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SUBCOURSE OVERVIEW

This subcourse is designed to give soldiers a ipedcknowledge of surveying fundamentals and
equipment, as well as a review of some of the nmaglies needed in surveying operations.

The prerequisite for this course is a basic knogdedf mathematic principles, to include multiplioat
division, fractions, and decimals or the completmihthe Army Correspondence Course Program
(ACCP) Missile & Munitions Subcourse (MM) 0099.

This subcourse reflects the doctrine that was otisdnen it was prepared. In your own work situatio
always refer to the latest publication.

At Appendix D, you will find an English/metric coeksion chart.

Unless otherwise stated, the masculine genderngukar pronouns is used to refer to both men and
women.

TERMINAL LEARNING OBJECTIVE:

ACTION: You will learn how to use math, geometrynda trigonometry in surveying
calculations and be able to identify and understhadises of surveying equipment.

CONDITION:  You will be given the material in thisilscourse and an ACCP examination response
sheet.

STANDARD: To demonstrate competency of this tagky ynust achieve a minimum of 70 percent
on the subcourse examination.
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GRADING AND CERTIFICATION INSTRUCTIONS

Examination: This subcourse contains a multipleia examination covering the material in the five
lessons. After studying the lessons and workingpugh the practice exercises, complete the
examination. Mark your answers in the subcoursiklet, then transfer them to the ACCP examination
response sheet. Completely black out the letteved that corresponds to your selection (A, B, €, o
D). Use a number 2 pencil to mark your responsiéghen you complete the ACCP examination
response sheet, mail it in the preaddressed erevgdogvided with the subcourse. You will receive an
examination score in the mail. You will receiverese credit hours for successful completion of this

examination.
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LESSON 1

INTRODUCTION TO SURVEYING

OVERVIEW

LESSON DESCRIPTION:

In this lesson, you will learn the fundamentalswiveying.

TERMINAL LEARNING OBJECTIVE:

ACTION: You will learn the fundamentals of survegin
CONDITION:  You will be given the material containedthis lesson.
STANDARD: You will correctly answer the practiceezgise questions at the end of this lesson.

REFERENCES: The material contained in this less@s werived from TM 5-232, FM 5-233,
NAVEDTRA 10696, and CDC 3E551A.

INTRODUCTION

Surveying is a science that deals with determinimggrelative position of points on or near the l@art
surface. These points may be needed for congirutdilocate or lay out roads, airfields, and dtrees

of all kinds or for cultural, hydrographic, or temm features for mapping. In the military, thesengs
may be used as target reference points for aytill&ihe horizontal position of these points is deieed
from the distances and directions measured in itd. f The vertical position is computed from the
differences in elevations, which are measured tlyreor indirectly from an established point of
reference or datum.

Surveying is a basic subject in the training of agiyil engineer regardless of any ultimate
specialization. Its application requires skillvesll as knowledge of mathematics (which will be exad
later in this correspondence course), physicstidggnd, to some extent, astronomy. This chaptiér
give you an overview of surveying in general, waimphasis on those areas affecting the duties of a
construction surveyor.

Surveying involves fieldwork and office work. F@lork consists of taking measurements, collecting

engineering data, and testing material. Officeknansists of analyzing and computing field datd an
drawing the necessary sketches.
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As your experience increases, you will realize #aduracy in surveying is very important becauge th
results of the surveys are the basis of other fa@ftiecting sound decisions in engineering practic

PART A - SURVEYING CAREER FIELD

1-1. Career Progression The normal line of progression for a technicabieeering specialist
(military occupational specialty (MOS) 51T) andagdgraphic surveyor (MOS 82D) are discussed in
Army Regulation (AR) 611-201.

a. The following listed subcourses for surveyairting are available from the United States
(US) Army Engineer School, Fort Leonard Wood, Migso

 EN 0591 Surveying | (Mathematics and Surveyingétpies).
* EN 0592 Surveying Il (Plane-Surveying Operations).
 EN 0593 Surveying Il (Topographic and GeodeticvBying).
* EN 0594 Surveying IV (Construction Surveying).

b. Subcourses EN 0591, EN 0592, and EN 0594 &eeaded to provide the theoretic training
required for a construction surveyor (MOS 51T2&ubcourses EN 0591, EN 0592, and EN 0593 are
intended to provide the theoretic training requil@da topographic surveyor (MOS 82D20/30).

c. Surveyor training is not complete without sopractical work in the field. This should
occur after the student has had experience handhdgusing at least one of each of the more common
types of instruments and equipment described is l#8son. Students enrolled in these subcourses
should be assigned to an organization or unit dioa&s construction or topographic surveying. lfythe
are not, they must acquire on-the-job training @/stiudying these subcourses.

PART B - GENERAL

1-2. Purpose of a Survey The earliest application of surveying was faiabbshing land boundaries.
Surveying has also branched out to many fields phaaallel the advancement of civil engineering and
civilization. Surveyors may be called upon to appe court to substantiate definite locations of
various objects, such as those involved in majaffitr accidents, maritime disasters, or even murder
cases. Surveying methods may be the same, butpgbhmoses are varied. Generally, surveys are
conducted-

* For subdividing or establishing boundaries of lgmdperties. (NOTE: As the value of real
estate increases, the demand for good land surv@jgo increases.)

ENO591 1-2



» For studying the actual construction of publicppivate works. (NOTE: As a construction
surveyor in the Army, this is the type of surveyyay will conduct.)

 On major operations with a higher order of accurdwt only government agencies are
equipped to handle; for example, hydrography amdpifoposed project to tie the world into
one triangulation network using earth-orbiting Biés.

Again, although these surveys are for various psgppthe basic operations are the same-they involve
measurements and computations or, basically, fietkvand office work.

1-3. Duties of the Construction Surveyar In support of construction activities, the swyweobtains
reconnaissance and preliminary data that are regeas the planning stage. During the construction
phase, the surveyor supports the effort as neet@lgplical duties of the construction surveyor in@ud

» Determining distances, areas, and angles.

Establishing reference points for both horizoatad vertical control.
» Setting stakes or marking lines, grades, and jpahpoints.

» Determining profiles of the ground along giverebn(centerlines and/or cross-section lines) to
provide data for cuts, fills, and earthwork volumes

» Laying out structures, culverts, and bridge lines.
» Determining the vertical and horizontal placemafnitilities.

1-4. Relative Location and Position The location of a point on the earth can onlydescribed in
terms of the relative location or position of theint with reference to another point. This relativ
location or position of a point on the earth's soef and the corresponding point on a map may be
described in terms of a system of coordinates. rdlpates are quantities that designate the positi@n
point in relation to a given reference frame. ifgllsomeone that the Main post exchange (PX) is two
blocks north of Main Street and three blocks e&d®roadway is using coordinates. A point may also
be identified by its latitude and longitude anddistance and direction from another point.

a. Coordinates. Coordinates are often used watida which is a network of uniformly spaced
straight lines intersecting at right angles. Fgurl, page 1-4, shows a grid. The reference frame
consists of horizontal and vertical baselines. hEbaseline in this example is divided into units of
measurement, and each unit is further divided tetohs. The direction of the vertical baselinealied
north, and the direction of the horizontal baseimealled east. The intersection of the baselises
called the origin and has a coordinate value af-zero. The dot is located 2 units plus threek=iof a
unit more, or 2.3 units, above the horizontal basel The dot is also 1.1 units east of the velrtica
baseline. The coordinates of this grid is 2.3marid 1.1 east.
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b. Latitude and Longitude. Latitude and longitudehe position of any point in relation to
where the north-south (NS) line (the zero or Graehuneridian) intersects the east-west (EW) lifne (t
zero parallel or the earth's equator). This lecathethod is known as the geodetic-coordinatesadeth

c. Distance and Direction. Another location meti®distance and direction. In the following
examples, the location is given in terms of thenp®idirection and the distance from the reference

point:
 Example 1: A certain point is located 15 milestbavest of the center of Minneapolis.

 Example 2: In Figure 1-2, standing at the coofahe garage, the tree is“48lockwise
from the edge of the driveway and 50 steps away fitee garage.
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Figure 1-1. Coordinates of a point on a grid

1-5. Plane Surveying The branch of surveying in which the mean s@rfalcthe earth is considered a
plane surface is generally referred to as planeesung. In plane surveying, the earth's curvatare
neglected, and computations are made using theufasmof plane geometry and trigonometry. In
general, plane surveying is applied to surveysanfllareas and boundaries (land surveying) where the
areas are of limited extent. Plane surveying $ alsed when the required accuracy is so low that
corrections for the effect of curvature would beyliggble as compared to the errors of observations.
For small areas, precise results may be obtain#d plane-surveying methods, but the accuracy and
precision of such results will decrease as the awgaeyed increases in size. Generally, plane
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surveying is done for the location and constructbhighways, railroads, canals, and landing strips

&

A

\.Driveway

Figure 1-2. Distance and direction

Leveling operations are usually considered a plgplame surveying. The effect of the earth's ctura

is automatically taken into account when using ddath procedures to determine elevations. Elevation
are referred to a certain datum, which is a plangént at any point of the earth's surface and alotan

the plumb line at that point. This datum is nofdgéhken at an imaginary plane tangent to the serfa
of mean sea level. Figure 1-3, page 1-6, illusgrdhe fact that when this datum plane is exterdded
miles out from the point of tangency, the vertidatance (elevation) of the plane above the surface
represented by mean sea level is 67 feet, anddatance of 100 miles, this elevation becomes 6,670
feet. For this reason, the earth's curvature dabeoneglected as a factor in taking even rough
elevations. Later, you will learn the importandéemaintaining, as much as possible, a balancedrmtist

between the foresight and backsight in levelingratiens.

PART C - TERMINOLOGY

1-6. Surveying Terms The following surveying terms are just a fewtloé technical terms that you
will be using. You will learn most of them in aatypractice and through usage.

* Agonic line-The line along which the magnetic declinationasaz
* Angleof inclination-A vertical angle of elevation or depression.

* Azimuth-The angle to a line of sight, measured clockwisenfany meridian and range frorh O
to 360°.

1-5 ENO591



ENO591

10 miles -
Tangent
’ plane

67 leet

Mean
sea lovel
surface

Figure 1-3. The effect of the earth's curvature

Blaze-A mark made on the trunk of a standing tree bping off a spot of bark with an ax. It
is used to indicate a trail, a boundary, a locatwra road, a tree to be cut, and so on.

Bubble axis (level vial)-The horizontal line tangent to the upper surfaicthe centered bubble,
which lies in the vertical plane through the longihal axis of the bubble tube.

Calibration-The process of standardizing a measuring instrufmgdetermining the deviation
from a standard so as to ascertain the propercatamnefactors.

Collimation-The act of adjusting the line of sight of a te@gsic surveying instrument to its
proper position relative to the other parts ofittsgrument.

Collimation line-The line through the second nodal point of theeotiye (object glass) of a
telescope and the center of the reticle. It i® abferred to as the line of sight, sight line,
pointing line, and the aiming line of the instrurhehe center of the telescope reticle can be
defined by the intersection of crosshairs or by ithiddle point of a fixed vertical wire or a
micrometer wire in its mean position. In a levglinstrument, the center of the reticle may be
the middle point of a fixed horizontal wire.

Contour-An imaginary level line (constant elevation) ore tground surface; it is called a
contour line on a corresponding map.

Datum-Any numeric or geometric quantity that serves aseference or base for other
guantities. It is described by such names as deodkveling, North American, or tidal datum,
depending on its purpose when established.
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Elevation-The vertical distance of a point above or beloweatablished or assumed point
(datum) on a level surface.

Geodetic datum-Datum that forms the basis for the computatiomafizontal-control surveys

in geodetic surveying. It consists of five quaest the latitude and the longitude of an initial
point, the azimuth of a line from this point, amebtconstants necessary to define the terrestrial
spheroid.

Grade (gradient) -The rate of rise and fall or slope of a line; giatly expressed in percent or
as a ratio.

Horizontal angle-The angle formed by two intersecting lines on azomtal plane.

Horizontal distance-A distance measured along a level line. It is cawmly thought of as the
distance between two points. The distance maydmsured by holding a tape horizontally or
by measuring the inclined distance between thetgoirHowever, the inclined distance is
always reduced to its horizontal length.

Horizontal line-A straight line perpendicular to a vertical linesagiven point.
Horizontal plane-A plane tangent to a level surface (also call@h@lof the horizon).

Instrument adjustment-Adjusting the parts of an instrument to obtain thghest practical
precision. For example, field adjustments of tledbes include adjusting the bubble tube,
circular bubble, line of sight, horizontal axisletcope bubble tube, vertical circle, and optical
plummet.

Isogonic line-An imaginary line or a line on a map joining pairdn the earth's surface at
which the magnetic declination is the same.

Legend-A description, explanation, table of symbols, @ndon printed on a map or chart for a
better understanding and interpretation of it.

Level surface-A surface that is parallel with the spherical age of the earth, such as a body of
still water.

Leveling datum-A level surface to which elevations are referr&enerally, the adopted datum
for leveling in the US is the mean sea level.

Measured angles-Angles that are either vertical or horizontal.

Parallax-An error in sighting that occurs when the objegti@nd/or the crosshairs of a

telescope are improperly focused. In testing theuding of a telescope, the head of the
observer must move from side to side or up and deWwite sighting through the eyepiece.

Any apparent movement of the crosshairs in relatiotine object image means that parallax is
present.
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* Plumb line-A line (as a cord) that has at one end a weigéta(@lumb bob) and is used to
determine verticality.

* Reticle-A scale on transparent material (as in a telegcaped especially for measuring or
aiming.

» Sation-The location of a definite point on the earth'sfate that has been determined by
surveying methods. It may be a point on a travers which an instrument is set up or a
length of 100 feet measured on a given line-brok&ajght, or curved.

* Traverse-A sequence of lengths and directions of lines betwpoints on the earth, obtained
by or from field measurements and used in detengithe positions of the points. A traverse
may determine the relative positions of the pdihés it connects in a series.

* Vertical angle-An angle between two intersecting lines in a weattiplane. It should be
understood that one line lies on the horizontah@laand the angle originates from the
intersection of the two planes.

* Vertical line-A line that lies in the vertical plane and is pamgdicular to the plane of the
horizon, such as the direction of a plumb line.

* Vertical plane-A plane that is perpendicular to the horizontahg!.
PART D - FIELDWORK
1-7. Fieldwork Concept Fieldwork is important in all types of surveyso be a skilled surveyor, you
must spend a certain amount of time in the fielddquire needed experience. The study of this ACCP
will enable you to understand the underlying themfrgurveying, the instruments and their uses,thad
surveying methods. However, a high degree of pieicy in actual surveying, as in other professions
depends largely on the duration, extent, and waoeyour actual experience.

a. Project Analysis. The project must be analyhedoughly before going into the field. You
must know exactly what is to be done, how you dalit, why you prefer a certain approach over other
possible solutions, and what instruments and naseyou will need to accomplish the project.

b. Speed. You must develop speed in all youddwerk. This means that you will need

practice in handling the instruments, taking obaBows, keeping field notes, and planning systemati
moves. Surveying speed is not the result of hogyyit is the result of the following:

* The surveyor's skill in handling the instruments.

* The intelligent planning and preparation of thekvo
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* The process of making only those measurementsatieatonsistent with the accuracy
level that is required.

c. Accuracy Levels. Measurements must not be ptedeas correct without verification.
Verification, as much as possible, must be diffefesm the original measurement method used. The
precision of measurement must be consistent wehatituracy level that is required for the surveying
type being conducted. The higher the accuracyl,ldtie more time that is required to make the
measurement, since greater care and more obs@&vatiost be taken.

The purpose and type of a survey are the primarioifa in determining the accuracy level that is
required. This, in turn, will influence the select of instruments and procedures. First-order
triangulation, which becomes the basis or "contadlfuture surveys, requires a high level of accyra

At the other extreme, cuts and fills for a highvgayvey require a much lower accuracy level. Insom
construction surveys, inaccessible distances neisbimputed. The distance is computed by means of
trigonometry, using the angles and the one distdmaecan be measured. The measurements must be
made to a high degree of precision to maintain @oyuin the computed distance.

d. Maintenance. Fieldwork also includes adjustmgjruments and caring for field equipment.
Do not attempt to adjust any instrument unless yoderstand the workings or functions of its parts.
Adjusting instruments in the early stage of youreea requires close supervision from an experienced
surveyor.

e. Factors Affecting Fieldwork. The surveyor musinstantly be alert to the different
conditions encountered in the field. Physicaldagt such as terrain and weather conditions, \ifiich
each field survey in varying degrees. The follogvare some of these conditions:

Measurements using telescopes can be stopped) loy foist.
» Swamps and floodplains under high water can impapiag surveys.

