesis is a problem selected by us
for the purpose of furthering our knowledge of
Precise Leveling and Precise Leveling Methods.

The bench marks are of our own design and
were built and placed by us previous to running
the levels,

We have attempted to conform strictly to
the method used by the U, S, Coast and Geodetic
Survey both in our observations in the field,
and in our computations and adjustment of the

level net,
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PRECISE LEVELING

Precise spirit leveling is the means by which elev=-
ations, above mean sea level, of points on the earth's
surface are determined with great precision, Its primary
purpose is to furnish an accurate control for the elev-
ations in a region, Precise leveling differs from ordinary
leveling in the refinements introduced into the construct-
ion of the instruments and into the method used., All pos-
sible sources of error have been eliminated or redused to a
minimum by the careful design and selection of the mater-
ials for the instruments and rods, and by the precautions
taken in the method of observation,

The elevations are referred to the mean sea level as
a datum, This datum is obtained from a series of long-term
gaugings which are carried on by means of automatic record-
ing tide gauges., In the work of the U, S. COAST AND GEODETIC
SuRVEY the elevation of mean sea level is taken the same
for the Atlantic and Paciflc Oceans and the Gulf of Mexico.

In the United States and its Possessions, the greater
part of the precise leveling has been done by the U, S.
COAST AND GEODZETIC SURVEY and the U, S, GEOLOGICAL SURVEY,
Lines of precise levels have been run and bench marks est-
ablished along these lines covering all the United States,
Panama and Alaska., The elevations and descriptions of these
bench marks may be found in the published reports of the
Superintendent of the COAST AND GEODETIC SURVEY.



THE BENCH MARKS.

Inasmuch as it was desired that these bench marks be
of a permanent nature, the following design was decided upon,
The monument was to be of concrete, 6"x 6"x 4'-6", This
length placed the base of the monument well below the frost
depth found in this part of the country, Into the top of
this was set a brass plate (for details, see Plate 1. fig.
a.) which was securely riveted to a piece of 3" water pipe
extending lengthwise through the monument, Besides holding
the cap in place, this pipe also acted as a reinforcement
for the monument, preventing damaging cracks. A pattern was
made for this brass cap, and the czp cast in the college
foundry. The heads were later machined, and stamped as
shown in Plate 1, fig.a. Fig. b. of Plate 1, shows the as-
sembly of the monument,

In placing these monuments, wet concrete was placed
in the bottom of each hole and the monument set in this,
This gave a wide firm base preventing any possible heav=-
ing of the monuments due to the upward pressure of frost
action, Some of the monuments wrre placed with the top
flush with the surface of the ground, while others were
left slightly projecting. The photographs on the following
page show both the completed monuments out of the ground,

and the same after being set.
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THE INSTRUMENT.
THE U, S. COAST AND GEODETIC SURVEY
PRECISE LEVEL,

Commencing with the summer of 1900, a new type of pre-
cise level was put into use in the U, S, COAST AND GEODETIC
SURVEY and a method of observation was adopted which has
since then remained unchanged except in unimportant details.,
The justification for the adoption of the new instrument
and method was later evidenced by the greatly increased ac-
curacy, rapidity and cheapness of precise leveling since its
introduction,

The present COAST SURVEY LEVEL is the result of a series
of exhaustive tests and careful study in the attempt to de-
sign an instrument of great precision, with ease of operation
and durability of construction,

The instrument developed is of the dumpy type with a
three screw base, The distance between the level tube and
the line of collimation is reduced to a minimum by placing
the level tube in an opening cut in the telescope. This
practically eliminates the effect of temperature changes
on the parallelism of the axis of the bubble tube and the
line of collimation, The telescope and the inserted bubble
tube are placed within a tube-shaped support at one end of
which are two pivot screws which support the telescope and
provide a horizontal axis about which it can be rotated a

gmall amount. This vertical motion is for the purpose of












making the line of collimation horizontal and is controll-
ed by a micrometer screw mounted at the other end of the
tubular support. The tubular support gives a strong and
light form of support and also serves as a protection for
the level mounted in it,

The binocular level-reading device is a decided im-
provement over the old striding level type in that it en-
ables the observer to stand erect and observe the level
bubble with one eye and the rod with the other, The level-
reading device consists of a pair of prisms mounted in a
tube at the left side of the telescope, The distance between
the two prisms can be varied by means of an adjusting screw
80 that both ends of the level bubble can be made visivle
to the observer, A small mirror is mounted on the tubular
support, directly over the level vial and at such an angle
that the image of the level bubble is reflected into the
tube at the side of the telescope and thence through the
prisms to the eye of the observer,

The telescope, the draw-tube, the tube incasing the
level vial, the reticle and the tubular support are made of
a nickel-cast iron alloy which has a coefficient of expan-
sion of .000004 per degree centigrade,

The pointed screws pivoting the telescope, the screws
holding the level tube in place, the screws holding and
adjusting the reticle ring and the fine motion micrometer
screw upon all of which is dependent the constancy of the

relation between the line of sight and the plane tangent



to the middle point of the level vial and which requires
a harder metal than castings are made of a nickel-steel
alloy with a coefficient of expansion of ,000001 per
degree centigrade,