» Sighting over open water or fields of flat, unbeakterrain creates ambiguities in
measurements using microwave equipment.

» Bright sunlight reduces light-wave measurements.

However, reconnaissance will generally predeternim@se conditions and alert the surveying party to
the best method to use and the rate of progrdss éxpected.

f. Training. The training status of personnel asother factor that affects fieldwork.
Experience in handling the instruments being usedafsurvey can shorten surveying time without
introducing errors that would require resurvey.

1-8. Measurements Fieldwork in surveying consists mainly of takiagd recording measurements.
The operations are as follows:

* Measuring distances and angles for the purpose of-
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- Establishing points and reference lines for lmgatetails (such as boundary lines, roads,
buildings, fences, rivers, bridges, and other exgsteatures).

- Staking out or locating roads, buildings, landgtigps, and other construction projects.

- Establishing lines parallel or at right angle®tber lines.

- Extending straight lines beyond obstacles, sgchugldings.

- Performing other duties that may require theafsgeometric or trigonometric principles.
» Measuring differences in elevations and determimilevations for the purpose of-

- Establishing reference points (bench marks).

- Obtaining terrain elevations along a selected for plotting profiles and computing grade
lines.

- Staking out grades, cuts, and fills for constiorcprojects.
» Conducting topographic surveys where horizontdlaertical measurements are combined.

* Making soundings in bodies of water for preparciwrts for navigation or for developing
maps for waterfront structures.

* Recording field notes to provide a permanent ikcdithe fieldwork.

Surveying measurements will be in error to the mixtbat no measurement is ever exact. Errors are
classified as systematic and accidental. Besidesse surveying measurements are subject to naistak
or blunders. These arise from misunderstandingefproblem, poor judgment, confusion on the phrt o
the surveyor, or simply from an oversight. By wiagkout a systematic procedure, the surveyor will
often detect a mistake when some operation seetnsf place. The procedure will be an advantage in
setting up the equipment, making observations,rd#eg field notes, and making computations.

1-9. Field Notes The surveyor's field notes must contain a coteplecord of all measurements made
during the survey, with sketches and narration whecessary, to clarify the notes. The best field
survey is of little value if the notes are not cdete and clear. They are the only record thatfisdfter
the field surveying party leaves the site.

a. Field-Note Types. The following are the fouasic types of field notes: tabulations,

sketches, descriptions, and combinations. The gwtibon method is the most common method
because it fits so many overall needs.
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(1) Tabulations. Tabulations are the numericahsneements that are recorded in columns
according to a prescribed plan. Spaces are adsoved to permit necessary computations. Tabulstio
with or without added sketches, can also be supgéea with descriptions.

(2) Sketches. Sketches add much to clarify fredtes and should be used liberally when
applicable. They may be drawn to an approximasdesor important details may be exaggerated for
clarity. A small ruler or triangle is an aid in kmag sketches. Measurements should be added Iglirect
on the sketch or keyed in some way to the tabudéa.d A very important requirement of a sketch is
legibility. See that the sketch is drawn cleartg d&arge enough to be understandable.

(3) Descriptions. Descriptions may only be one tailo words to clarify recorded
measurements or may be a lengthy narration iftib ise used at some future time, possibly yeaes,lat
to locate a surveying monument.

(4) Combinations. Two, or even all three, of thethods can be combined, when necessary,
to make a complete record.

b. Field Notebook. A field notebook is a permahehound book for recording measurements
as they are made in the field. Several types wagladble to record the different kinds of surveying
measurements. The front cover of a field notebstwduld be marked with the name of the project its
general location, the types of measurements redpitie designation of the surveying unit, and other
pertinent information as specified by the enginagrofficer. The inside front cover should contain
instructions for the return of the notebook, iftlo3 he right-hand pages should be reserved fondex
of the field notes, a list of party personnel ahnelit duties, a list of the instruments used (phesdates
and the reasons for any instrument being changedgdthe course of the survey), and a sketch and
description of the project. Throughout the remamaf the notebook, the beginning and ending oheac
day's work should be clearly indicated. When perit, the weather, including temperature and wind
velocities, should also be recorded. To minimgeording errors, all data entered in the noteboaktm
be checked and initialed by someone other tharett@rder.

(1) Legibility. All field notes should be lettetdegibly. A mechanical pencil or a number 3
or 4 hard-lead pencil, using sufficient pressur#l, emsure a permanent record. Numerals and ddcima
points should be legible and permit only one intetation. Notes must be kept in the field notebook
and not on scraps of paper for later transcriptiSeparate surveys should be recorded on sepages p
or in different books.

(2) Erasures. Erasures are not permitted in fir@itebooks. Individual numbers or lines
recorded incorrectly are lined out and the corvedies added. Pages that are to be rejected @ssed
out neatly and referenced to the substituted pddps procedure is mandatory since the field nod&bo
is the book of record and is often used as legdkesce.

(3) Abbreviations. Standard abbreviations, sigamg] symbols are used in field notebooks.
If there is any doubt as to their meaning, an engtian must be given in the form of notes or legend
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PART E - SURVEYING PARTIES

1-10. Surveying-Party Types The size of a field surveying party depends ba surveying
requirements, the equipment available, the surgeymethod, and the number of personnel needed for
performing the different functions. The followiage the surveying parties that will be discusseithis
lesson: a leveling party, a transit party, andaalia party. The other surveying-party organizagio
generally follow the same pattern, therefore, tivdlynot be discussed.

a. Leveling Party. The smallest leveling partyngiets of two persons. For differential
leveling, one person acts as an instrument marel(lenan) and the other holds the rod (rod man).
Trigonometric leveling requires instrument menead vertical angles as well. In small partiesha t
type, the instrument men must record their own s10tReciprocal leveling can be done by two people
but requires separate vehicles for transportingptitey and the equipment around the obstruction.

(1) Additional Persons. To improve the efficienof the different leveling operations,
additional personnel are required. A second rod toaalternate on the backsights and foresights wil
speed up leveling. A recorder will allow the instrent man to take readings as soon as the rod reen a
in position. For surveys with numerous side shexsta rod men will eliminate waiting periods while
one or two persons move from point to point. Inveys requiring a shaded instrument, an umbrella
man can allow the recorder to concentrate on ne¢pikg.

(2) Combined Party. Leveling operations may be along with a traverse or as part of a
taping survey. In these instances, the levelimypaay be organized as part of a combined partlg wi
personnel assuming duties as required by the wadldod as assigned by the party chief.

b. Transit Party. A transit party consists olesst three people: an instrument man, a head
chainman, and a party chief. The party chief igallg the note keeper and may double as a rear
chainman, or there may be an additional rear ch@mmThe instrument man operates the transit, the
head chainman measures the horizontal distancdshanparty chief directs the survey and keeps the
notes.

c. Stadia Party. A stadia party should consisthoée people: an instrument man, a note
keeper, and a rod man. However, two rod men shbeldised if there are long distances between
observed points so that one can proceed to a naw wabile the other is holding the rod on a point
being observed. The note keeper records the Hatmstrument man calls out and makes the required
sketches.

PART F - SURVEYS
1-11. Surveying Types Generally, surveys are classified by names gesa of their functions,
such as property surveys, mine surveys, hydrogcaptuiveys, and so on. Although surveys are

classified by many different names, the methodsiastluments used are basically the same. Some of
the types of surveys that you might perform asrastaction surveyor are discussed below.
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a. Land Surveys. A land survey is conducted tabdish the exact location, boundaries, or
subdivision of a tract of land in a specified arddnis type of work is sometimes referred to asastcl
surveying. When this work is primarily done witteity limits, it is referred to as city surveyingit
present, land surveys generally consist of thewatg chores:

» Establishing markers or monuments to define aackthy preserve the boundaries of land
belonging to an individual, a corporation, or tlevgrnment.

* Relocating markers or monuments legally estaldigheoriginal surveys. This requires
examining previous surveying records and retraeihgt was done. When some markers
or monuments are missing, they are reestablishetbllmwing recognized procedures
and using whatever information is available.

* Rerunning old land-surveying lines to determinartlengths and directions. As a result
of the high cost of land, old lines are remeastioeget more precise measurements.

* Subdividing land into parcels of predetermineesiand shape.

* Calculating areas, distances, and directions agplping a land map to portray surveying
data so that it can be used as a permanent record.

* Writing a technical description for deeds.

b. Topographic Surveys. A topographic surveyasducted to gather surveying data about
natural and man-made land features, as well ast@es. From this information a three-dimensional
map may be prepared. The topographic map maydpaped in the office after collecting the field alat
or done right away in the field by plane table.eWork usually consists of the following:

» Establishing horizontal and vertical control thail serve as the framework of the
survey.

» Determining the horizontal location and elevatjasually called "side shots") of ground
points to provide enough data for plotting whenntegp is prepared.

» Locating natural and man-made features.
» Computing distances, angles, and elevations.
» Drawing the topographic map.

c. Engineering or Construction Surveys. An engiimg or a construction survey is conducted
to obtain data for the various phases of constnoctiactivity. It includes a
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reconnaissance survey, a preliminary survey, ai@taurvey, and a layout survey. The objectives o
an engineering or a construction survey include-

* Obtaining reconnaissance information and prelinyindata that engineers require for
selecting suitable routes and sites and for pregatructural designs.

» Defining selected locations by establishing aeysbf reference points.

* Guiding construction forces by setting stakes arkimg lines, grades, and principal
points and by giving technical assistance.

* Measuring construction items in place to prepaogess reports.

* Dimensioning structures for preparing as-builngla

(1) Terms. The American Society of Civil Engire¢ASCE) applies the term engineering
surveys to all of the above objectives and constrmcsurveys to the last three objectives only.e Th
Army Corps of Engineers, on the other hand, apglestruction surveys to all of the above objective

(2) Structures. Engineering and/or constructiorveys from part of a series of activities
leading to the construction of a man-made structuiidhe term "structure" is usually confined to
something that is built of structural members, sasla building or a bridge. It is used here imaabder
sense, however, to include all man-made featutety 8s graded areas; sewer, power, and water lines;
roads and highways; and waterfront structures.

d. Route Surveys. A route survey is conducteddoating and constructing transportation or
communication lines that continue across countrystame distance, such as highways, railroads, open
conduit systems, pipelines, and power lines. Galyerthe preliminary survey for this type of work
takes the form of a topographic survey. In thalfstage, the work may consist of the following:

» Locating a centerline, usually marked by stakel0@tfoot intervals (called stations).

» Determining elevations along and across a ceneetfior plotting a profile and cross
sections.

* Plotting a profile and cross sections and fixingdes.

» Computing the volumes of earthwork and preparingaas diagram.
» Staking out the extremities for cuts and fills.

» Determining drainage areas to be used for ditahdsculverts.

* Laying out structures, such as bridges, culveartd,so on.
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» Locating right-of-way boundaries, as well as stgkout fence lines, if necessary.
PART G - CONTROL SURVEYS

1-12. Control Types Control surveys establish reference points afefence lines for detail surveys.
Control may be either horizontal or vertical.

a. Horizontal Control. Horizontal control is asba framework of points in which the
horizontal position and interrelationship of haweb accurately determined.

(1) Horizontal Control by Traversing. A surveyitiaverse is a sequence of lengths and
directions of lines between points on the earthiaiobd by or from field measurements and used in
determining the positions of the points. A surwmgyiraverse may determine the relative positiorthef
points that it connects in a series.

(a) Closed Traverse. A closed traverse is onedfids at the point at which it began (see
Figure 1-4, page 1-16).

(b) Open Traverse. An open, or open-end, travers@e that ends at a point other than
the one at which it began (see Figure 1-5, pagé)1-1

(2) Horizontal Control by Triangulation. Triangtibn is a method of surveying in which
the stations are points on the ground that aretddcan a series of triangles. The angles of the
triangulation net are measured by using instrumeasl the lengths of the sides are derived by
computation from selected sides that are termedlipas-the lengths of which have been obtained from
precise direct measurements on the ground.

b. Vertical Control. Vertical control (also callelevation control) is a series of bench marks or
other points of known relative vertical positionathare established throughout a project. In a
topographic survey, for example, a circuit of bemsérks is established over an area at convenient
intervals (usually every half mile along a coordeaystem on government property) to serve asrgjart
and closing points for leveling operations. Thésoaserve as reference marks for grades and ficiishe
floor elevations for structures in subsequent aoesbn work. Since these bench marks will be eeed
from time to time to establish other elevationdsitmportant that the work be accurately donehsd t
elevations referred to by one bench mark will chesitk those referred to by any other bench mark in
the circuit. The bench marks must be establisheddefinite point of more or less permanent charac
so that they will not be disturbed.
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Figure 1-4. Closed traverse

Figure 1-5. Open traverse

PART H - PROFESSIONAL SOCIETIES AND
MANUFACTURERS

1-13. Surveyors' Professional Societies US surveyors have two professional societiedie t
Surveying and Mapping Division of the ASCE and &merican Congress on Surveying and Mapping.
You must be a registered civil engineer to beconmeeanber of the ASCE or a registered surveyor to
become a member of the American Congress on Suyeynd Mapping. A working committee of
these organizations may be formed to resolve teehmroblems affecting the art and science of
surveying, such as the
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Committee of Surveying and Mapping Division, ASCEThe executive committee of these
organizations may also appoint representativegpoesent them in international conventions, such as
the International Geodetic and Geophysical Union.

1-14. Manufacturers of Surveying Instruments and Spplies. Berger, Bruning, Dietzgen, Gurley,
Kern, Keuffel & Esser, Lufkin, Post, Litton Systenme. and Wild, along with others, are well-known
manufacturers of surveying equipment. Manufactuparblish, in pamphlets and booklets of various
kinds, a great deal of valuable information on symg equipment and its use and are usually glad to
provide such information, without charge, to anyoeguesting it.
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LESSON 1

PRACTICE EXERCISE

The following items will test your grasp of the maal covered in this lesson. There is only oneex
answer to each item. When you complete the exerciseck your answer with the answer key that
follows. If you answer any item incorrectly, stualyain that part which contains the portion invdlve

1. The location of a point may be determined by its from another point.
A Elevation
B. Distance and direction
C. Horizontal angle
D. Vertical angle
2. What determines the accuracy level that is regupr a survey?
A. Time
B. Weather
C. Equipment
D. Purpose
3. Measurement errors are classified as
A. Systematic and accidental
B. Continuous and retracted
C. Horizontal and vertical
D. Accidental and deliberate
4. What type of survey is used to gather data suraband man-made land features?
A. Construction
B. Land
C. Topographic
D. Route
5. Elevation control is another term for
A Elevation
B. Horizontal distance
C. Angle of elevation
D. Vertical control
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LESSON 1

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct Answer and Feedback

B

Distance and direction
A point may also be...(page 1-3, para 1-4)

Purpose
The purpose and type...(page 1-9, para 1-7¢)

Systematic and accidental
Errors are classified as...(page 1-10, para 1-8)

Topographic
A topographic survey is conducted...(page 1-13 fiat 1b)

Vertical control
Vertical control (also called elevation contro(page 1-15, para 1-12b)
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LESSON 2

RATIOS, PROPORTIONS, ROOTS, AND POWERS

OVERVIEW

LESSON DESCRIPTION

In this lesson, you will learn how to use matheosti

TERMINAL LEARNING OBJECTIVE

ACTION: You will learn how to use ratios, propom& roots, and powers.
CONDITION:  You will be given the material containedthis lesson.
STANDARD: You will correctly answer the practiceezgise questions at the end of this lesson.

REFERENCES: The material contained in this less@s werived from TM 5-232, FM 5-233,
NAVEDTRA 10696, and CDC 3E551A.

INTRODUCTION

Surveying operations require that you have a thgimaunderstanding of mathematics to complete even
the simplest surveying task. The fact that a ¢alou may accompany you on a survey mission does no
excuse you from applying your knowledge of mathérsat As a surveyor, you need to know
mathematics and must be able to make all the negessmputations in the following broad areas:

» Doing various kinds of field computations that aeguired to determine accurate lengths,
geographic positions, and horizontal and verticadles, as well as curves, grade lines,
elevations, and earthwork volumes.

* Reviewing and checking all field data and valumscbmpleteness and accuracy.
In addition to the simple elements of mathematiagher or more difficult forms of "math" are needed
in surveying operations. In this lesson, you wafresh your understanding of ratios, proportionsts,

and powers. In the following lessons, you willdstuhe more advanced branches of mathematics, such
as geometry and trigonometry.
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PART A - RATIOS AND PROPORTIONS

2-1. Defining Ratios and Proportions You will find that a ratio can be expressed onrf different
ways. For example, the side-slope ratio of 2-ig-hormally used with soft clay. This ratio can be
expressed as follows: 2-to-1, 2:1, 2_1, or 2/he Tiumbers 2 and 1, which are terms of the rat®, a
called the antecedent and the consequent, respligctifhe antecedent is the same as the dividend or
numerator, and the consequent is the same aswuiserdor denominator. Both terms of the ratio ban
multiplied or divided by the same number withouaeing the value of the ratio. In the ratio 1263,
example, the number 12 is divided by 3, givingthkie of 4. This means that the ratio 12:3 is étua
the ratio 4:1. Other examples are shown below.

Example 1: What is the ratio of 6:2? Set up the problemaafaction, and perform the indicated
operation.

Solution: 6/2 = 3, or 3S1

Example 2: What is the ratio of 7:3? Set up the problemaafaction, and perform the indicated
operation.

Solution: 7/3=21/3,0r21/3:1
a. A proportion is a statement of equality between ratios. If the value of one ratio is equal

to the value of another ratio, they are said t@ Ipeoportion. For example, the ratio 3:6 is edaahe
ratio 4:8. Therefore, this relationship can betteni in one of the following forms:

(1) 3:6:: 4:8
(2) 3:6 =4:8
(3) 3/6 = 4/8

b. In any proportion, the first and last terms lanewn as the extremes and the second and the
third terms are known as the means. If you loothatproportion example in the previous paragraph,
you note that the terms "3' and "8" are the extsem#ile the terms "6" and "4" are the means.

c. When working proportions, you should rememibat there are three rules which are used in
determining an unknown quantity. These rules dsm lae used to prove that the proportion is true.

(1) The first rule is that in any proportion theeams' product equals the extremes' product.
See the following examples:

(a) 2.3::6:9

(b) 2 x 9 = 18 (extremes' product)
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(c) 3 x6 =18 (means' product)

When the same problem is expressed in another themgperation remains the same.

2.
> =

O

In this case, the proportion is expressed in atibaal form so that the numerator of one fractien i
multiplied by the denominator of the other fractiohhis is called the cross-multiplication process.

2 x 9 = 18 (extremes' product)
3 x 6 = 18 (means' product)

(2) The second rule is that in any proportion means' product divided by either extreme
gives the other extreme.

3:4:68
4 x 6 = 24 (means’ product)
24

) = 3 (other extreme)

(3) The third rule is that in any proportion théremes' product divided by either mean will
determine the other mean.

2:3::4:6

2 x 6 =12 (extremes' product)
12/3 = 4 (one mean)

12/4 = 3 (other mean)

d. The basic knowledge and appropriate use oftlihee proportion rules will aid you in
determining the value of an unknown term when ttieeiothree terms are known. A typical use of
proportion involves using the representative-fi@atciiRF) formula (RF = MD/GD), which is effective in
determining ground distance (GD), map distance (MD)the RF. Most, if not all, maps express their
scales as a ratio or RF; that is, one unit on thp ® equal to so many units on the ground. Tlap-m
to-ground relationship is extremely versatile siacg kind of unit can be used to determine the snap'
RF. Thus, 1 inch on the map is equal to so magilyes on the ground; the same ratio holds trueetet; f
meters, or yards. As a result, a map of a cedeate, or RF, may show that 1 foot on the map imkq
to 20,000 feet on the ground. Therefore, the mBp'ds 1:20,000. If a map of this scale were to be
used, it would be easy to determine the actuaadcst (or linear measurement) of a survey line en th
ground. See the following example:

Example: What is the length of a survey line on the gifnt measures 5 inches on a map having a

RF of 1:20,000? Set up the problem using the Raddat (RF = MD/GD). Use the known information
and write the proportion. Let x represent yournown extreme.
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RF = 1:20,000
MD = 5 inches
x=GD

Solution: 1:20,000 :: 5:x

Using the rule of the means' product divided bykhewn extreme (1), find the unknown extreme (x),
which, in this case, represents the GD.

(5 x 20,000)/1 = 100,000

The answer is given in inches, which should be eaed to the more conventional surveyor's units:
yards, feet, meters, or miles. This requires §tat divide the answer by 36, 12, 39.37, or 63,360,
respectively.

e. The use of ratios and proportions can alscesgyu in other situations. See the following exbmp

Example: If a survey line measures 7,920 feet on the mgulpwhat is the length of it on a map having a
RF of 1:31,6807? Set up your proportion using thef®tfula (RF = MD/GD). Since the MD is usually
expressed in inches, change the GD to inches bypiyirig by 12. Let x equal the unknown mean.

RF = 1:31,680 (scale of progress map)
GD = 7,920 feet (length of surveyed line)
X =MD

Solution:

1:31,680 :: x:7,920 - 12
1:31,680 :: x:95,040

Using the rule of the extremes' product dividedthyy known mean (31,680), find the unknown mean
(x), which, in this case, represents the desired MD

(1 x 95,040) /31,680 = 3 inches

f. Up to this point, only direct proportion haselpediscussed. In a direct proportion, both ratios
are direct ratios; that is, they increase or deserea the same manner. In the map proportion probl
above, the first ratio (1:31,680) increased in shene manner as the second ratio (3:95,040). This
problem would also be a direct proportion if themte had decreased in a like manner. Most of the
proportion problems you will use are direct projpors and, unless specifically noted, will be treats
such. A simple clue that will aid you is to ana&yeach problem carefully to determine whether the
unknown term will be greater or lesser than thevkméerm of the ratio in which it occurs. Thus, leac
direct proportion takes the following pattern:
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lesser _ lesser
greater  greater

{increasing pattern) (decreasing pattern)

or greater : lesser :: greater : lesser

Therefore, when setting up a direct proportion fEot) make sure that the ratio is stated correctly.
Failure to do so may result in another type of prapn known as an inverse proportion, which will
give you the wrong answer.

2-2. Defining Inverse Proportions The term "inverse proportion” is given to thgeeblems where
an increase in the value of one term will cause@ehse in the value of another term. The samddwou
hold true if a decrease in one term would cause@ease in another term. For example, the raflas3
the inverse of the ratio 2:3, thus when the twsaare equated, the terms, or elements, are cdid t
inversely proportional. In this example, the proidof each ratio is equal.

3:2:2:30r2:3::3:2

a. Another example is where the means of a prmpodan be changed in an inverse manner
while the extremes are held constant (the samebeadone with the extremes and the means held
constant). For example, in the proportion 2:5:208 the means' product (5 x 8) is 40. If thetfireean
is doubled and the second mean is halved, the giopdecomes 2:10 :: 4:20. The means' product is
still 40 even through the means were inversely gadn You will note that the means' product of both
proportions is equal to the extremes' product; tlthe proportional relationship between the ratios
remains the same. A similar situation exists & éixtremes are changed.

2:5::8:20

Doubling the first extreme and halving the remainiextreme changes the proportion but not the
relationship between ratios.

4:5::8:10

Any of the three proportion rules may be appliedhis examples above to determine an unknown value
and to prove that a proportion is true.

b. Proportion problems can be used effectivelyd@termining the manpower needed on a
proposed survey project For example, it is necggsaestimate the number of days needed to survey a
pipeline right-of-way in a tropical country. Althgh the line is long, this assignment normally take
252 days for 2 survey teams to complete. Howeadverse weather conditions are expected in about
60 days; therefore, can 12 survey teams completagbignment before day 60?

c. Your analysis should indicate that if the numbesurvey teams increases, the number of
days to complete the assignment will decrease.refdwe, in order to solve this problem, use aniigee
proportion, whereby one term decreases as ancgher increases. The best way to set up an inverse
proportion is to equate like terms, such as 2 telneams and 252 days:x days. You infer that the
time involved with 12 survey teams is less tharn thgquired with 2 teams therefore, you can invest t
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time ratio within the proportion and carry outstsution.
2:12 :: x:252

d. By using the rule of the extremes' productdkd by the known mean to determine the
unknown mean, you will find that 12 survey teams aacomplish the task in 42 days--well before day
60.

PART B - ROOTS AND POWERS

2-3. Defining Roots and Powers If you were asked to multiply 842 by itself aB89 by itself, it
would mean that both of these numbers were raseleir second powers. Actually, a number can be
raised to any power, and this fact is indicatedalnyexponent. The exponent is a number placed
somewhat above and to the right of the number.sT&42 x 842 can be written in its proper form of
847. Other powers of a number are indicated by tipeapiate exponent. For example, 5x5 x5 x 5 x
5, which is written & means that the number 5 must be raised to tts fibwer. Thus, the power
indicates a special case of multiplication and &®pou to express numbers in a form that is udeful
special application.

a. If the power is a low-value integer, it can feadily computed by arithmetic methods.
Powers that are large numbers or decimals arelysietbrmined through the use of logarithm tables o
if available, computers. Low-value exponents aeguently in many of the field-survey computations,
particularly where known values are substitutedldttered terms that often must be squared (rased
the second power). One of the formulas that aesanvirequently uses while in the field ’s-ab’ = ¢&;
each letter represents a side of a right trianghe that contains a 90° angle). Generally, a sornvean
lay out a right triangle and measure two sides @tsme obstacle or obstruction prevents measuring
the third side. Thus, if sides a and b are knatne,simple to find the value of c.

b. Equal factors of a number are known as robteseffore, finding the root of a number is the
reverse of finding the power. When two equal fectare found for a number, each is known as the
second root, or square root. For example, thersquat of 25 is 5, since 5 x 5 of  25. When three
equal factors are found, each factor is known tégrd root, or cube root. The cube root of 64 ,isice
4 x 4 x 4 or 4= 64. Four equal factors are known as a fourth, rfive equal factors are known as a
fifth root, and so on.. Square and cube roots readily be determined by an arithmetic method.
However, only square roots are normally found by thethod, since cube-root determinations are very
involved and time consuming.

c. In determining the root of a number, you mus# these two notations; the radical sign and
the exponent. The radical si¢/ )is combined with the vinculum (__ ) and placedramt of a number
to indicate that an extraction of its square rgatecessary. When a root other than a squareneeols
to be determined, this is indicated by a small \ndember placed in the angle formed by the radical
sign as shown below.
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d. Often, you will find that the exponent is usedshow the particular root extraction of a
number that is desired. For example, the squareaxrtraction of a number can be indicated by the
exponent 12, the cube root by 1/3, the fourth byot/4, the fifth root by 15, and so forth. Exapgbf
the equal factor or root determination by exponesntshown below. In each example, the root 3 was
needed.

9?(9=3x23)

27327 =3 x3x3)

81Y4(81 =3 x3x 3 x 3)
243" (243 =3x3x3x 3 x 3)

e. According to your proficiency of common multgaition, you can determine mentally the
square root of some numbers. For example, thersquat of 2% is 5, since 5 x 5 or?5= 25.
Similarly, the square root of 142is 12, since 12 x 12 or 12 144. In other cases, however, the square
root of a number must be determined by a mathealgirocess. If the number is a perfect square, the
square root will be an integral number; if the nemls not a perfect square, the square root wilhbe
continued decimal.

f. Currently, there are tables that are desigoedetermine the root of any number. However,
if these tables are unavailable to you while inftbkl, you must be able to determine the squaot @
any number. For example, suppose that you havdajdsout one leg of a triangle and want to catail
the square root. The length of the leg (or side§,898.89 feet. The first step would be to sepatse
number (3,398.89) into 2-digit groups, startingrrthe decimal point and working in both directions.

¥3398.89

g. Next, you will place the decimal point for timended answer directly above the decimal poiat th
appears in the dividend under the radical signe Square root for this number will have 1 digit éach
2-digit group. Now determine the largest numbet ttan be squared without exceeding the first gfair
digits (33). The answer is 5, since the squam@ngfnumber larger than 5 will be greater than Biace
the digit 5 above the first pair of digits in theidend. Squaring 5, place the product under iisé tiwvo
digits (33), and perform the indicated subtractiddow bring down the next pair of digits as shown
below.

5

+/3398.89

25
898 (new dividend)



h. To obtain the next trial divisor, the digit § doubled and placed to the left of the new
dividend. Divide the trial divisor (10) into alubthe last digit of the new dividend; it will gato 89
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eight times. Place the number 8 above the secaimapdigits, and also place the number 8 to tgbtr

of the trial divisor. Thus, the new trial divisisrnow 108. Multiply the new trial divisor by 8né write
the product just under the former remainder (89grform the indicated subtraction, and bring down
the next pair of digits (89).

5 8.
4/3398.89
25
5x2=10(8) 898
8x108 = 864

34 89 (new dividend)

I. To obtain the next trial divisor, double thergel answer (58). Divide the trial divisor (116)
into all but the last digit of the new dividendwitll go into 348 three times. Place the digib3he right
of the decimal point in the quotient immediatelyoab the third pair of digits in the original divia
Also, place the 3 to the right of the trial divisofhus, the true divisor is 1163. Multiply 1163 ® to
obtain a product of 3,489, which is written undee hew dividend. Since there is no remainder, you
may consider the figure 3,398.89 as a perfect sqaend its square root is 58.3.

5 8. 3

J3398.89

25
898
864
2x 58 =116(3) 34 89
3x1163 = 3489 (new dividend)

] The final step in the square-root-extractiongass should be a check of your work. This
check can be done by squaring 58.3 and arrivirtgeatlividend shown under the radical sign.
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LESSON 2
PRACTICE EXERCISE

The following items will test your grasp of the maal covered in this lesson. There is only oneex
answer to each item. When you complete the exerciseck your answer with the answer key that
follows. If you answer any item incorrectly, studgain that part of the lesson which contains the
portion involved.

1. 2=
A. 7
B. 2X2X2X2X2X2
C. 14
D. 128

2. The number 6 in the expressidhisScalled the

A. Square

B. Exponent
C. Cube

D. Proportion

3. What is the ratio of 5-t0-3?

A. 15-to-6
B. 3-to-1
C. .06-to-1
D 1.67-to-1
4. The expression 6-to-9 = 5-to-8 is referred tbeiag
A. A process
B. A ratio
C. A proportion
D. invalid
5. What is the value of the missing extreme inekeression 2:12,000 =3: ?
A. 18,000
B. 6,000
C. 24,000
D. Cannot be determined
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LESSON 2

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct answer and feedback

D

128
Equal factors of a number are known...(page 2-& peBb)

Exponent
The exponent is a number...(page 2-6, para 2-3)

1.67-to-1
You will find that a ratio can be expressed...(page para 2-1)

Proportion
If the value of one ratio is equal...(page 2-2apaila)

18,000
The first rule is that in any proportion...(pag@,3ara 2-1c(2)
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LESSON 3

GEOMETRY

OVERVIEW

LESSON DESCRIPTION

In this lesson, you will learn how to use geometry.

TERMINAL LEARNING OBJECTIVE

ACTION: You will learn how to use geometry for sagng operations.
CONDITION:  You will be given the material containedthis lesson.
STANDARD: You will correctly answer the practiceezgise questions at the end of this lesson.

REFERENCES: The material contained in this less@s werived from TM 5-232, FM 5-233,
NAVEDTRA 10696, and CDC 3E551A.

INTRODUCTION

Geometry deals with lines, angles, surfaces, afidssoln general, the lengths of lines or the siné
angles (measurable in degrees or parts of a degreenot measured by divisions on a ruler but are
compared with one another. One of the most impbrtses of geometry is understanding other
branches of math, which are needed to solve prabletating to geodetic positions, elevations, greas
or volumes of earthwork or other material. Alsmderstanding geometry helps in understanding
trigonometric principles. A surveyor will use geetny in his daily work.