The base of the instrument is of the three screw type
and cast in a single piece of a hard, fine-grained cast-
iron., In the legs at a radial distance of 9 cm. are thread-
ed tne foot screws, The ends of the legs are split and pro-
vided with milled-head screws for clamping the foot screws
in place, The center of the base has an unusually long
conical bore which affords a good bearing for the center
which is made of the finest and hardest grade of tool steel,
It is secured against being withdrawn by a small nut on the
lower end and by screwing and riveting a hard cast-iron
disc which forms a base for the supporting cylinder on the
upper end,

The supporting cylinder is a nickel-iron casting which
has two lugs at the front end for the screws which form
the horizontal axis of the telescope and the nut in the
rear which carries the fine-motion micrometer screw, At
the top-center of the supporting cylinder is a rectangular
opening fitted with a glass slide to protect it from dust
and air currents. The level tube is readily accessible for
adjustment through this opening by unclamping a hinged
locking device and sliding the cover back,

The telescope tubes are made of nickel-iron castings

bored and turned., The draw-tube is enlarged at the outer






end to carry the nickel-iron reticle ring which is held
in place by four nickel-steel screws, The reticle ring
carries one vertical and three horizontal spider threads,
The upper and lower threads are equidistant from the
center and intercept a space of 30 c¢cm., at a distance of
100 meters., The objective lens is mounted in a nickel-
iron shell, has a focal length of 41 cm. and a magnify-
ing power of from 32--43 diameters, The draw tube is
moved into focus by means of a rack and pinion,

The level vial is of the chambered type and has a
division value of about 2" of arc. The rear end of the
level tube is provided with a vertical adjustable motion
for the purpose of keeping the level parallel to the line
of collimation. This is the only adjustment that is re-
quired of the observer in the field,

The telescope, the supporting cylinder and the level
tube are covered with a heavy coating of cloth dust of a
bluish-gray color, giving a finish which has the appear-
ance of a cloth of fine quality and also affords con-
siderable protection against sudden and temporary changes
of temperature,

The weight of the instrument alone is 5.2 kg. and
with the tripod 12.4 kg.

The three main points in regard to the instrument are:
l.,~ The instrument is irreversible and as simple as poss-

ijble, The telescope is supported directly on trunnions bet-



ween the objective and the middle of the telescope and on
the point of a micrometer screw near the eye end, The level
vial is fixed relatively to the telescope except for the
small range provided for adjustment,

2.~ The device for reading the position of the bubble
enables the observer to stand erect and to see the bubble
and rod alternately by merely shifting the attention from
one to the other,

S3e= The design and materials used in the instrument great-
ly reduces errors in observation due to changes in the rel-

ative temperature of different parts of the instrument,



THE ADJUSTWENT OF THE COAST SURVEY LEVEL.

This is the only adjustment that is required of the
observer in the field and consists of making the axis of
the bubble tube parallel to the line of collimation. While
this instrument is a dumpy level in which both the bubble
tube and the line of collimation are usually adjusted, it
i8 necessary to adjust only its bubble tube as the maker
adjusts the line of collimation, and it is not disturbed,
the adjusting screws are not accessible to the user of the
instrument, The adjustment to make the axis of the bubble
tube parallel to the line of collimation is done by the
peg method and in accordance with section 21 of the gen-

eral instructions, Fig. 2. shows the method followed,
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Let the distance (b) be 1/10 of the distance between

the turning points, The readings Ry and Ro are the near



rod readings and R, and RA are the far rod readings, ILet
(e) be the error in the rod reading for the distance (v)
and (f) be the error in the rod reading for the distance
(a). Then

Ryj-e-Ro-f =z Rg~-f-R3z-e

e = f

1

9

R1-Rz-(Ro-R4) w = 16 f
9

f=z- %g (R1~Rz-(Ro-Ry4))

In testing and adjusting the instrument, the readings
Ry and Ry are taken from the instrument set up at I in ac-
cordance with the conditions of Fig. 2, Then the instru-
ment is set up at I, and the readings Rg and R; are taken,
From all these readings (f) is determined., The rod reading
R4 is then changed by the amount (f), adding when the line
of sight is below the horizontal and subtracting when the
line of sight is above the horizonyal, To the amount thus
obtained the correction for curvature and refraction in the
distance (a) is added, The target on the rod is set at this
computed reading and the rod is then held on T.P.l. The
middle thread of the instrument is made to coincide with the
target by means of the leveling screws and the bubble is
then brought to the middle of the tube by means of the adj.

usting screws, The line of collimation is then horizontal



as shown by Fig. 2, and the bubble being in the middle
of its tube the axis of the bubble is horizontal and hence
the line of collimation and the axis of the bubble tube
are parallel,

In the work of the COAST AND GEODZTIC SURVEY the
error is found from

¢ s Sum of near rod readings - Sum of far rod readings
Sum of far intervals - Sum of near intervals

By Fig. 2, this gives

/6
c R, +R3~( Rt Rgz) _ 37T __F
2aq - 26. 76 a

S

That is, ¢ is the ratio of the error to the distance
which gives the error,

If ¢ is not greater than ,01 it is not necessary to
adjust the instrument,

It is necessary to determine the (reversing point)
reading of the micrometer which makes the axis of the
bubble tube perpendicular to the vertical axis of the ins-
trument, because it is required that the micrometer shall
not be moved more than one turn to bring the bubble to the
middle of its tube, If a greater movement of the micrometer
is necessary, the instrument is releveled by the leveling
screws, To determine this reading the micrometer is set
approximately at 0 and the instrument is leveled in each
of two positions at right angles to each other, Then the
instrument is revolved 180° about the vertical axis from

one of these positions, and if the bubble remains in the



middle of the tube, the reading of the micrometer is the
one desired, If the bubble does not remain in the middle
of the tube, the bubble is brought half-way back by the
micrometer and the reading of the micrometer is then the

one desired, This reading can be checked by another trial,



THE PRECISE LEVELING RODS.