PART A - LINES

3-1. General Information. A line is generated by a point in motion; it hhs dimension of length but
not thickness. Dots and lines made on a drawirtgallg have thickness and are merely convenient
representatives of points and lines. A line thas the same direction for its entire length isexhih
straight line. A line that changes in directionra its length is called a curved line. A flatfage is
generated by a straight line moving in a direcboimer than its length. A surface has the dimerssafn
length and width but not thickness.
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PART B - ANGLES

3-2. General Information. An angle can be identified by the symbol forvéstex. In Figure 3-1, the
vertex is called angle O. This method can be ukédere are no other angles at point O to cause
confusion. However, in Figure 3-2, four angles éhaleir vertex at point O, therefore, this method
cannot be used. The letters of the sides andxvareecommonly used in geometry to identify angles.
This method is more exact and should leave no mureas to which angle is referenced. In Figure 3-1
the angle can be identified as AOB. The syrmr<£stan be used in place of the word "angle." Thus,
angle AOB can be written ¢£AOB or £0. A symbol, such as the Greek letércan be used to
identify an angle. This method is generally usettigonometry.

Figure 3-1. Angle O

Figure 3-2. Angle AOB

Figure 3-3 shows the five general classes of anglsangle that-

Is formed by perpendicular lines is a right angle.

* Isless than a right angle is an acute angle.

» Is greater than a right angle but less than &strangle is called an obtuse angle.

* Has sides which extend in opposite directions fthenvertex is called a straight angle.

* Is greater than a straight angle but less thanstveaght angles is called a reflex angle.
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Angles can also be classified into two general gsouight and oblique. Oblique angles are all asgl
other than straight and right angles.

I Right angle
< Acute angle
Obtuse angie

Straight angle

£

T

Figure 3-3. Classes of angles

Reflex angle

a. Adjacent Angles. Angles that have a commotexeand a common side between them are
called adjacent angles. Thus, in Figure 3-2, B@@ @OD are adjacent angles; however, BOC and
AOD are not adjacent angles because they have mmoa side. When one straight line meets another
straight line to form two equal adjacent angles, lthes are perpendicular to each other, and thesn
are right angles. In Figure 3-4, line CO is perpeular to line AB, and angles BOC and AOC aretigh
angles. The small square at the point where tigs Imeet is used to indicate that a right andiermed
by the two lines.

C

Right-angle
/ symbol
O

A . 8

Figure 3-4. Right angles

b. Related Angles. General relationships betwasggles are shown in Figure 3-5, page 3-4.
When two combined angles are equal to a right anlgdsy are called complementary angles. In Figure
3-5, angle AOC is a right angle, and angles AOB BOG@C are complementary angles. Angle AOB is
the complement of BOC, and angle BOC is the compternf AOB. When two combined angles are
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equal to a straight angle, they are called suppi¢ang angles. In Figure 3-6, angle AOB is a straig
angle, and angles AOC and BOC are supplementatg@angngle AOC is the supplement of BOC, and
angle BOC is the supplement of AOC. When two limésrsect, the opposite angles are called vertical
angles. In Figure 3-7, angles AOD and BOC areicadrangles, and angles AOC and BOD are also
vertical angles.

c c
B
o A B - A
Figure 3-5. Complimentary angles Figure 3-6. $amppntary angles
cC B
O
A D

Figure 3-7. Vertical angles

3-3. Measuring Angles Measuring angles is important in calculations $mrveying problems.
Degrees (°) are used for angle measurements. dulandegree is 1/360th of a circle. The degree is
further divided into minutes (') and seconds ("thv60 minutes in 1and 60 seconds in 1 minute.

3-4. Generating Angles You can generate an angle by rotating a linghasvn in Figure 3-8. Rotate
line OP in a counterclockwise direction about pdntstarting from line AO. By this action the amgl
AORP is generated. When line OP is at one-quaftarrevolution, it is perpendicular to line AO, aad
right angle is formed. When you rotate line OP plately around the circle, it generates four right
angles (369. Thus, the total angular magnitude about a poiatplace is equal to four right angles.
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AN

Figure 3-8. Generating an angle
PART C - TRIANGLES

3-5. General Information. A portion of a plane that is bounded by thremight lines is a plane

triangle, or simply a triangle. The lines that bduhe triangle are called its sides, and the stitheir
lengths is its perimeter.

a. An angle that is formed within a triangle by dwo sides is called an interior angle. An
angle that is formed outside a triangle by any side the extension of another side is called aerext
angle. Interior and exterior angles of a triangte shown in Figure 3-9. Whenever the angles of a
triangle are mentioned, the interior angles areregiced unless otherwise specified. The intengies
that are not adjacent to a given exterior anglecalled opposite interior angles.

C

Opposite
interior
angles |

interior

Exterior
angle
angle ~ /

A B

Figure 3-9. Angles

b. One side of a triangle is usually drawn as rzbatal line with the other two sides above it.
The bottom side is then called the base of thagtégg as shown in Figure 3-10, page 3-6. Howesy,
side of a triangle can be designated as its baskjtas not necessary to draw it at the bottonthef
figure. The angle opposite the base is calledvéneex angle, and the vertex of this angle is dalles
vertex of the triangle. The perpendicular distafroen the vertex of a triangle to its base, or to a
extension of its base, is called the altitude eftitangle. The side of a triangle that is oppoaitright
angle is called the hypotenuse.
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Vertex

Altitude
Altitude

Base Base

Figure 3-10. Sides and altitude
c. The general types of triangles are shown inféi3-11. They are as follows:
(1) An acute triangle has interior angles thatlese than right angles.
(2) Aright triangle has one right angle and twata angles.
(3) An obtuse triangle has one obtuse angle andatwte angles.
(4) An isosceles triangle has two equal sidestamadequal angles.

(5) An equilateral triangle has three equal sided three equal angles and is sometimes
called an equiangular triangle. All of the anglgthin an equilateral triangle are less than righgles;
therefore the equilateral triangle is also an atnigegle.

d. Obtuse and acute triangles are often calledjwbltriangles to distinguish them from right
triangles. Triangles with three unequal sidescatked scalene triangles.

Acute Right Obtuse
triangle triangle triangle
Isosceles Equilatera! (Equiangular)
triangles triangle

Figure 3-11. Types of triangles
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PART D - POSTULATES
3-6. Basic Concepts of Postulates Fundamental principles of geometry that dependpersonal
observation and must be taken without proof arledadostulates. Postulates are used to develep rul

for other branches of mathematics and to prove naamlgmetic and algebraic relationships. The basic
postulates are that-

a. A straight line is the shortest distance betwe® points.

b. Only one straight line can be drawn betweerstime two points.
c. Two straight lines cannot intersect at more thae point.

d. A straight line may be extended indefinitely.

e. A straight line may be drawn from a point ty ather point.

f. A geometric figure may be moved from one positio another without any change in form
or magnitude.

g. Allright angles (90° angles) are equal.

h. All straight angles (180° angles) are equal.

I. Only one perpendicular line can be drawn fropoat in a line in a plane.

J- Only one perpendicular line can be drawn fropoat outside a line in a plane.

k. Two adjacent angles which have their exteriates in a straight line are called
supplementary angles.

l. The sum of all angles about a point on one sida straight line in a plane is equal to two
right angles (180°).

m. The sum of all angles about a point in a plaregual to four right angles (360°).

n. Angles that have the same supplement are egpuhlangles that have the same complement
are equal.

0. Vertical angles are equal.
p. A line segment can be bisected in only onetpoin
g. An angle can be bisected by only one line.

r. The sides of a square are equal.
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s. Only one circle can be drawn with a given pasicenter and a given distance as radius in a
plane.

t. All radii of the same circle or of equal cirslare equal.
u. All diameters of the same circle or of equatless are equal.

v. A straight line can intersect a circle at ohlyo points. If the two points coincide, the
straight line is tangent to the circle.

w. A circle can intersect another circle at omptpoints.
X. A diameter bisects a circle.
y. Only one line parallel to a given line pasdesuagh a given point.

3-7. Superposition Two geometric magnitudes that coincide exaatligen one is placed upon the
other, are equal. This method of establishing Egua called the method of superposition. Ingiree

you will not actually move the geometric magnitudeg merely compare them mentally. If you
conceive that one straight line can be placed wymther straight line so that the ends of bothade)

the lines are equal. If you determine that oneleangn be placed over another angle so that their
vertices coincide and their sides go in the samections, the angles are equal. If you determinag t
one figure can be placed upon another figure sbth&y coincide at all places, the figures are équa
Figures that coincide exactly when superposed@mngraent.

PART E - THEOREMS FOR LINES, ANGLES, AND TRIANGLES

3-8. Basic Concepts of Theorems and CorollariesA geometric rule that can be proved by using
postulates, illustrations, and logical reasoningalied a theorem. A secondary rule whose truthlza
easily deducted from a theorem is called a compllavou can use theorems and corollaries to solve
geometric problems without having to use the bedationships that are established by the postulate

3-9. Theorems for Lines The following theorems show the relationshipnesn straight lines in the
same plane.

a. Theorem 1. Only one perpendicular line cardiasvn from a given line to a given point
outside that line. A corollary for this theorentlgt a perpendicular line is the shortest ling taen be
drawn from a given line to a given point.

b. Theorem 2. Two lines in the same plane anggrelicular to the same line are parallel.

Therefore, if a straight line is perpendicular tee®f two parallel lines, it is also perpendicuiarthe
other. This relationship is shown in Figure 3-12.
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c -
A y B
F

Figure 3-12. Parallel lines cut by a perpendiculaline

c. Theorem 3. If two parallel lines are cut byransversal, the alternate interior angles are
equal. Therefore, when two lines are cut by asivarsal and one pair of alternate interior angtes a
equal, the two lines are parallel. In Figure 3-li8e¢s AB and CD are parallel and line EF is the
transversal. Interior angles r arfcare equal, and interior angles s ahdre equal.

Figure 3-13. Parallel lines cut by a transversal

d. Theorem 4. Straight lines that are paralleth®m same line are parallel to each other. In
Figure 3-14, if line CD is parallel to AB and liid= is parallel to AB, then line CD is parallel t&.E

E F
C D
A B

Figure 3-14. Parallel lines

e. Theorem 5. Any point on a perpendicular bmeof a line segment is equidistant from the
extremities of the line segment. The distancemfemy point not on the perpendicular bisector ® th
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extremities of the line segment are unequal. Q405 shows that line AC is equal to BC and ling A
is equal to BD, but line AE is not equal to BE.

Figure 3-15. Points equidistant from line segmergxtremities

3-10. Theorems for Angles The following theorems show the relationshiptwb angles whose
respective sides are either parallel or perpenralidol each other.

a. Theorem 1. If two angles have their sidesaeygely parallel, the angles are either equal or
supplementary, as shown in Figure 3-16. Lif€'€is parallel with AC, and line B’ is parallel with
AB. Angle B'A'C' is equal to BAC, and angle'B'C" is the supplement of'B'C'; therefore, angle
B'A'C! is also the supplement of BAC.

Figure 3-16. Parallel sides

b. Theorem 2. If two angles have their sideseesgely perpendicular, the angles are either
equal or supplementary, as shown in Figure 3-1ine IC'C' is perpendicular to AC, and line'Bl is
perpendicular to AB. Angle ®'C! is equal to BAC, and angle'B'C* is the supplement of'B'C";
therefore, angle B\'C*' is also the supplement of BAC.
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Figure 3-17. Perpendicular sides

c. Theorem 3. Every point on an angle bisecteqisidistant from the sides of the angle. The
distances from a point not on the angle bisectthécsides of the angle are unequal. Figure 3ad8&s
that line AB is equal to BC and line DE is equaB®, but line GP is not equal to PH. A corollaoy f
this theorem is that all points within an anglet i equidistant from its sides lie in the angéetior.

G /‘A.ngle
bisector

p

Figure 3-18. Points equidistant from the sides @in angle

3-11. Theorems for Triangles The following theorems are for the basic relagiops of the angles
and sides of a triangle.

a. Theorem 1. The sum of the angles of a triargyégual to two right angles. This theorem
can be proved by using the illustration shown guiFé 3-19, page 3-12. Line AB is extended to [@, an
line BE is parallel to AC. Angle ris equal to and angle t is equal to u. Since angle s pluseamglus
angle w equals 180°, angle r plus angle t pluseamsghlso equals 180° or two right angles. The
following corollaries can be developed from thisghem:

(1) The sum of the two acute angles of a righingyle is equal to a right angle.

(2) A triangle cannot have more than one righti@og more than one obtuse angle.
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(3) The third angles of two triangles are equahéd two angles of one triangle are equal to
the two angles of the other triangle.

(4) The right triangles are equal if the side telacute angle of one triangle are equal to the
corresponding side and the acute angle of the ttihegle.

(5) Any exterior angle of a triangle is equalte sum of the two opposite interior angles.

C ’E
L
t . "
u ,°
r s ’---'-'II.--
A B D
Lr=Lw
Zt=LZu
Zr+ 25+ 2t=1800

Figure 3-19. Sum of angles equal 180°

b. Theorem 2. Any side of a triangle is less ttl@nsum of the other sides. This theorem can
be proved by using the postulate in paragraph 3Aashown in Figure 3-20, side AB is a straigheli
and the other two sides, AC and CB, form a bet liatween points A and B.

Large
Short < vl anggle
side -\ Small
iangle
A B
Long side
AB< AC+(CB

Figure 3-20. Relative sizes of angles and sides
c. Theorem 3. If two sides of a triangle are équne angles opposite these sides are equal, as

shown in Figure 3-21. Conversely, if two anglesdfiangle are equal, the sides opposite theslesang
are equal. The following corollaries can be deatifrem this theorem:
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Figure 3-21. Two equal sides
(1) An equilateral triangle is also an equiangtiangle.

(2) The bisector of the angle opposite the unequdé¢ of an isosceles triangle is the
perpendicular bisector of the base line.

(3) The perpendicular bisector of the unequal sidean isosceles triangle bisects the
opposite angle.

d. Theorem 3. If one side of a triangle is longfemn another side (short side), the angle
opposite the long side is greater than the angposife the short side. This relationship is shamvn
Figure 3-20.

3-12. Theorems for Triangle Bisectors, Altitudes, @d Medians. The following theorems are for the
relationships of the triangle bisectors, altitudas] medians.

a. Theorem 1. If a line is parallel to one sid@ driangle and bisects the other two sides, it is
half as long as the side to which it is parallel.Figure 3-22, line DC is parallel to AB, line E€equal
to BC, line ED is equal to AD, and line DC is oraftihe length of AB.

E BC = EC
DC = 1/2 AB

C

Figure 3-22. Line parallel to one side and bisectg the other two sides
b. Theorem 2. Perpendicular bisectors of thessidiea triangle meet in a point that is
equidistant from the three vertices of the triangle Figure 3-23, page 3-14, point P is where the
perpendicular bisectors meet.
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Perpendicular
bisectors AP =BP=CP

Figure 3-23. Perpendicular bisectors

c. Theorem 3. The altitudes of a triangle meet point. In Figure 3-24, point P is where the
altitudes meet.

Altitude

Figure 3-24. Altitudes

d. Theorem 4. The angle bisectors of a triangdetrm a point that is equidistant from the three
sides. Figure 3-25 shows that the angle bisectioagtriangle meet at point P. Perpendicular lifnem
the sides (XP, YP, and ZP) are of equal length.

Angle C XP = YP = ZP
bisectors
N/ \d

zZ

Figure 3-25. Angle bisectors

e. Theorem 5. The medians of a triangle meetpatirat that is two-thirds of the distance from
each vertex to the midpoint of the opposite sige, Bigure 3-26. A median is a line from the vettex
the midpoint of the opposite side of a triangleainPP is called the centroid of the triangle bessathis
point is the center of gravity.
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CP = 2/3CX

c AP = 2/3AY

O

X

NN

A

Figure 3-26. Medians

3-13. Theorems for Congruent Triangles The following theorems can be used to determinether
two triangles coincide exactly when superposed.

a. Theorem 1. Two triangles are congruent if siges and the included angle of one triangle
are equal to two sides and the included angleebther triangle, as shown in Figure 3-27.

Figure 3-27. Triangles with two sides and the inabded angle equal

b. Theorem 2. Two triangles are congruent ifde €ind the adjacent angles of one triangle are
equal to a side and the adjacent angles of the tthegle, as shown in Figure 3-28, page 3-16.
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Lr_ Lr
£Ls= Ls

N4

Figure 3-28. Triangles with a side and adjacent ajles equal

c. Theorem 3. Two triangles are congruent if theee sides of one triangle are equal,
respectively, to the three sides of the other ¢ianas shown in Figure 3-29.

A=A1
B=B:
C=C
c B B’ c!
A Al

Figure 3-29. Triangles with three sides equal

d. Theorem 4. Two right triangles are congruétite hypotenuse and a leg of one triangle are
equal to the hypotenuse and a leg of the otherglea as shown in Figure 3-30.

A=A1
c=c
c 1
A
A

Figure 3-30. Right triangles with two ides equal

3-14. Theorem for the Sides of a Right Triangle The square of the hypotenuse of a right triaigle

equal to the sum of the squares of the other tdessi This relationship is known as the Pythagorean
theorem.
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a. The Pythagorean theorem can be proved by ubmgllustration shown in Figure 3-31.
Examples are as follows:

Figure 3-31. Any right triangle

(1) Line AE is equal to AB and line Al is equal &&C of triangles CAE and IAB because
these lines are the sides of the squares.

(2) Angles EAC and BAI are equal.

(3) Triangles EAC and BAI are equal.

(4) AC is the altitude and Al is the base of bsglmare AIHC and triangle AIB.

(5) The area of triangle AIB is one-half the aoéaquare AIHC.

(6) AD is the altitude and AE is the base of battangle AKJE and triangle ACE.

(7) The area of triangle ACE is one-half the avéeectangle AKJE. Therefore, the areas of
rectangle AKJE and square AIHC are equal.

(8) Line BD is equal to AB and line BC is equalB#& of triangles CBD and FBA because
these lines are the sides of the squares.

(9) Angles CBD and FBA are equal.
(10) Triangles CBD and FBA are equal.
(11) BC is the altitude and FB is the base of [sofirare FBCG and triangle FBA.

(12) The area of triangle FBA is one-half the avéaquare FBCG.
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(13) BKis the altitude and BD is the base of h@ttangle BDJK and triangle CBD.

(14) The area of triangle CBD is one-half the avéeectangle BDJK. Therefore, the areas of
rectangle BDJK and square FBCG are equal.

(15) The area of square ABDE is equal to the sfithe areas of the two rectangles (AKJE
and BDJK). Therefore, the area of square ABDHss aqual to the sum of the two squares (AIHC and
FBCG).

b. A special case of the right triangle, whereheside can be divided into an integral number of
basic units, is shown in Figure 3-32. The lengtlside A is three units, the length of side B isiffo
units, and the length of the hypotenuse (side @iyésunits. This triangle, called a 3-4-5 righahgle,
is often used to mark out long sides with an inetlidight angle. Triangles with sides that are iplas
of 3, 4, and 5 (such as 15, 20, and 25) are alssidered to be 3-4-5 right triangles. There aheot
right triangles whose sides can be divided intanéggral number of basic units, one of which haesi
that are 5, 12, and 13 units long. However, the3triangle is the easiest to remember and thé mos
commonly used.

\A
| 7
Aﬂ
¢
Cz =K +8

]
? 25=9+16
'

Figure 3-32. Right triangle

3-15. Theorems for Similar Triangles The corresponding angles of similar triangles aqual.
Equal triangles are similar, but similar triangégs not necessarily equal. The important relabigmef
similar triangles is that a direct proportionaligxists between corresponding sides. The following
theorems can be used to determine whether triaagéesimilar.

a. Theorem 1. A line parallel to one side ofiangle and intersecting the other two sides
divides these two sides proportionally. This ctindiis shown in Figure 3-33, in which the followgin
proportion exists:

AD : DC=BE: EC
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Conversely, if a line divides two sides of a triengroportionally, it is parallel to the third side

A

A B

Figure 3-33. Line parallel to one side

b. Theorem 2. If the three angles of one triargle equal to the three angles of another
triangle, the triangles are similar. Similar tigées are shown in Figure 3-34. Since the sum ef th
interior angles of a triangle is 180°, the follogioorollaries can be developed from this theorem:

LA=LD=4LG
£B=gE=2H
£C=gF=2]

A I

A N ANYAY

Figure 3-34. Equal angles

(1) Two triangles are similar if two angles of dnangle are equal to the two corresponding
angles of the other triangle.

(2) Two right angles are similar if an acute argfl@ne triangle is equal to an acute angle of
the other triangle.

c. Theorem 3. Two triangles are similar if th&isles are respectively parallel or if their sides
are respectively perpendicular. When this condigaists, the corresponding angles of the two gites
are similar.

d. Theorem 4. In a right triangle, if a perpendhc line is drawn from the vertex of the right

angle to the hypotenuse, the resulting two trismglee similar to the original triangle, and theg ar
similar to each other. This relationship is shawfkigure 3-35, page 3-20.
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e. Theorem 5. In a right triangle, if a perpentiic line is drawn from the vertex of the right
angle to the hypotenuse, the perpendicular lintheésmean proportion between the segments of the
hypotenuse. The following proportion can then loit@n for the right triangle shown in Figure 3-35:

AD:CD=CD:DB

ZA= <BCD
B = ACD
2C= £LADC= _BDC

Figure 3-35. Right angles

3-16. Theorem for the Area of a Triangle The area of a triangle is equal to one-halfgreduct of

its base and its altitude. This theorem can bergutowith the aid of Figure 3-36, which shows a
parallelogram (ABCD) whose sides are parallel to sides of triangle ABC. Triangles ABC and ACD
are equal; therefore, the area of triangle ABCnis-balf the area of parallelogram ABCD. The arka o
parallelogram ABCD is the product of triangle ABBase and altitude.

Area=

(AB) (CE)
2

Figure 3-36. Area of a triangle

3-17. Equating like quantities By using the theorems for similar triangles, y@un often determine
distances that cannot be readily measured diredtlyr example, the antenna reflector in Figure 3-37
casts a shadow on the ground that is 35 feet ®m@lom a point directly beneath the antenna pale.
the same time, a yardstick in a vertical positiasts a shadow that is 1 foot 2 inches in lengtimceS
light from the sun strikes both the antenna polt tue yardstick at the same angle, angles C drateC
equal, and triangles ABC and'B'C' are similar. Using the skills of equating likeadjties that you
learned in Lesson 2 under Ratios and Proportietg)sthe problem as follows:
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Then, substituting known values and solving for h:

h 3x12
3575 (12+2)
35.75 x 36

14
h =92 feet

h=

Antenna
reflector

I Yardstick

Shadow h 1
Shadow \C
L A1 h\l
A ‘
B I"s1 81

Figure 3-37. Height of antenna reflector
PART F - REVIEW OF GEOMETRY

3-18. Reviewing Geometric Principles While the actual use of geometry in solving swying
problems is somewhat limited, many of its termsstplates, theorems, and corollaries have an
important bearing on trigonometric computation.e Thangle, as you know, plays a very important par
in the profession of surveying. For that reasbe, following paragraphs will reference you back to
pertinent portions of the text in this lesson.

a. In paragraph 3-1, various terms useful in sghgeometric problems were defined. Among
these were a point, lines (both straight and cyr\vead flat surfaces. Careful analysis showed bt
lines and surfaces were actually generated by at pooving in a straight or a constantly changing
direction. In one sense, a line could be consdiassthe edge view of a flat surface; thus, agttdine
could very well be one edge of a flat plane whileuaved line could represent one edge of a curved
surface.

In plane geometry, a flat plane can be developenhdwying a straight line in a direction 90° to iengjth

or by fixing one end of the straight line and swnggits free end a designated distance. By such
controlled movement, a segment of a circle thadedipresembles a triangle or a complete circlen(lodt
which are flat planes) can be generated from agéirdine. The distance that such a straight Ime
allowed to swing in an arc is measured in specgigbwhich are known as degrees, minutes, or second
Each of these measurement units is useful whenuriegor determining the size of an angle.
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b. An angle is ordinarily thought of as being fechby the junction of two straight lines that
may or may not continue beyond the junction. #& tines do continue, then the two opposite angles a
the vertex are known as vertical angles. Thisasitnn was illustrated in Figure 3-7. When the times
intersect each other at 9Q@hen four equal angles are formed and are knawigat angles. The two
right angles sharing a common side and vertex aosvk as supplementary angles. The opposite or
exterior sides of the two right angles form whakn®wn as a straight angle. Each pair of rightles)g
sharing a common side, can also be called adjaceyies.

c. To solve many of the geometric problems, cernpainciples have to be taken as they stand
and without proof . Based on personal observatlmse principles or postulates should be firmbgdi
in your mind. There are 25 postulates in all, #imgly are listed in paragraph 3-6. To aid you in
analyzing geometric problems, you can use the pagéion method, which allows you to compare by
superposition two lines, angles, or figures to aetee whether they are equal or congruent.

d. Solving geometric problems is largely basedusimg theorems and corollaries. The latter
term refers to a secondary rule whose truth careéeily derived from a theorem. For convenienke, t
theorems that are commonly used in plane geometvg been grouped together. Thus, the previous
text includes eight theorems which are essentiaddlwing problems that involve lines and angles.
These eight theorems are listed under paragraghsaisd 3-10; other theorems that aid in solving
triangles are given in paragraphs 3-11 through.3-16
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LESSON 3
PRACTICE EXERCISE

The following items will test your grasp of the mahl covered in this lesson. When you have
completed the exercise, check your answer withatiever key that follows. If you answer any item
incorrectly, study again that par which contaires plotion involved.

1. If side A of a triangle is 18 units, side B & @nits, and side C is 30 units, this trianglesiermred
to as a

95 unit triangle
Base 5 triangle
Hypotenuse triangle
3-4-5 triangle

oow>

2. The small | at point 1 is called

A. Point of intersection

B. Angle symbol
C. Right-angle symbol
D. Square unit symbol 1
3. is generated by a point in motion.
A. A plane
B. A line
C. A angle
D. A surface
4. Fundamental principles of geometry that dependpersonal observation and must be taken

without proof are called

Postulates
Theorems
Theories
Assumptions

0w

5. Lines that bound a triangle are called

Sides

Interior and exterior angles
Bisectors

Reentrant angles

0w
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LESSON 3
PRACTICE EXERCISE
ANSWER KEY AND FEEDBACK
Item Correct answer and feedback

1. D 3-4-5 triangle
A special case of...(page 3-18, para 3-14b)

2. C Right-angle symbol
The small square at...(page 3-3, para 3-2a andd-igy4)

3. B A line
A line is generated by...(page 3-1, para 3-1)

4. A Postulates
Fundamental principles of geometry...(page 3-7a [3a6)

5. A Sides
The lines that bound the...(page 3-5, para 3-5)
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LESSON 4

TRIGONOMETRY

OVERVIEW

LESSON DESCRIPTION

In this lesson, you will learn how to use trigondme

TERMINAL LEARNING OBJECTIVE

ACTION: You will be taught how to use trigonometrnysurveying operations.
CONDITION:  You will be given the material containedthis lesson.
STANDARD: You will correctly answer the practiceezgise questions at the end of this lesson.

REFERENCES: The material contained in this less@s werived from TM 5-232, FM 5-233,
NAVEDTRA 10696, CDC 3E551A, and Appendix C of tlN€CP.

INTRODUCTION

Surveyors work almost daily with the triangle im&ying vast expanses of land. In doing so, they u
a network of triangles, which is known as triangiola The sides and angles of a plane trianglesare
related that given any three parts, provided atleae of them is a side, the shape and size ridragte
can be determined. This science, which is caltggbriometry, is both geometric and algebraic in
nature. This branch of mathematics deals with admg unknown parts. It begins by showing the
mutual dependence of the sides and angles inrayleiaand, for that purpose, employs the ratio ef th
sides in a right triangle. It is based on the praps of similar triangles and is applied whenewagles
enter into the solution of the problem. Becaugmtrometry deals primarily with angles, it is nexay
for the surveyor to have a clear conception ofntleaning and the measurement of angles.

PART A - ANGLES

4-1. Defining Angles An angle is defined as the figure formed byithliersection of two lines at one
point. The point is called the vertex of the anglde two lines forming the angle are called tides or
legs of the angle. The angle, as it applies gotrometry, is read by designating the capital gitaced
at the vertex. The mathematical symbol for thedramgle is simply a sme<£. The size of magnitude
of an angle is determined by
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the difference in direction of the two sides. Thige is measured in degre€$, (minutes ('), and
seconds (").

a. The minutes are subdivisions of a degree. elasx 60' in 1 The seconds are a subdivision
of the minutes. There are 60" in 1' and 3,6001°%n Seconds are usually subdivided into tenths and
hundredths of a second and are always express#gtasal fractions of a second.

b. The basis of all angles is the circle, whichtains 360. The four ways 360may be written
are as follows:

« 360

« 360 00" 00"
+ 359 59' 60"
« 0°00'00"

It should always be remembered that each of theiteénand seconds columns must have at least two
figures; therefore, many times a zero must be adadédtbnt for a single digit or two zeros must be
added to denote no minutes or seconds.

4-2. Computing Angles The division of an angle is done by dividing thember into degrees,
minutes, and seconds. The important point to relpeerm the first portion of this process is that 1
equals 60' and when there are degrees remainieg tatt initial division, they must be converted to
minutes before carrying them over to the minutdaroa. As shown in the example below, 3 will go
into 10 3 times, leaving a remainder df. 1Before making the second division, thfsmust be changed
to 60" and added to the number of minutes in tiggrnad problem.

a. The original problem shows 32'. Add 60’ (thenainder of 1) to 32', which results in a sum
of 92. Divide 92 by 3, which will go 30 times wighremainder of 2'.

Example: Divide 10° 32' 14" by 3.

Solution:
03° 30 44.7" 0.66 .66 Rounded = .7
g0 120" 3[2.00
3 [10° +32° +14" 1.8
g =92 =134 .20

90 12

Ep 14
=120" 12
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b. Since there are 60" in 1 minute, this same gs®anust be repeated for any remaining
minutes after the second division. Therefore, ghathe 2' remainder to 120" and add it to 14" (the
seconds shown in the original problem), which rssim a sum of 134". Divide 134" by 3, which will
go 44 times with a remainder of 2". By convertthg remainder to a decimal fraction (2/3 of a meénu
equals 0.67 or rounding off to 0.7), you arrivahegt answer desired. If there are no degrees outesn
to be carried over, straight division is performed.

c. There will be times when the same angle mustidssl in field computations a number of
times. The simplest way to multiply an angle byuanber is to perform each of the following steps:

* Multiply the seconds by the number to determireetttal number of seconds.
* Multiply the minutes by the number to determine tbtal number of minutes.
* Multiply the degrees by the number to determirgettdtal number of degrees.

Example: Multiply 13° 59' 36" by 4.

Solution:
13 59 36"
x4
52 236" 144"
3 2
ﬁNaa' \
3 2
sol 238" 0l144"
180 120
35° 58 24" Solution-> 55" 58 24"

d. If there are more than 59 seconds in the sat@bnds, the minutes must be extracted from the
seconds. This is done by dividing 60, the numidesezonds in 1 minute, into the total number of
seconds. The quotient represents the number aftesrncontained in the seconds, and the remainder
represents the odd number of seconds. This prosaspeated to extract the degrees from the total
minutes if there are more than 59 after addingnireutes found in the seconds column. If thereaarg
degrees contained in the minutes after they haee ba&tracted, they are added to the total amount of
degrees previously determined.

4-3. Converting Angles Converting degrees, minutes, and seconds tedse@nd decimal parts of a
degree is done in the following manner:

» Divide the seconds by 60 to convert them to delpags of a minute.
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* Add the quotient to the minutes, and divide thimsby 60 to convert it to decimal parts of a
degree.

* Add the quotient to the degrees; the sum beingctireverted form of degrees, minutes, and
seconds.

Example: Convert 23° 13' 45" to a decimal fraction.

Solution:
23 13' 45"
7 0.22917 23.22917  Solution->» 23.22917°

60 45.005\52! 13.75
420 120
300 175
300 120
) 550
540

100

80

40

a. The conversion of degrees and decimal parésdd#gree to minutes and seconds is done in
the following manner:

» Multiply the decimal by 60 to convert it to minstand decimal parts of a minute.
* Multiply the decimal par of a minute by 60 to cenvit to seconds.
The result obtained is degrees, minutes, and second

Example: Convert 32.682 to degrees, minutes, and seconds.