The self-reading rod has been used exclusively in
precise leveling for the past thirty years, These rods
are non-extensible and in section are -~ shaped, They are
made of high gradé white pine and treated with paraffin to
make them impervious to moisture, The rod is 3.2 meters in
length and graduated in meters, decimeters and centimeters
The meter graduations are marked with silver plugs, Due
to the fact that the instrument has an inverting telescope
the figures on the rod are upside down so that they may be
seen erect when observed through the telescope. There is
also attached to the rod a thermometer for reading the rod
temperature and a level for plumbing the rod, The base of
the rod is fitted with a brass shoe, the end of which is
cylindrical in form and rounded on the very bottom to fit
into the top of the foot plate or foot pin, The foot pin
is used almost exclusively at the present time, The fol-

lowing are some of the pictures taken of the rid used,






THE METHOD.

The following instructions are taken from Special
Publication No. 18 of the COAST AND GEODETIC SURVEY and
comprise the method of precise leveling that is carried

on at the present time,
GENERAL INSTRUCTICNS FOR PRECISE LEVELING

1. Except when specific instructions are given to
proceed otherwise, all lines are to be leveled independ-
ently in both the forward and backward directions.

2. The distance between successive permanent bench
marks shall nowhere exceed 15 kilometers, There shall be
no portion of the line 100 kilometers long in which there
are not at least 20 permanent bench marks, No permanent
bench mark is to be counted in considering these limits
unless it is adequately described, nor shall both of two
bench marks be counted if they are placed so near to one
another and in such manner of expoéure as to be likely to
be destriyed at the same time, The above-stated limits
are to be regarded as extreme lower limits, It is desired
that the number of bench marks shall, in general, greatly
exceed that just necessary to keep within the limits, It
is desired, also, that the bench marks in each general
locality shall belong, in part, to each of several classes
such as bolts or other marks on buildings, squares cut or
bolts or discs set in rzilroad masonry, such as bridge piers,

water tanks, etc., stone posts, and iron-pipe bench marks.






3« The line of levels is to be broken by temporary
bench marks into sections from 1 to 2 kilometers long,
except where special conditions make shorter sections
advisable,

4, Temporary bench marks should be established in
places where they will be free from disturbance by the
track hands working along the road or by materials un-
loaded from cars., This is especially important when the
temporary bench mark is éxpected to hold the line for
any considerable time,

5. At each city along the line, the leveling should
be connected with at least two stable bench marks which
are connected with the city datum, Connections should also
be made with all stable bench marks of other organizations
which may be found along the route,

6. In general, the top of rail of the railroad track should
be used as the rod support. However, footpins should be
carried along during the progress of the work and they
should be used whenever a train is known to be approaching
or when there are special reasons for supposing the rail
not to be in sufficiently stable condition,

7. When elevztions and descriptions of bench marks est-
ablished by a railroad (over which a line is to be run) are
furnished to this office with a request by the officials
of the road to have the precise leveling done by this sur-
vey connected with them, as many of the railroad bench marks

will be incorporated in our line of levels as can be done



/9.

without greatly delaying its progress. The railrcad
bench marks which are of permanent nature are to be treat-
ed in the same manner as new permanent bench marks est-
ablished by the precise leveling party. If the permanent
bench marks of the railroad are chiefly of the same gen-
eral type, they must not be given full weight in deciding
whether there are enough bench marks in any section of the
line, (See paragraph 2.) Bench marks of the railroad which
are not of permanent character may be determined by extra
foresights, as in the manner provided for determining the
height of rail in front of a railroad station (See para-
graph 10)., It will not be necessary to connect the precise
leveling with the railroad bench marks which are in places
not easily accessible, It will not be necessary to connect
with each railroad bench mark where they are less than one
kilometer apart, The benifits derived from connecting a
line of precise leveling with railroad bench marks are (a)
that time is gained by having some permanent bench marks
already established; (b) the elevations of the railroad
bench marks resulting from the connection with precise level-
ing are of great value to the railroad concerned; and, (¢)
as the work progresses, a check is obtained on gross mistakes
which might escape notice, by comparing the elevations fur-
nished by the railroad with those by the precise leveling
party.

8, All old bench marks are to be called by their old

names or numbers and are to be described fully by quoting



20.

The old description, if one is available, and by making
additions or corrections to it.

9, All new bench marks are to be designated by cap-
ital leters with numerical subscripts after the alphabet
has been exhausted in each state,

10, The elevation of the top of the railroad rail in
front of each railroad station along the line of levels
is to be determined with a check, This may be done by us-
ing the point on the rail as a rod support in either the
forward or backward running of the line, or by taking extra
foresight to it on both the backward and forward runnings
or by taking extra foresights to it from two instrument
stations near it in one of the runnings of the line,

1ll, When it is desirable to get the elevations by means
of which to compare the line of levels with the profile of
the railroad, such elevations may be gotten by single read-
ings on the rod held on top of the rail opposite water tanks,
and over bridges and culverts, Such structures are usually
shown on the railroad profiles,

12, It is desirable that the backward measurement on
each sectioh should be made under different atmospheric
conditions from those which cccur on the forward measure-
ment, It is especially desirable to make the backward
measurement in the afternoon if the forward measurement
was made in the forenoon, and vice versa, The observer
is to secure as much difference of conditions between the

forward and backward measurements as is possible without



materially delaying the work for that purpose.