Solution:
32.682
.68
x 60
40.80
.80
X 60
48.00
Y i .
32 4 8 Solution-»32° 40" 48"

b. As you will discover, there will be many occass when two or more angles must be added
together. The addition of two or more angles isedm the following manner.
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* Add the seconds together.
* Add the minutes together.
* Add the degrees together.
Example: Add the following.
Solution:
31° 42 36"
24° 21 4r
84° 59’ 59"

31° 03 15"
170 125 157"
12

7 ol
x 120 Step 1.
127

Step 2. 120
| i
172 7 37 Solution-»172° 07" 37"

c. After the answer has been reached, the mimatest be extracted from the seconds and the
degrees must be extracted from the minutes (ikthee any) by dividing by 60.

d. The mean angle of two or more angles is detexthby combining the processes of addition
and division in the following order:

* Add all the degrees, minutes, and seconds.

» Divide the sum by the number of angles.
The quotient is the mean angle.

Example: Find the mean angle.
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Solution:

136° 45 59"
140° 56' 47"
138° 33 28"
139° 21 25"
553° 155' 159"
60 J 180 /
138 | 155 159 138° 53 84.75"
41553 215 41215 339 4i339 +1 -60,
4. 20 2. Solution—> 138° 54 24.75"
15 15 19
12 .é i6
33 3+:4=75
0 4180"
X =60'

e. Accurately subtracting two or more angles isngportant step in computing the length of the
forward and back azimuths of a geodetic line basethe known geodetic positions of the ends of the
line. This process is known as inverse-positiomgotation. Here are some precautions to observe.

(1) If the minuend is larger than the subtrahesudbtraction is performed. But keep in mind
when borrowing degrees or minutes that there aré@0 and 60" in 1', and they must be carried over
in this manner.

Example: Subtract 254° 15' 10" from 435° 20" 59".
Solution:
435 20' 59"
-254 15'10"
181° 05' 49"
(2) If the minuend is smaller than the subtrah@&ff must be added to the minuend. This
may be done without actually changing the valutghefangle, as may be illustrated by an angle formed

by two radii of a circle.

Example: Subtract 94° 59' 59" from 32° 41' 30".
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Solution:

Minuend
360°=359° 59' 60"
Gz 4t 30D+ 360°— o Ay ape

T
Subtrahend 297° 41 3t

f. If one radius is held stationary and the otisemoved 360, it will return to its original
direction without increasing or decreasing the nitagle of the angle. This principle, after addir@ép3
to the minuend, will allow you to perform straighitbtraction.

PART B - TRIGONOMETRIC FUNDAMENTALS

4-4. Functions of Acute Angles Understanding trigonometric fundamentals is ®t$sleto studying
surveying, map making, map reading, astronomy, gaiin, and many other engineering subjects
where objects are represented by drawn figuregegaen exact locations. Trigonometry primarily
deals with measuring angles and distances. Asveyur, you will be apply the principles for solgia
right triangle to obtain the indirect measuremdrdargles and distances.

a. In Figure 4-1, note that the triangle's angles identified by capital letters, and the sides
opposite each angle are identified by the samerlaihly in small print. A general method of
identifying the sides of a right triangle is by igig them names in reference to the angles. Rateta
the acute angle A in Figure 4-1, side a is knowrhasside opposite and side b is known as the side
adjacent. With reference to the acute angle B bids the side opposite and side a the side adjace
The side opposite the right angle (c in this c@sajways known as the hypotenuse.

in reference to angle A:
a = Side opposite
b = Side adjacent
¢ = Hypotenuse

In reference to angie B:
b = Side opposite
a = Side adjacent

a ¢ =Hypotenuse

Figure 4-1. Triangle relationships
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b. Referring to Figure 4-1, you will see that the following six ratios may be written

for the sides of a right triangle: 3,2 acs andk. In Figure 4-2 the sides are extended
cchba a

to produce the triangle AB1C1 with sides alblcl. By using the rule of similar triangles,
you may set up the following proportion for this triangle.

AB ABI

AC  Acl

Figure 4-2. Similar triangles

c. Looking at the proportion, note that the difiece in the triangle's size does not affect the
ratio of the hypotenuse to the base. The ratithessame for all right triangles with the same acut
angle. In any right triangle, the ratio of any twides depends only on the size of the relatedeacut
angle. Therefore, this rule can be applied tosikeatios written above; however, their valueseatep
on the size of the angle.

d. To differentiate between and clearly identify each ratio, note the special names
given to them in Table 4-1 (see Figure 4-2 to find the pertinent side and angle). In Table 4-

1, the ratio % is the sine of A and also the cosine of B. Similarly, % is the cosine of A and

the sine of B, and the same will hold true for all the other ratios. Therefore, you cannot

learn these ratios as %,—E acce or 2 , but they must be memorized as side adjacent
a

'b’a’b’ hypotenuse

and so on.
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Table 4-1. Special names for ratios

Considering Angle A Considering Angle B
side opposite a side adjacent
3 _ZK° oPPoT . sinA A e —cosB
¢ hypotenuse ¢ hypotenuse
b - side adjacent =cos A b - side opposite —sinB
¢  hypotenuse ¢ hypotenuse
a_ s!da opPos:te =tan A a_ s!da ad]ace_nl = cotB
b side adjacent b side opposite
c  hypotenuse ¢ _ hypotenuse
s = - =5 B
a side opposite a side adjacent
¢ __hypotenuse ¢ _ hypotenuse _
b~ side adjacent b~ side opposite
b _ side adjacent _ co b _ side opposite _
a side opposite a side adjacent
NOTE:
Sin = sine Sec = secant
Cos = cosine Csc¢ = cosecant
Tan = tangent Cot = cotangent

4-5. Functions of Trigonometry. If A is any given angle, a set of values caméermined for the six
ratios. Because they will vary with the changed\jrthe sine A, cosine A, tangent A, cotangent A,
secant A, and cosecant A are functions of A andspegifically referred to as trigopnometric functon
See Appendix C for the Natural Trigonometric-Fuoies Tables.

a. In general, the decimal form of a function isemdless decimal. By the use of advanced
mathematics, an angle's function can be computed tnany decimal places as desired. In any tdble o
function values, the error in any entry is at mose-half of a unit in the last place. A natural
trigonometric-functions table may show 4 to 10 plaalues and is easy to use. Because of the
complementary relationship of the acute anglesrigta triangle, that is, sine A = cosine (90-AXaso
forth, each entry in a natural trigonometric-funas table serves a dual purpose and, consequtdly,
table is only one-half as large as it otherwise hde.

b. Figure 4-3, page 4-10, is an example of a ahtuigonometric-functions table. From this
table, find the sine 320" using the procedures below:

Locate the page with 3zt the top.
* Find the sin and cos columns undef.32
* Locate the word minutes at the left of the paG®ing down this column, go to 20'.

* Go right across this line to the sin column. Ehgou will find 0.53484, which is the sine
of 32° 20
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32 Degrees
Minutes Sin Cos Tan Cot
¢} 0.52992 0.84805 062487 1.60033 60
1 0.53017 0.84789 0.62527 1.59930 59
2 0.53041 0.84774 0.62568 1.59826 58
3 0.53066 0.84759 0.62608 1.58723 57
4 0.53081 0.84743 0.62649 1.59620 56
5 0.53115 0.84728 0.62689 1.59517 55
3 0.53140 £.84712 0.62730 159414 54
7 0.53164 084697 082770 155311 53
8 0.53189 0.84681 0.62811 1.59208 52
] 0.53214 0.84666 0.62852 1.59105 51
10 0.53238 0.84650 0.62892 1.59002 50
t1 0.53263 0.84835 0.62933 1.58900 49
12 0.53288 0.84619 0.629713 1.58797 48
13 0.53312 0.84604 0.63014 1.58695 47
14 0.53337 0.84588 0.63055 1.58593 46
15 0.53361 0.84573 0.63095 1.58490 45
16 0.53386 0.B4557 0.63136 1.58288 44
17 0.53411 0.84542 063177 1.58286 43
18 0.53435 - D.84526 0.63217 1.58184 a2
19 0.53460 0.84511 0.63258 1.58083 41
20 0.53484 0.84495 0.63299 1.57981 40
21 0.53508 0.84480 0.63340 1.57879 as
22 0.53534 0.84464 0.63380 1577718 38
23 0.53558 0.84448 0.63421 157676 37
24 0.53583 0.84433 0.63462 1.57575 36
25 0.53607 084417 0.63503 1.57474 35
26 0.53832 0.84402 0.63544 1.57372 34
27 0.53656 0.84386 063584 1.57271 33
28 0.53681 0.84370 063625 1.57170 a2
29 0.53705 0.84355 0.63666 1.57069 3
30 0.53730 0.84339 063707 1.56869 0
N 0.53754 0.84324 063748 1.56868 29
32 0.53779 0.84308 0.63789 1.56767 28
33 0.53804 0.84292 0.63830 1.56867 27
34 0.53828 0.84277 0.63871 1.56566 26
35 0.53853 0.84261 0.63912 1.56466 25
36 0.53877 0.84245 063953 1.56366 24
37 0.53502 0.84230 0.53994 1.56265 23
38 0.53926 0.84214 0.64035 1.56165 22
39 0.53951 0.84198 0.64076 1.56065 21
40 0.53973 0.84182 0.64117 1.55966 20
41 0.54000 0.84167 064158 1.55866 19
42 0.54024 0.84151% 0.64199 1.55766 18
43 054049 0.84135 0.64240 1.55666 17
44 0.54073 0.84120 0.64281 1.55567 16
45 0.54097 0.84104 0.64322 1.55467 15
46 0.54122 0.84088 0.64363 1.55368 14
47 0.54148 0.84072 0.64404 1.55269 13
48 0.54171 0.84057 0.64446 1.55170 12
49 0.54195 0.84041 0.64487 1.55071 11
50 0.54220 0.84025 0.64528 1.54972 10
51 054244 0.84009 0.64569 1.54873 ]
52 0.54269 0.83994 0.64610 1.54774 8
53 0.54293 0.83978 0.64652 1.54675 7
54 054317 0.83962 0.64693 1.54576 &
55 0.54342 0.83346 0.64734 1.54478 5
56 0.54366 0.83930 0.64775 1.54379 4
57 0.54351 0.83915 0.64817 1.54281 3
58 0.54415 0.83899 0.64858 1.54183 2
58 0.54440 0.83883 064899 1.54085 1
€0 0.54464 0.83867 0.64941 1.53986 0
Cos Sin Cot Tan Minutes
57 Degrees

Figure 4-3. Example of a natural trigonometric-furctions table
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c. To read the sine or cosine of an angle grehser 45, it is necessary to look at the bottom of
the page reading up instead of down. The colummifautes will be on the right instead of the lefto
find the cosine of 57° 18', see Figure 4-3. Thsirewof 57° 18' is 0.84151. To find the tangard an
cotangant of an angle, use the same procedure.

d. Often you will be given the sides of a righatigle, and you will want to find the acute
angles of it. Remember that the sine of an armgégual to the opposite side divided by the hypaten
By making a fraction of the two sides' values, yall get the value of the sine function of the angl
To find the angle, look up this value in the protssle under the sin column and then read the numbe
of degrees and minutes in a manner opposite tauiet when finding a function for a given angler F
example, if by dividing

o . 1.36528

the upposite side by the hypotenuse you find the sine value to be — ., Or 0.68264, do

Fe

the following:
» Locate this number under the sin column in Figl#e You find your angle to be 43

* Note that the angle is on the top of the pageagetbee, the minute portion of your angle
will be found in the minutes column on the left-taside of the page. Directly on the
line to the left of 0.68264 in the minutes columyou find 03'. The final answer then
would be 43 03'. This problem would be written in the followgi manner:

sin A=0.68264
A =43 03
Degres
Cos Tan Cot
0.73135 0.93252 1.07237 60
0.73116 0.93306 107174 55
0.73096 0.93360 1.07112 58
0.73076 0.93415 107349 57
0.73056 0.93469 1.06987 56
0.73036 0.93524 1.06925 55
073016 093578 1 (ERR2 54

Figure 4-4. Finding the acute angle

e. So far you have learned how to find the fumdieof angles expressed in degrees and
minutes. However, it is sometimes necessary thtfe functions of angles expressed in secondss Th
is done by a process called interpolation. Foryeeghange of degrees, minutes, or seconds in ale,ang
there is a proportional change in the functionhef &angle. By the use of this proportion, it isgpbke to
interpolate for the seconds of an angle.
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f. Suppose you wanted to find the siné 22' 20". Since Figure 4-5 shows only the
degrees and minutes, you must interpolate for the seconds. Notice that 21° 12’ 20" is % or
one-third of the way from 2112' 00" to 21° 13' 00", whose functions can beawtatd from Figure 4-5.

By the principle of proportional parts discussedthe previous paragraph, an increase of 20" in the
angle 21° 12' causes one-third as much change siné as is caused by an increase of 1 minuteein t

angle.

/_ @ Degree
Minutes lSin) Cos Tan Cot
g

0 0.35837 0.93358 0.38386 2.60509 60
1 0.35864 0.93348 0.38420 2.60283 59
2 0.35891 0.93337 0.38453 2.60057 58
3 0.35918 0.93327 0.38487 2.59831 57
4 0.35945 0.93316 0.38520 2.59606 56
5 0.35873 0.93206 0.38553 2.59331 55
5 0.36000 0.93295 0.38587 2.50156 54
7 0.36027 0.93285 0.38620 258932 53
8 0.36054 0.93274 0.38654 258708 52
9 0.36081 0.93264 0.38687 2.58484 51
10 0.36108 0.93253 0.38721 2.58261 50
1 5 0.93243 0.38754 2.58038 49

N 72 0.3636 0.93232 0.38787 2.57815 48
13 0.361 0.93222 .0.38821 2.57593 47
T - 0.93211 0.38854 2.57371 46
15 0.36244 0.93201 0.38888 2.57150 45
16 0.36271 0.93190 0.38921 2.56928 4
171 036208 0.93180 0.38955 256707 43

Figure 4-5. Interpolation

Example: Find the value of sine 2112' 20". The stated value of any angle is knownts tabular
reading.

Solutions:
First Method: Set up the ratio.
sin 21° 13'=0.36190

sin 21° 12'= 0.36162
0.00028 difference

So: X2 orx=9

- 28 60"
Therefore: sin 21° 12'= 0.36162
By interpolation: 20"=9
Then: sin 21 12' 20" = 0.36171
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Second Method: Take 1/3 tabular difference.

sin 21° 13'=0.36190
sin 21° 12'=0.36162
0.00028 difference

So: 1/3 (0.00028) = 0.00009
Therefore: sin 21° 12' = 0.36162
1/3 tabular difference = 0.00009
Then: sin 2112' 20" = 0.36171

g. It must be remembered that the tabular valli¢seosine and tangent increase as the size of
the angle increases, and the tabular values ofdeme and cotangent decrease as the size of ¢ie an
increases. To avoid confusion and errors in imkatmon, it is advisable to follow the methods used
above, adding the proportional parts for secondhéncase of sines and tangents and subtracting the
proportional parts in the case of cosines and geatiats.

h. As you will recall, the triangle has six partistee angles (one of which is 90°) and three
sides (see Figure 4-6, page 4-14). If two sidespre side and an acute angle, are given, you can
compute the unknown parts of the triangle. Thismgotation is called the solution of a triangle.oifr
this statement, it is evident that in order to sadvright triangle, two parts besides the rightlemgust
be given, at least one of them being a side. Woegiven parts may be-

* An acute angle and the hypotenuse.
* An acute angle and the opposite leg.
* An acute angle and the adjacent leg.
» The hypotenuse and a leg.

* The two legs.

4-13 ENO591



o))

a = Altitude

A b = Base

Figure 4-6. A right triangle

I. Before any attempt is made to solve a trigonoim@roblem, the following steps should be
completed.

» Construct a figure as near as possible to scale.
» Letter each given part on the diagram.

» Outline the solution, specifying each triangle &manula to be used.

* Solve each formula for the unknown quantity.

] To solve the right triangle shown in Figure 4yéu must find all six parts by following the
steps above.

A b = 250

Figure 4-7. Sketch of problem
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Example: Solve the right triangle.