13, ©Cn all sections upon which the forward and back-
ward measures differ in millimeters by more than 4 /f?f-

(in which K is the distance in kilometers leveled between
adjacent bench marks) both the forward and backward measu-
res are to be repeated until the difference between two
such measures falls within the 1limit. No one of the quest-
ioned measures is to be used with a new measure in order

to get this agreement,

14, If any measure over a section gives a result differ-
ing by more than 6 millimeters from the mean of all the
measures over that section, this measure shall be rejected.
Ro rejection shall be made on account of a residual smaller
than 6 millimeters unless there is some other good reason
for suspecting an error in this particular measure, and in
such cases the reason for rejection must be fully stated in
the record.

15, Whenever a mistake, such as reading the wrong deci-
meter or meter, or an interchange of sights (the back-
sight being recorded as a foresight), is discovered in any
measure after its completion and the necessary correction
applied, such measure may be retained provided there are
at least two other measures over the same section which are
not subject to any such uncertainty., DProvided, further,
that when it is found that the mistake was made on the last
instrument station of the second running of a section and it

is corrected on the same day and before beginning work on



an adjacent section, such measure may be retained and no
further measures of the seccion are to be required on ac-
count of the mistake,

16. The program of observation at each station is to be
as follows: Set up and level the instrument, Read the
three lines of the diaphragm as seen projected against the
front (or rear) rod, each reading being taken to the near-
eat millimeter (estimated), and the bubble being held con-
tinuously in the mifdle of the tube (i.e., both ends read-
ing the same). As soon as possible thereafter read the
three lines of the diaphragm as seen projected against the
rear (or front) rod, estimating to millimeters as before,
and holding the bubble continuously in the middle of the
tube,

17, At each rod station the thermometer in the rod is
to be read to the nearest degree centigrade and the temp-
erature recorded,

18, At stations of odd numbers the backsight is to be
taken before the foresight, and at even stations the fore-
sight is to be taken before the backsight. As the same
rod is held on a rod station for both the fore- and back-
sights, the effect of this is that the same rod is read
first at each set-up, it being the rod used for the back-
g8ight at the first instrument station,

19, The difference in length between a foresight and the
corresponding backsight must not exceed 10 meters, The

difference is to be made as small on each pair of sights



a8 is feasible by the use of good judement without any ex-
venditure of time for this particular purpose.

20, The recorder shall keep a record of the rod inter-
vals subtended by the extreme lines of the disphraem on
each backsight, together with their continuous sum between
each two contiguous bench marks (temporary or permanent).

A similar record shall be kept aor the foresights. The
two continuous sums shall be kept as nearlv equal as is
feasible without the expenfiture of extra time for that
purpose, by setting the instrument bevond (or short of)
the middle point between the back and front rods. The two
continuous sums for a section shall not be allowed to
differ by more than a quantity corresponding to a distance
of 20 meters.

21l. Once during each day of observation the error of
the level should be determined in the regular course of
the leveling and recorded in a separate opening of the
record book as follows: The ordinary observations at an
instrument station being completed, transcribe the last for-
sight reading as part of the error determination, call up
the back rod and have it placed about ten meters back from
the instrument, read the rod, move the instrument to a pos-
ition about ten meters behind the front rod, read the front
rod and then the back rod. (The two instrument stations are
between the two rod points,) The rod readings must be tak-
en with the bubble in the middle of its tube, The required
constant C to be determined, namely, the ratio of the er-

quired correction to any rod reading to the corresponding






subtended interval. is

C = Sum of near rod readings-Sum of distant rod readings
Sum of distant intervals-Sum of near intervals

The total correction for curvature and refraction must
be applied to the sum of the distant rod readings before
using it in this formula. The level should not be adj-
usted if C is less than 0,005, If C is between 0,005
and 0.010 the observer is advised not to adjust the
level, but if C exceeds 0,010 the adjustment must be
made, If a new adjustment of the level is made, C should
at once be redetermined., It is desirable to have the de-
termination of level error made under the usual conditions
as to length of sight, character of ground. elevation of
line of sight above ground, etc. The adjustment of the in-
strument to reduce C must be made by moving the level vial
not by moving the reticle,

22, Notes for future use in studying leveling errors
shall be inserted in the record, indicating the time of
beginning and ending the work af each section, the weather
conditions, especially as to cloudiness and wind, and
whether each section of the line is run toward or away
from the sun. Such other notes should be made as promise
to be of value in studying errors.

23, The instrument shall be shaded from the direct ravs
of the sun, both during the observatuon and when moving
from station to station.