Solution:
Known Unknown Formuias to Determine B:
Quantites  Quantities be used B=90°-A
90 = 83 59 60"
b=250 iB B=50°A - 68° 37 24
b side adlacent 20722 3%
c=718 LA ”A’F‘ hypotenuse .
Then:Bu 207 22" 38"
Taken from Figure
Determine a: 4-9, page 4-16

a=blanA=
250 tan 69" 37
Solution: | 5 an 69° 37 00" =\, 2.69131 _'T__['

269571 — 1

tan$9® 3T U =
tan 69° 38' 00" =
24 X

& =557 ™ 24 dided by 60 = .4 muliphed by 0024 = .0009S

269131
00096
269227

2= = 11 dvided by 27 = 4074 multipied by 60 = 24.4 or 24
then: A = 89° 37 24 a=b tan A = 250 muttipiled by 2.69227 = 673.067

Then a = §73.07

L) B
0.37157 26913
0.37190 265092

Figure 48. Sines and cosines
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Winuies Sin Cos Jan Lot

0 034202 0.53969 0.35%7 2.74748
1

Figure 4-9. Tangents and cotangents

4-6. Functions of Obtuse Angles Previously, you studied the functions of thetaangles of a right
triangle. As a surveyor in the field, you are oftequired to turn oblique angles, that is anglesigr
than 90. It is necessary for you to know the functionsanfjles greater than 9th order to solve an
oblique triangle. If one of the angles of a triengxceeds 90 you no longer have a right triangle. It is
possible to express the functions of angles grehtar 90 as ratios of the sides of right triangles, and
relations can be derived between such functionglandunctions of acute angles.

a. To determine the functions of angles greatan t9C, you will construct a pair of straight
lines intersecting at right triangles, as showifrigure 4-10. The intersection point of the twcesns
called the origin and is labeled A. The horizortaé is labeled XX, and the perpendicular line is
labeled YY. Using these lines as axes of a rectangular auated system, a point (such as B) can be
located by its coordinates x and y. The x cootiria positive when B is to the right of Y¥and
negative when B is to the left of YY The y coordinate is positive when B is aboveXXd negative
when B is below XX. Using the origin as center and any convenietiusa you can construct a circle

that will enable you to determine the functionsangles from 0 through 360. This is shown in Figure
4-11.

b. Referring to Figure 4-11, you see that theleiis divided into four equal parts, each
containing 90 of arc. These parts are called quadrants anthbeded counterclockwise from the line
AX as follows:

* The first quadrant is contained in the segmenhefcircle XAY and is lettered with the
Roman numeral I. It contains the angles betweéesmd 90.

» The second quadrant is contained in the segmehedfircle YAXP and is labeled II. It
contains the angles betweerf @hd 180.
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« The third quadrant is contained in the segmerhefcircle XAY* and is lettered IIl. It

contains the angles between 1&dd 270.

« The fourth quadrant is contained in the segmenh@tircle YAX and is lettered IV. It

contains the angles between 2ahd 360.

c. If you begin at the line AX and rotate a radiaough 360, you can construct any number
of right triangles in each of the four quadrantsveh in Figure 4-11. The radius will represent the
hypotenuse of the right triangle, a perpendicuta from the intersection of the radius and theleito

v!

Figure 4-10. The coordinate system

900

Y
i |

180° X ! A 0°
-]

I v 360

Y

270°

Figure 4-11. Quadrants of a circle
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the line XX will be the side opposite the angle, and theatise from the center of the circle to where
the perpendicular line intersects the linbOwill be the side adjacent. Note that as the angtreases,
the side opposite the side adjacent decreasesat®@ the side opposite is a radius and coincides with
the line AY. As the angle increases fron? 96 180, the side opposite will decrease and the side
adjacent becomes a radius and the side oppodife isrom 180 to 270, the side opposite increases
and the side adjacent decreases until at ¥ side opposite is again a radius of the cmacié the side
adjacent is © From 270 to 360°, the side opposite decreases and theadideent increases until at
360 the two sides are in the position of an angle of 6rom the above, you can see that the side
opposite can be expressed as a y distance andléhadgacent as an x distance.

d. Since the side opposite is essentially a yade#, you can affix positive signs to the sides
opposite of any angle in this circle that lies aboe horizontal line ¥. Similarly, the negative sign
can be affixed if the side opposite lies belowlthe X"X. Likewise, if an angle has its side adjacent on
the right side of the line %, the side adjacent will be positive; if it liem the left side of this line, it
will be negative. Applying the above to Figure B-you see that the angles fromtd 9C¢° have their
side opposite above line"X and their side adjacent to the right of linkyY Therefore, all angles in the
first quadrant have positive signs affixed to thetes opposite and adjacent. For angles in tbense
quadrant (99- 180, the side opposite is still above the lin&XXbut the side adjacent is to the left of
line YY. Angles in quadrant Il have positive sides ojiigoand negative sides adjacent. In the third
quadrant (180° - 270, the side opposite is below the linéXX and the side adjacent is still to the left of
line YXY. These angles have negative sides opposite @jademt. For angles in quadrant IV (270
360, the side opposite is still below the linéXX but the side adjacent is again to the rightire Y.
Therefore, the side opposite is negative, and ittee a&djacent is positive. The hypotenuse of aglgtri
triangle is always considered to be positive.

e. Itis always possible to express any one ofsthdrigonometric functions of any angle as a
plus or minus trigonometric function of a positieagle less than 90 Consider the problem of
expressing the functions of 22 terms of functions of an angle less thaf. 9Referring to Figure 4-
12, observe the following:

sin220° =Y MY ¥V ¥

sin 40° = y
T

- sin 220° = —sin 40°

f. The functions of any angle in the second quad(@® - 18C) can be found by using the
above principles combined with the principles gfglementary angles.
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Figure 4-12. Trigonometric function of any angle

g. A supplementary angle is an angle that wher@dd another angle equals 180Since all
angles in the second quadrant are larger thdntB8ir supplements must be acute angles. Assuming
that angle XAB in Figure 4-13, page 20, can have waue from 90° to 180°, you can derive the
following formulas for the functions of any angtethe second quadrant.

(1) Sin of angle XAB:

sin XAB = ¥ = sin X!AB
T

..sin XAB = sin {180°- XAB)

(2) Cos of angle XAB:

-X
cos XAB = — = -cos X1AB
r

.. cos XAB = -cos (180° - XAB)

{(3) Tan of angle XAB:
X

tan XAB = A —~tan—
X AB

. tan XAB = -tan (180° - XARB)
(4) Cot of angle XAB:

cot XAB = X -cot X1AB
y

-~ cot XAB = -cot (180° - XAB)
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(5) Secant of angle XAB:

r
sec XAB = — = -sec X'AB
-X

.. sec XAB = -gec (180° - XAB)

(6) Cosecant of angle XAB:

cscXAB=£=cscX1AB
Yy

.. csc XAB = csc (180°- XAB)

y = Side opposite
x = Side adjacent
r = Hypotenuse (always +)

Y

Figure 4-13. Angles between 90° and 180

h. The functions of any angle between 180° and® Zab be expressed as the function of the
acute angle, which is found by subtracting L8m the given angle. Assuming that angle XAB in
Figure 4-14 can have any value from 186 270, you can derive the following formulas for the
functions of any angle in the third quadrant.

(1) Sin of angle XAB:
sin XAB = - sin XAB =-sin (XAB - 180)

(2) Cos of angle XAB:
cos XAB = -cos XAB = -cos (XAB - 180)

(3) Tan of angle XAB:
tan XAB = tan XAB = tan (XAB - 180)

(4) Cot of angle XAB:
cot XAB = cot XAB = cot (XAB - 180)

(5) Sec of angle XAB:
sec XAB = -sec ¥AB = - sec (XAB - 180°)
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(6) Csc of Angle XAB:
csc XAB = -csc XAB = -csc (XAB - 180)

Figure 4-14. Angles between 18&nd 270°

I. The functions of any angle between 2&hd 360° may be expressed as the function of the
acute angle, which is found by subtracting the giaeagle from 360°. Assuming that angle XAB in
Figure 4-15, page 22, can have any value from 27360°, you can derive the following formulas for
the functions of any angle in the fourth quadrant.

(1) Sin of angle XAB:
sin XAB = -sin (360 - XAB)

(2) Cos of angle XAB:
cos XAB = cos (360- XAB)

(3) Tan of angle XAB:
tan XAB = -tan (360° - XAB)

(4) Cot of angle XAB:
cot XAB = -cot (360° - XAB)

(5) Sec of angle XAB:
sec XAB = sec (360- XAB)

(6) Csc of angle XAB:
csc XAB = -csc (360° - XAB)
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Figure 4-15. Angles between 27Gnd 360°
J. Table 4-2 shows the relationship of the sidpe, function, and the quadrant of an angle.

Table 4-2. Relationship of the sign, the functiorand the quadrant

Functions Quadrant | Quadrant If Quadrant Jil Quadrant IV
Sine + + - -
Cosine
Tangent
Cotangent
Secant
Cosecant

+ |+ j+ |+ |+
L E N LR

4-7. The Unit Circle. If a circle has a radius of unity, then the nucervalues of the functions for a
given angle are represented by the lengths ofinks.| This is illustrated for a second-quadramggem
Figure 4-16.

4-8. Obliqgue Triangles Many incidences arise in your daily work thatldeith the solution of
oblique triangles. To solve these triangles, theddmental principles of the functions of anglesager
than 90° must be understood. The functions ofeangteater than 90° can be expressed as the fasictio
of acute angles. These acute angles are foundlisesting the given angle from-

e 18C for quadrant Il.

o 270° for quadrant .

e 360° for quadrant IV.
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To each of the functions obtained for these acotges, you must affix the proper sign as determined
from the size of the angle. Although there are exous ways of numbering the quadrants of a circle,
there will be no change in the signs of the fumiiof each quadrant as shown in Table 4-2.

90°

cot

K|

Given L

%— Sin

et A il

180°F

270°

Figure 4-16. The unit circle

a. In previous paragraphs, you dealt with the teiuof a special kind of triangle--the right
triangle. Since the majority of the angles turigdthe surveyor in the field are not right anghgsuy
must know how to solve triangles that are not riglangles. In the following paragraphs, you will
review the laws and the methods governing the isoluf triangles.

b. It is possible to solve any triangle in whidiete of its six parts are known, providing one
known part is a side. In a right triangle, thehtigingle is constant; so only a side and one qildr

must be known to solve the triangle. Howeverhm dblique triangle, one side and two other parstm
be known before the triangle can be solved.

4-9. The Solution of Oblique Triangles There are four combinations of angles and siblas will
supply you with the information necessary for sadvan oblique triangle. They are as follows:

* One side and two angles.

» Two sides and an opposite angle.
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* Two sides and the included angle.

e Three sides.

a. Any triangle can be solved by dividing therigke into two right triangles and applying the
formulas for solving right triangles. To eliminateuch of the work involved in solving two right
triangles, formulas or laws have been derived ¢hable you to solve oblique triangles directly.

b. The sine law states that in any triangle, titess are proportional to the sines of their
opposite angles. This law also applies in solimgngles where the given information includes one
side and two angles or two sides and an opposile.awhen applying the sine law to Figure 4-14 yo
get various relationships and equations. For el@mp

a b
sinA sinB
b ¢
sinB  sinC
a c

sin A - sinC

Figure 4-17. The oblique triangle

c. Since you can solve any triangle in which thpaets are known, including a side, it is
necessary to set up a relationship between anysies and their opposite angles. These relatipashi
are as follows:

a b _ ¢
sinA sinB sinC

d. The cosine law states that in any triangle,sipgare of any side is equal to the sum of the
squares of the other sides minus twice the prod@idhose two sides time the cosine of the angle
included between them. This law is adaptable toirsp triangles where two sides and the included
angle are given and it is desired to find the langt the third side. Three situations exist where
cosine law can be applied. They are as follows:
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¥ + &- 2 bc cos A
§+cz-2accosB

a2
b2
c? +d-2abcosC

If the given included angle is obtuse, remembet itkacosine is negative and this sign must beiegpl
when the value of the cosine is substituted infolneaula.

e. The tangent law states that the sum of anysides of a triangle is to their difference as the
tangent of half the sum of their opposite angletishe tangent of half the difference betweenrthei
opposite angles. This law is best suited for sg@triangles in which two sides and the includedl@an
are given. The tangent law in equation form iodews:

bea taD % (B+A)
b-a tan }é (B-A)

-OR- tan}é (B-A)=b£i§ltan}é (B+A)]

Since it is customary to avoid negative quantitiggen using the tangent law, you can rearrange the
equation to eliminate this. If in the equation edaide a had been longer than side b, the equation
would have been as follows:

a-b
tan%(A-B)=a+b[tan 5 (A+B)]

f. The half-tangent formulas are used to solveathgles of a triangle in cases where the given
information regarding the triangle is three sid&bese formulas are as follows:

(s-b)(s-c)
t A= f———
an}é s(s-a)

/(s-a)(s-c)
tan}é B= _s(s-h)

,(s-b)(s-a)
tan}éC- s(s-c)

In the formulas above, s is equal to one-half thrarmation of the three sides (a, b, and c).

g. In the following paragraphs, there are soméctjrases in which the above laws will help
you in determining the unknown quantities in ob&dtangles.

4-10. Case | - One Side and Two AnglesTo solve a triangle where the given informatiociudes a
side and two angles, find the value of the thirdlarby subtracting the sum of the two given angles
from 18C. (The sum of the interior angles of a triangleiag 180.) Then, using the sine law, solve the
two unknown sides.
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Example: In Figure 4-18, side a of the triangle equals,1&itgle A equals 7630' 00", and angle B
equals 4845' 00". Find angle C and sides b and c.

b

Figure 4-18. Case |
Solution: Find the value of angle C by subtracting the sdirmngles A and B from 180
180° - (76 30' 00" + 48 45' 00") =54 45' 00" =C
Then, using the sine law, solve for the two unkn®ides.

a b

sinA sinB

_asinB_(175)(sin 48°45'00")

b =
sin A sin 76° 30' 00"

_ (175)(0.75183989)
0.9723699

= 135.3 (by natural functions)

Also find side c.

C a

sinC sinA

.o asinC _(175)(sin 54° 45'00")
sin A sin 76° 30' 00"

- (175)(0.8166416)
0.9723699

=147.0 (by natural functions)
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Note that the same results are obtained when yeunasural functions or logarithms of circular
functions.

4-11. Case Il - Two Sides and an Opposite Angleln solving a triangle where two sides and an
opposite angle are known, it is necessary to sfuvene of the unknown angles using the sine law.
Next, you will solve for the third angle by subtiiag the sum of the given angle and the solved-for
angle from 180. Then, by using the sine law, you can solve lierremaining unknown side.

Example: In Figure 4-19, side b of the triangle equals.23get, side a equals 196.6 feet, and angle A
equals 3236' 40". Find angles B and C and side c.

A b Cc

Figure 4-19. Case Il
Solution: Using the sine law, solve for angle B.

a b

sinA sinB

1966 1352
sin32° 36'40" sinB

_ (135.2)(sin 32° 36'40")
196.6

sinB

_ (135.2)(0.539756)
196.6

=0.3711185
B = 21° 45' 14" (by natural functions)
Then solve for angle C by subtracting the sum gfesA and B from 180°.
C = 180°-(32° 36' 40"+2145' 14") = 125° 38' 06"
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Then solve for side ¢ using the sine law.

a C

sinA sinC

c= asinC _ (196.6){sin 125° 38'06")
" sinA sin 32° 36'40"

_ (196.6)(0.8127450)
- 0.539756

¢ = 296.03 feet (by natural functions)

a. The sine of an acute angle is the same asitleeo$ the supplementary obtuse angle.
Therefore, in solving a triangle under case Il Iy sine law, two values for the angle are possiht
either value can be taken unless excluded by cthatitions in the triangle.

b. In any triangle, only one of the angles cawlmise. When the given angle is obtuse, both of
the other angles are acute. In Figure 4-20, afgléthe triangle is acute, and side c times the sif A
equals the line BP. This is the side oppositediken angle in the right triangle ABP. It is alde
altitude of the triangle in question; therefore, BCBC' cannot be shorter than the altitude. When side
a is less than side c times the sine of A, thegta is impossible. When angle A is obtuse, sideuat
be longer than side c or the triangle is impossiblghen the angle A is acute and the length of the
triangle is shorter than side ¢ but longer thae sidimes the sine of A (BP), the triangle is ambigs
and two solutions are possible.

4-12. Case lll - Two Sides and the Included AngleWhen solving for the third side of a trianglelan
two sides and the included angle are known, ie& ko use the cosine law.