24, The maximum length of sight shall be 150 meters,



and the maximum is to be attained under the most favor-
able condutions,

25, At the beginning and end of the season, and at least
twice each month during the progress of the leveling; the
S-meter interval between metallic plugs on the face of each
level rod shall be measures carefully with a steel tape which
shall be kept continuously with the party during the sea-
son for that purpose only. The temperatures shown by the
thermometer inserted in the rod ahd by the thermometer at-
tached to the tape at the time of each of these measures
must be recorded, The purpose of these measures is to det-
ect changes in the length of the rods and not to determine
the absolute lengths., The absolute lengths are determined
at the office between field seasons,

26. The tave furnished bv the office for measurement of
the rods os a piece of steel tave about 3.1 meters long,
having near one end a fine line graduation and about three
meters from it (at the other end of the tape) a series of
fine millimeter sraduations on a steel rule riveted to the
tape. With this special form of tape the measurement of
a rod should be made somewhat as follows: The rod should
be supported at about the 0.85 meter and 2.45 meter vpoints
only (approximately auarter vointa) to get the least bend-
ing of the rod for any two-supvort svstem. In making the
measurement the single line should be made to coincide with
the fine line on the silver plug nearest the bottom of the

rod and the reading should be made at the line on the sil=-






26.

ver plug at the too of the rods It is vpossible to estimate
the half-tenths nf millimeters on the rule which is attached
to the tave. The tavne shonld be placed on the face of the
rod in such a way that the edge of the tave from which the
rule does not vroiect, coincides with the edge of the face
of the rod nearest the meter marks of the rod. Care must
be taken that the two edges coincide closely in order that
the tape may alwavs assume exactly the same vosition. The
end of the rod at the foot of the rod should be clamped
firmly to the rod after the line on the tave and that on
the plug have been made to coincide. The tape should then
be smoothed down bv hand to make it lie verfectlv flat

on the face of the red, With the hand lifted and, conseqg-
uently, no tension on the tape, the reading should be made
from the rule attavhed to the tape near the uvver or top
end of the rod.

27, The field computations and abstracts are to br kept
np as the work progresses. As soon as each book of the
roiginal record is out of use it is to be sent to the of-
fice by registered mail. The corresponding abstracts must
be retained until an acknowledgment of the receipt of the
original record at the onffice has been received.

28. No duplicates of the original records are to be
made except of the descriptions of bench marks. cf which
duplicates in the form of carbon copies are to be made.

At least =nce during each month such carbon copies have

accumulated are to be sent to the inspector of Geodetic



272.

worke.

29, At least once each month, during the progress of
the leveling, a test must be made of the adjustment of the
rod levels, and a statement should be inserted in the re=-
cord showing the manner in which the test was made, whether
the error was found to be outside the 1imit stated below ,
and whether an adjustment was made, With the bubble of the
level rod held at the center. the deviation from the vert-
ical of the plane intersecting the center of the face of
the rod throughout its length and normal to the face of the
rod. must be determined, The deviation from the vertical
of the plane coinciding with the face of the rod. must also
be determined. If the deviation from the vertical exceeds
10 millimeters on a 3-meter length of rod. the rod level
must be adjusted,

30. On the left-hand page of the record the number of
each instrument station at which the instrument is not
set up in the railroad track is to be included in parenth-
eses. Similarly. on the right-hand page of the record. the
desimmating letter for the foresight rod (V,W,etc.) shall
be inclosed in parentheses. if said rod is not supvorted
on the railroad rail. If the length of any portion of the
level line run off the railroad is 25 meters or more greater
than the railroad distance between the points of devart-
ure from and return to the railroad. then the distance along
the track between these two points must be shown in the re-

cord. The purpose of these requirements os to furnish the






28.

office a means of detecting blunders in the leveling, by
pPlotting the level line on the profile of the railroad,

3l. When it is expected that the forward and backward
runnings of the line are to be completed up to any one
place, the elevation at that place should be held by two
points, established at least one set-up of the instrument
apart, When the leveling is continued from or to such a
pair of points, the instrument should be set up between
them and readings of the rod taken on each poinr. The
same arrangement of points should be used at the completed
end or ends of any detached portion of the line of levels.,
Either one of the two points may be used for carrying along
the elevation, with the other used only as a check against
mistakes in reading the rod, or a disturbance of one or both
of them. The records should show clearly which one of the
two points was used to carry the elevation, and it is bel-
jeved that it is good policy to use the same point (back-
ward or forward) in each case as far as may be practicable.
It is believed that, by employing this method, no mistake
of a meter or decimeter made in reading the rod, held on
a bench mark, will escape detection,

v 32, As far as possible, all the permanrnt bench marks
should be in the main line of levels and not on spur or
branch lines. One of the exceptions to this rule is where
the line runs several miles off the railroad to the mark
of a triangulation station, In such a case the spur, or

branch line, is the more economical way of doing the work
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and will be satisfactory. Whenever a permanent bench mark
is established by means of a smir or branch line, which has
only one set-up, the forward and backward lines, of the spur
or branch should be run at different time of the dav or

on different days, if practicable, If it should be necess-
ary to have the two runnings made one immediatelv after the
other, the height of the instrument should be materially
changed to make the second measure, This would help to
prevent any mistake in the leveling,

33, Except in rare cases, the permenent bench marks should
be established before or during the first running of the
linr, It is believed to be inadvisable to delay the tving
in of the permenent bench marks until after the line has
‘been run, even in only one direction, When it is impract=-
icable to establish a permanent bench mark before or dyring
the first measurement of the line, an accepntable manner of
tving in the permanent bench mark or including it in the
main line of levels is to establish a temporary bench mark
on each side of the proposed location of the permanent bench
mark and to leave the distance between them unleveled un-
til the permanent bench mark has been set. The arrengenent
of the temporary bench marks established for this purpose
should be similar to that described in the latter part of
paragraph 31 of these instructions. This would provide fro
two points. the difference in elevation between which are
known. on each side of the permanent bench mark and the

distance between the two pairs of points makes a section
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in the main line of levels. A diagram showing the arrang-
ement of the stakes and the permanent bench mark is shown

below:

LRI EEE T CEREIEEEES CLET:EEEEY CEEEHIEETES T TP

The positions of the instrument are shown by X, the
positions of the temporary bench marks by 0, and the pos-
ition of the permanent bench mark by B.

34, Chiefs of partv should keep the length of sight
great enough to make it necessary to do a moderste amount
of rerunning. If an observer is extremely cautious and
confines all his observations to sights sufficiently short
to insure easy reading of the rod, it is possible to work
monrh after month with almost no rerunning., but the pro-
gress will be slow. On the other hand, it is certain that
an attempt to take sights of the limiting length, 150 met-
ers, at all times would lead to a very large amount of re-
running and the progress would not be rapid. It is believed
that the maximum speed consistent with the required degree
of accuracy will be secured by continually keeping the len-
gth of sight such that the amount of rerunning eill be from
5 to‘15 per cent, An extremely small percentage of rerun=-
ning would indicate an excess of caution on the part nf the
observer. The occurrence of a moderate amount of rerunning
is due largely to an attempt on the part of the observer
to obtain maximum progress consistent with the required de-

gree of accuracy and not to inability to secure such obser-



vations that little or no rerunning would be necessary.
Observers have found a convenient rule in fixing the len-
gth of sight to be to shorten the sights whenever the
upper and lower thread intervals subtend on the rod are
found to differ frequentlv by more than a selected limit,
Each observer should fix the limit from his own exper-
ience by noting the relation between such a provisional
limit and the amount of rerunning found to be necessary
while using it. Such a rule is based upon the idea that
the additional errors which are encountered when the len-
gth of sight is increased are, in the main, those due to
the increasing accidental errors in the reading the rods.

35. It is not thought advisable to state definitly in
these instructions the allowable limit on the rate of di-
vergence between the forward and backward lines. but this
gshould be kept small,

36, The record and the preliminary or field computat-
jons of precise levels must conform to the examples fol-
lowing, except that in the computation in the field, the
five corrections for curvature and refraction., level.
index, length of rod, and temperature are not to be applied,

37. Should the experience of the chief of partv indicate
to him that a change or changes in these instructions would
facilitate the work in the field, he is urged to communic-
ate with this office regarding such changes.

When cases arise which are not provided for by these gen-
eral instructions or by specific instructions, the shief of

party will use his own judgment in the matter,
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DESCRIPTIONS OF BENCH MARKS.

B.M.-F.L.B.
A square ut in the concrete on the N,E, corner of a '
Manhole in the East wing of the South abutment of the Farm {{

‘ i

Lane Bridge., jv°

BoMo"‘An °
A concrete monument at the S,W, corner of Pinetum.
4,2' N, and 2,5' W, of fence corner, 25.,8' E, of center

line of Haggerdorn Road,

L) '
B.MQ B [ ] ‘/MJ
A concrete monument at the intersection of Haggerdorn
Road and the Grand Trunk Railroad, On the North side of
tracks, 3.,5' E, and 2,0' N, of fence eor. and 19,9' W, of

center line of Haggerdorn Road,

B.M,=-"C",

A concrete monument at the intersection of Mount Hope
Rd, and Haggerdorn Rd, 24,5' N, of center line of Mount
Hope Rd, and 21,5' W, of center line of Haggerdorn Rd,
85,7' s.E., of S,.E, cor, of red-brick farm house,

B.MQ-'D“ )
A concrete monument on the South side of Mount Hope
Rd. one-half mile West of the intersection of Haggerdorn

and Mt, Hope Rds, 29,4' S, of center line of Mt, Hope Rd.



and 29,4' W, of center line of side road, 2.6' N. of

concrete cor., post of fence line,

B.M.=-"E",

A concrete monument, one-ha;f mile South of B.M,
“E*, 52,6' W, and 4,0' S, of concrete cor, post of
fence lines, 44,0' W, and 2,0' S, of 24" Elm in the

N.W. corner of the intersection,

B.M.-"F",

A concrete monument at the Town Line on the East
and West road, one-half mile South of Mt. Hope Rd,
19,5' N, and 40,0' E, of Quarter Corner, 40,0' E, and

3,0' S, of fence corner,

B.M,-"G",

A concrete monument, one-half mile South of the
intersection of Mt, Hope Rd, and Harrison Rd, 14,0' N,
and 5.,4' W, of the N.E, fence corner, 22,0' E, of the
center line of Harrison Rd. and 37,8' N, of center line

of the cross orad,

B,M,=-"H",

A concrete monument at the N.W, corner of School Lot
at the intersection of Harrison Rd, and Mt, Hope R4, 30,0°
E. of center line of Harrison Rd., and 1.,4' S, of North Bou-

ndary of School Lot,
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B.M.=-"1 .

A concrete monument on the East side of Harrison
Rd, about mid-way between the Grand Trunk Tracks and
the P,M, tracks, 21,5' E, of center line of Harrison

Rdey 21,5' N,W, of 30" Maple and 10.,2' S, of 12" Maple,

B.M,="J",

A concrete monument, one mile North of intersection
of Mt, Hope Rd, and Harrison Rd, Across the road from
the Michigan State Police Barracks. 45,0' S, and 3.,7' W,

of fence corner, 29,0' E, of center line of Harrison Rd,

B.M.-.D.H“ °
A square cut in the concrete coping on the N.w. cor.

of the East wing of the Front Steps of Demonstration Hall.

SS.



COMPUTATIONS.

The corrections used in these computations were taken
from tables given in pages 27 and 28 of the U, S. Coast and
Geodetic Survey, Special Publication No., 18 entitled "The
Fourth General Adjustment of the Precise Level Net in the
United States and the Resulting Standard Elevations",

The level error was obtained by multiplving the dif-
ference in the continuous sums (B-F) by the level constant
(C)e The former quantity is given in column 6 of the left-
hand page of the computation sheet and the correction is
placed in column 2 of the right-hand page. The sigmn of the

correction is fixed bv the signs of the above two quantities.

S6.



Sample Determination of (C).

e e et
v S
0z e
878
z'8 /8 g/8 |8 890§
g0t | CL R R el
oLIOE 906 o0'0/0
s ) 8¢ 119.\\0“\ IQIWI“ 0'z2zZ]
o 8zs/ 2¢# //70Z
£z o'tos! gos/ £ZZ 0'88L/ 88&8L/
£z 8L#/ £2Z7 £957 Z
H | o9 | 28yl | >w Ly gs £es/
D A oEZ (02227 222/ e/ 04151 #1857
[r 0eZ Z660 e/ L6 4/ /
SN2 H L] | PA34UT ..hm < 4 SToNABIHT [V, ..m
S parM PAEM NPl D fung
/. ‘o4 o y 2L sze/ (o7 Aoy




38

Sample Pace of Field Notes.

\ | | /
op6/ S £l
o'b6iS| z8ss//€ PSLLL %zgc gZ] £
8LE/| slz 9860 c6c/| zog | ] 16/
= | Lgy L8880 680 ost €097 19,7
= = gel J/L0 oz zs7 609/ b4
PR, WS, il | .
| 8017 Z#g | | 98¢s g60/| 9 | 60L/
‘ Pl | £T%7| 227 08) L8zs/ ezs/
27 6&£0/ 6/ /87 grc/ c
e ' 9.°L | s8p ZZEr]. Zel | /¥ ZS0E
ZpZ L'6Lo/ o080/ Sez L8182 6/8z
£$Z ,£80 oz 9£Z £85Z 4
yrx- LT 68/2 /192 /9Z 8e6l/
9g/ |E€s0zZ £50Z 0E! L7299/ 8929/
X g/e/ o 17 LES/ F d
7 A S PA P, i 5
e i 7 st y/ .
ume | PPALL T | ppa, quzl v | PPLL TV pracy 7S
D pPUIM DAS| arg
gi 7 w\.m L o ety pavipsy sz/s//s oy




Computation of Frecise Levels

For- | No, | Swum |Distance| Kod | Mean Rod Approximate| Mean

Bench ; : . ean '0 4

Marks e 5;‘_ ,;’,f,, M’/:" IZ’Z Readihys ﬂ///;e;atm 7275
ward | Hons \Trtorvals| metersZ8-2F| =5 EF | Levation | Rod

mm. mm, m., m. m,
‘0.8 F| &5 |2200|0 45 |29|5.839¢7|9.3520|-3.9553| 24
7o.
FLB! B8\ 3 |/92/9 032 |#/9\5.2¢83|/.3/8 % |+3.95%9| /3.
7-557 F| /016272 |/.36 |#/%(/9.237%|/7%62/ |+/. 7753| 27
o .

‘A | B 2 |6802|/86 205743/ |/6.5200|-/776F | /&

A-8l Fl s 225/ 0585 |25 |85597|5.969% |+2.5903| S 2
B.| Y 2795 056 |+/ 6.79/3 |9.8800 |-2.5887 | 35~

B-c| F | 7 |52/0|/.09 |#/2|/2.5800|/0./3// r2.948%| /&
B | & |s9507|/08 |-7 /9807 |/8.925/ |-2.49YY |3/

e | F|l s |v0cologs |-/6 786007679 |~08/9%| S0
B|NS |vo52|0.87 |-2/ 7935776200 |03/ 57| 24

D E| F | s |394510.79 |-5 |9.55%0|5:680/ |+3.8735| /#
8|5 3957079 |-5 |992677 |& £930 |- 3.LA56 | 3Y

-2l £ 7 97680985 |#/9 |8 ¢co0|9/7/ |-B.o57/ | 2o
B\ 7 973/ 095 |+38 /2.8050|22% 84 H3.0556| 3¢

F.e | ¢ |4069 |0 82 |-5 /0936|9573 0|+0.9706 | 20
S| 7 |9%0p/ (082 |+9 |f0.%¢20|//3732|-0.9//0 |32




Computation of [Fecise Levels

Corrections Pifference of ivery-
Govatwe | foye| |Zidex |Le Temp. Efevation ence
“'4 . P Cf ” ‘F
Wefraction| EXTO |Erver | god | Rod |Fach Line Meart 4
[ mm. mm. mm, mm. mm. m. . o,
-0./ |—0.2 ~0.9 |-3. 9560 |-3. 955C |#09%
-0.2 |+0.2 +0.2 |+3. 955/
-0.7 |70 2 +0.2L | +/. 7756 |+/ 7763 " |+£/ %
-0.2 |#0.2 -0./ |=/. 277 O
+0./ |-0. 3 +0.3|+42.5%0% |+2.5895 |-/ 9
+r0./ |0 O \ - ~0.3 |-2. 9885
=
%7
0.0 02| Yy D |ro./ |+2.9992 |+2 992/ |-92
-0./ |-o./ R E -0.9 |-2. 94450
¥ | X
< | .»
0.0 |ltoz2| N lool-0a/92 |-o8/79 |+3.6
V‘
+0.2|-0.3 x5 § .0 |+o.3/5 6
‘5 N
&: \
N
-0./ |-o0./ 2\» v 703 |+3.872%0 [4£8.875/ |#2.2
0.0 |-0./ N |los |-3.£7¢2
\ %
~.1
\’ N
N —
+to0./ |02 | N S |mo2 |-3. 0570 |-3. 05635 |+//
—-0./ |o.o < < +0.Y |+3.0559
0.0 |-o0./ +0./ |+0. 2706 |+0.9/07 |#0.3.
+0./ |+0./ -0./ |—0.9709
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Computation of Frecise Levels

For- | No. | Sum |Distance| Rod Mean Rod Uppraimete | Mean.
Bench | wad ' - . d
W’/’:b' k- 5;:‘ jo /(1{/’:- z\’(,:/z: Readigs /’/ff;mar 72:’;‘6.
ward | Tron Iﬂﬂ_f'WA' meters Z5ZF Zp SF f/CYlf/.M Rod
mm, ”mm. m. m. m.
e~ £l ¢ |928/|0. 85 |+3 |§8.6203|09339|-2.8/3/| /¢
Bl 6 9237|085 |+ T |28507 75370 |42.8/37|35.
H-T| F| 4 8937|069 |-/7 5. /200|5.99297|-0.8797] 20
Bl Y I83yv2|06?|-/26.5097|562720 |ro 882735
T-Ul Al o |ve850.99 |-2 |6.250%|9, 2653|-3.0/4%| 2/
Bl |sy2// 109%|-7 (/095 F0|7 9926 |#3.0/6% | 35
J - | Fl s |83%9|0.¢7 |#30|¢.¢423|79929 |-1.850/| /7
"OH| B & |dss/|loz2/ |+/ 872597 (7900 |rr.8507] 29
D.H £ 7 |v550|0.97 e |6r80|83260|43.29200 25
"SaB |l B | 7 |veov|o.922 |+ &|9epec8U3 /786 13.29/£| 33




Computation of Frecise Levels

Correctrons

Difference of

Prvery -
Qwvatwe | ,ve/ | Index /.enzﬁr Temp. Elevatron ence
and 0 0 -
{frmctien Ervor |Error | Rod Rod £ach Line Mean L d
. . mem, . mm, m. ", mm.
0.0 | 0.0 +0./|-2.3/3¢0 |-2.3/36 |-/./
0.0 |+o./ +0.3 |+2.379/
-0./ |-0.2 -0./ |-o0. 880/ |-0 &8/% |-2.7
+0./ |-o0./ +0./ |+0. 882 &
-o0./ | 0.0 0.2 |-3.0/852 |-3.0/60 |-/.5.
0.0 |—o0./ | X +0.49 |+3.0/67
AN N
\‘
A 3
-0.21703] ¥ | |0o|-13500 |-18505 |-/0
o.olros| ¥ N |*o.2|+/85/0
» N
v
AN AN
-0./ |#0.2 \2 §\ 403 |+3.2922% |+3. 2979 |-/.©O
-o./\to/ | R R |09 |-3.29/%
~ N
< 1\
11 N
N %
QO e
&Q D
T

qo.



Adjustment of Circuit

) Distance Mean Difference Corvect; Corrected Differerce
-+ -~ P + -
0.8 | 0. vy2 3. 92556 3.9556
ils
FLB /.30 | /.7763 +0./ |/.772¢%4
70.
72
4°-B8°| 0.56 |2.5895 2.589%5
B-clsoec |z.992/ +o0./ |l2.9972
c-o| o8/ 0.8/7% O.3/2%
D-E| 0.79 |3.875/ 3.875/
E-Fl o 95 3.05665 | +0./ 3.0564
F-G'| o &2 |0 9707 0.9/0 7
c-H| o &5 2.3/36 2.3/36
H-T 0.69 O0.88/Y 0.88/%9
7-g o 9 3.0/60 | +o0./. 3.0/59
J 0.69 a-xx-xa /DS 0S5
70
o Xy,
DA | 0.92 |8.29/8 3.29/9
o
03"
Tota/l/ | /0. 86 |/9. 8906 |/% &89/0| +0.9. (/4. 8908 |/4.8%0§




Final Elevation

Flevation (feet)

B.M’s Elevation (metets)
Voo oo o0

FLB.” /;25.5. Ssg07 §38.2768
‘A 257. 2268V 8§YY, /252
‘B 28597 §663 ¥ £S5 2. 62/
c” 262. 3/35 .- §CI. 65 06
O 26/. 296/ §5G. 6092
£ | 2¢5.87/72 £72.323%
el 262. /9 8 §G62., 295 %
‘G” 263. 7255 ¢ £6 35, 2839
‘A | 26/. /7 F v §52.692%
7 260. 5305 &Y. oo G
v 257 . 5/96 ¥ &vY. 2057
‘DAY 256 ./6%/. Vv &v0.%97 9%

/.
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