Figure 4-20. The ambiguous triangle
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Example: In Figure 4-21, side b of the triangle equals887eet, side ¢ equals 106.66 feet, and angle A
equals 7319' 27". Find side a.

Figure 4-21. Case lll
Solution:

a2=b2+c2-2bccos A

a? = (97.85)2 +(106.66)2 - (2)(97.85)(106.66) (cos 73°19'27"}
a2 = 9574.62 +11376.36-5989.63 = 14961.35

a =+14961.23 = 122.32 feet (by natural functions)

Now combine the different parts of the equation.

a&=t*+Z-2becos A
a® = (9574.62 + 11376.36) -5989.63 = 14961.35

When solving for the remaining two unknown angléghe triangle and two sides and the included
angle are known, it is best to use the tangeniraive solution.

Example: In Figure 4-22, page 30, side c of the triangjaads 749.63 feet, side a equals 561.88 feet, and
angle B equals 4117’ 32". Find angle A and angle C.
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A b C

Figure 4-22. Solving for unknown angles (tangenaiv)
Solution: Find the value of angles A and C by subtractingl@ B from 180.

(C = A) = 180°-42 17' 32"= 138 42' 28"

Then substitute the known values in the tangenatau

c+a_tany2(C+A)
c-a  tan}/ (C-A)

tan J (C-A)= "2 ltan }5 (C+A)]

c+
_ _749.63-561.88 (tan 69° 21'14")
749.63 +561.88

tan }/ (C- A)=0.379899
1 (C-A)=20°48"12"

Now find the values of the unknown angles fromeheations which follow:

C=15C+A+ ¥ (C-A)
=69°21' 14"+20° 48' 12"= 90° 09' 26"

A=Y (C+A)-Y(C-4)
=69°21' 14"-20°48' 12"= 48°33' 02"

The above solution is by natural functions.
4-13. Case IV - Three Sides When three sides of a triangle are known, ibast to solve for the
remaining parts by the method of half tangents.
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Example: In Figure 4-23, side a of the triangle equals.707side b equals 206.15, and side ¢ equals
184.42. Find the value of the three angles.

Figure 4-23. Case IV
Solution: Determine the value of s.

_a + bec_ 197.70+206.15+184.42
T2 2

=294.135

s

Now solve for the angles.

{ (s-a)(s-c)
tan }é B= _s(s-:-l-)-j—
_ {(294.135- 197.70) (294.135-184.42)

(294.135) (294.135- 206.15)

_ [(96.435)(109.715) _ Jlosso.sss
" Y(294.135)(87.985) ¥ 25879.468

= J0.4088324 = 0.6394000
}é B = 32°35'41.5"
B = 65°11'23"

_ ((s-b)(S-c)
tan%g A= P

_ [(294.135-206.15)(294.135 - 184.42)
- (294.135) (294.135 - 197.70)
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_ [(87.985)(109.715) _ | 9653.274
" V¥(294.135)(96.435) ¥ 28364.909

= /0.3403225 = 0.5833734
}5 A =30° 15'29.5"
A = 60° 30' 59"

_ ’(S-a)(S-b)
tan}éC = 56-0

_ 1(294.135-197.70)(294.135 - 206.15)
(294.135)(294.135 - 184.42)

_ [ (96.435)(87.985) _ [8484.833
" {(294.135)(109.715)  ¥32271.022

=./0.2629242 = 0.5127613
}é C =27°08'49"
C =54°17' 38"

Check your solution by adding angles A, B, and Gde if they equal 180
(60° 30" 59") +(65 11' 23") +(54 17' 38") = 180

The third angle could also be fund by subtractimg first two angles from 180 This, however, leaves
no way to check the accuracy of the work performed.
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LESSON 4

PRACTICE EXERCISE

The following items will test your grasp of the maal covered in this lesson. There is only oneex
answer to each item. When you complete the exerciseck your answer with the answer key that
follows. If you answer any item incorrectly, stualyain that part which contains the portion invdlve

1.

Which of the following would be the result obs$racting 98 47' 52" from 36 40" 30"?

A. 62° 07' 22"

B. 135° 28' 43"
C. 197 35' 44"
D. 297 52' 38"

If you divide an angle of 3514' 15" into three equal segments, how many dsgraautes, and
seconds would each segment have?

A. 11° 18' 45"
B. 11° 44" 45"
C. 11° 52' 45"
D. 12> 00' 45"

If A and B are the acute angles of a right glanthen cosine A is equal to

A. cos B
B. sin B
C. sec B
D. sec A

In which of the four quadrants of a circle woald angle containing 282° 16' be located?

>

IV
B. Il
C. [l
D I

To solve a right triangle, two parts besidesrigat angle must be known. One of these parts
must be .

An obtuse angle
The hypotenuse
An exterior angle
A side

o0Ow»
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LESSON 4

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct answer and feedback

D 297 52' 38"
Accurately subtracting two ... (page 4-6, patze)-

B 1T 44' 45"
The original problem ... (page 4-2, para 4-2a)

B sin B
To differentiate between ... (page 4-8, para ¥-4d

A v
Referring to Figure 4-11 ... (page 4-16, pard}-6

D A side
As you will recall ... (page 4-13, para 4-5h)
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LESSON 5

SURVEYING EQUIPMENT

OVERVIEW

LESSON DESCRIPTION

In this lesson, you will become familiar with suyireg equipment.

TERMINAL LEARNING OBJECTIVE

ACTION: You will become familiar with the differertypes of equipment used in surveying
operations.

CONDITION:  You will be given the material containedthis lesson.
STANDARD: You will correctly answer the practiceezgise questions at the end of this lesson.

REFERENCES: The material contained in this less@s werived from TM 5-232, FM 5-233,
NAVEDTRA 10696, and CDC 3E551A.

INTRODUCTION

Accuracy in surveying is essential because othginerring factors that are involved after the surnge
complete depend on the surveying results. Corngtrusurveys deal with determining the relative
positions of points on the earth's surface. Tipesets are used to locate and lay out roads, Eisj@and
man-made structures (such as buildings, sewer, lutdsy lines, and any type of proposed or exigti
structure). Construction surveys also identifyder features that are used to draw large-scalesmap
No matter what type of survey is needed, some bfpsurveying equipment will be required. Each
surveying operation requires certain specific typkesquipment. These surveys can vary in many ways
depending on the technical requirements neededs l&&son will familiarize you with the surveying
equipment that you will encounter in the field.

PART A - UNIVERSAL SURVEYING INSTRUMENTS
5-1. Tools and Devices Primarily, the surveying instruments that youl e using are precise tools
with which measurements are made. Many of theungnts have similar features. These instruments

include

* Tripods to hold the instrument steady at a corer@reight.
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Level vials and leveling thumb screws to makettHescope level and parallel to a horizontal
line of sight.

Optical devices, such as crosshairs in a telestopight on a target.

Magnification lenses on the telescope to magnifgrget.

Plumb bobs or optical plummets to align the insieat exactly over a selected point.

The surveying instruments that you will become temnivith are the one-minute theodolite, geodimeter
(total station), and levels. These items of eq@pivare needed to help you determine the angles and
elevations that are required for a constructionesyr

a. One-Minute Theodolite. The one-minute theddab used to obtain both horizontal and
vertical angles. The theodolite is a compact,tigiight, dustproof optical-reading, directional-¢yp
instrument (see Figure 5-1). It may also be used @epeating-type instrument for measuring hotedon
angles by using the repeating damp. The scalesadable directly to the nearest minute and may be
illuminated by sunlight or artificial light. Theaisseying points are observed through the instruraedit
the angles read through an optical microscope oizdmtal and vertical scales inside the instrument.
There are two versions of this theodolite-the eeginversion, which reads directly to one minutergno
commonly known as the T16) and the artillery varsiwhich reads directly to 0.2 mil (more commonly
known as the T2).
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Carrying handle
Locking screw for handie

Salely catch for canying
handle

Optical sight, with pin for centering _
under roof points and lever for
reguiating reticle lllumination

Focusing sleeve with
coarse/fine motion

Bayonet ring, locks eyepiece
in position

Telescopic objective

lHumination mirror O—1—— While dot marking tilting axis

Telescopic syepiece with
dioptric scglgp
Eyepiece for reading
microscope

Window, illuminates
plate lavel _—

Plate level ~—F
Circle locking lever

Plate for supporting
instrument in container

Vartical clamp
Vertical drive screw

Optical plummst

{c Horizontal drive screw
Horizontal clamp

Tribrach GDF 10
Clrcular bubble Swivel locking kriob
Fool screw Arrow down = locked
Base plate of tribrach Arrow up = uniocked

Knob Is secured in arrow down
position by recessed screw when
instrument leaves factory

Figure 5-1. One-minute theodolite

b. Geodimeter. The geodimeter is an automatetggrated surveying instrument (AISI)
commonly referred to as a total station (see Fidit& page 5-4). It combines a theodolite with an
electronic distance-measurement (EDM) instrument @m electronic data collector. The geodimeter
can measure angles up to one-second accuracynahstdup to 3 kilometers) to the thousandths, and
elevations to the hundredths of a foot or meter.hals the capacity to store up to 6,000 points of
surveying information. It can operate up to eigbtrs continuously on the batteries provided, d2a
volt car battery can be used. The geodimeter comigsfactory-set programs designed for standard
surveying operations and can be programmed foriap®aveying operations. The geodimeter is used
in conjunction with the civil software program Tamodel. This software accepts the downloaded
information from the geodimeter and allows rapidelepment of the surveying site by producing civil
engineering drawings.
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Figure 5-2. The geodimeter (AISI)

c. Levels. Discussed in the following paragraphes the different types of levels that may be
used in construction surveys.

(1) Dumpy Level. The dumpy level is a very stuahd reliable instrument that was used
extensively for leveling operations until it waplaced by more modern equipment (see Figure 3t8).
sighting device is a 28 variable-power telescopi &i maximum length of 18 inches and an erecting
eyepiece that changes the inverted/upside-downamaghat it can be seen right-side up. The fogusi
knob is normally external. Rotating the focusimphk brings the target into clear focus. The retics
two crosshairs at right angles to each other, antesnodels have stadia hairs for distance measateme
to the nearest foot or meter. Rotating the eyep@ings the crosshairs into focus. The teles@oqke
level-bar assembly are mounted on a spindle thahifgethe unit to be moved only in a horizontal
plane. The telescope and level bar cannot be telévar depressed. The dumpy level's telescope is
rigidly attached to the level bar that holds aruatijble, highly sensitive level vial. The azimatamp
and azimuth tangent screw allow for slow motionttté telescope for accurate centering on a target.
The spindle mounts in a four-screw leveling head thsts on a footplate. The footplate screws th&o
threads of the tripod. When the instrument is pripleveled and adjusted, the horizontal line itd,s
which is defined by the horizontal crosshair, forarisorizontal plane.

(2) Automatic Level. The automatic level (alsdled the auto level) is a self leveling level
that has become the most popular, standard-tyee lesed in construction surveys (see Figure 5i4).
is very easy to use and can be set up quickly. alitematic level has upgraded surveying operatigns
taking the place of the dumpy level, which requmegreat amount of time to center its bubble asdtre
its position. The automatic level has a small udac level called a bull's-eye level and only three
leveling screws. The leveling screws are on angrudar footplate and are used to center the buibble
the bulls-eye level. The line of sight automaticddecomes horizontal and remains horizontal ag lon
as the bubble stays centered. Inside the autont@tiel, a gravity-suspended prism (called a
compensator) is hung on fine, nonmagnetic wireke dction of gravity on the compensator causes the
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prism to swing freely into a position so that aibontal line of sight is achieved. This horizoritaé of
sight is maintained even when the telescope isvahta the instrument is disturbed because thepris
swings freely with gravity.

Focusing knob

\ Sunshade
Relicle adjusling screw \

Level vial

\
Y7 1))
S | E

Azimuth langent s\ Azimuth clamp
screw :

S ————_ Leveling screw

Figure 5-3. The dumpy level
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Figure 5-4. The automatic level

(3) Hand Levels. The hand level, like all surveyilevels, is an instrument that combines a
level vial and a sighting device (see Figure 5dge5-6). It is a very simplistic device that sed for
taping and for rough determinations of elevatiofifie basic principle is that if the bubble is ceate
while sighting through the tube, the line of sighhorizontal.
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(a) For example, in cross-sectional work, termaggularities may cause elevations to go
beyond the automatic level's range from a setuphaAd level is useful for extending approximate
elevations off the control-survey line beyond timeits of the automatic level. For greater staypilithe
hand level may be rested against a tree, a Phpladetod, or a range pole.

(b) On a hand level, a level vial is mounted atoplot in the sight tube in which a
reflector is set on a 45° mirror. This allows thieserver, while sighting through the tube, to dee t
landscape or object, the position of the bubbldévial, and the index line at the same time. fided
level has no magnification capabilities, therefane, distances sighted are relatively short.

(c) In Figure 5-5, view A shows a Locke hand letv&lt is very simplistic in design and
view B shows an Abney hand level (or clinometer)ichhhas a reversible, graduated arc assembly
mounted on one side and may be used for measueiigal angles and percent of slope. The lower
side of the arc is graduated in degrees, and tperugde is graduated in percent of slope. Thel ieal
of the Abney hand level is attached at the axi®tdtion of the index arm. When the index armeiste
zero, the instrument is used like a Locke handllew&hen it is used as a clinometer, the object is
sighted and the level tube is rotated about the axirotation until the bubble is centered. The
difference between the line of sight and the ldugbble axis can be read in degrees or percenbpésl
from the position of the index arm.

Figure 5-5. Hand levels
PART B - FIELD EQUIPMENT

5-2. Hand Tools The term field equipment, as used in this lessociudes all devices, tools, and
instrument accessories used in connection witd fisdasurements.

a. When conducting a survey across rough tervaingus types of tools will be needed to clear
the line, that is, cut down brush and other natgraWwth as needed (see Figure 5-6). Surveying
procedures usually permit the bypassing of largestr However, it may be necessary to fell a tiée.
heavy equipment is working in the area, it may seduo fell the tree; if not, a chain saw may bedus
If a chain saw is not available, use an ax.
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The machete and brush hook may be used to cledr sapéings, bushes, or similar growth. Axes and
hatchets are used to mark trees by blazing andafsaybe used to fell trees.

Figure 5-6. Cutting tools

b. A hatchet or single-bit ax is used to drive $justakes, pipe, and other markers into the
ground. A sledgehammer, however, is a more seitédml for this purpose. A double-faced, long-
handled sledgehammer is shown in Figure 5-7, pae B is swung with both hands. There are also
short-handled sledgehammers that can be swung evith hand. A sledgehammer is classified
according to the weight of the head. Common weigie 6, 8, 10, 12, 14, and 16 pounds. The 8- and
10- pound weights are the most commonly used.

c. When searching for hidden markers, you may @eslovel or a pick like the ones shown in

Figure 5-7, page 5-8, to clear off the topsoil.strft ground, such as loose, sandy soil, you majepto
use a square-headed shovel or a probing steebroddte buried markers.
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Figure 5-7. Sledgehammer, shovel, and pick
PART C - ASSOCIATED SURVEYING EQUIPMENT

5-3. Surveying Tapes Tapes are used in surveying to measure horizowngatical, and slope
distances. They may be made of a ribbon or barstieed, an alloy of steel, cloth reinforced withtate

or synthetic materials. Tapes are issued in varieagths and widths and graduated in a variety of
ways. Various types of surveying tapes are showhigure 5-8. View A shows a nonmetallic tape,
view B shows a steel tape on an open reel, vieldvs a metallic tape on a closed reel, and View D
shows a special type of low-expansion steel taple¢tan Invar tape or a Lovar tape) used for geode
work and for checking the length of regular steplets. The Invar and Lovar tapes are very precide a
will not react to temperature changes.

a. Metallic Tape. A metallic tape is made of hggade synthetic material with strong wire
strands (bronze, brass, and copper) woven in thpegdace of the tape and coated with a tough,rwate
resistant plastic for durability. Standard lengiine 50 and 100 feet. Most metallic tapes areugtzdl
in feet and decimals of feet, but some are graduigtdeet and inches to the nearest 1/4 inch, regter
and centimeters. Metallic tapes are generally fsedough measurements, such as cross-sectional
work, roadwork slope staking, and side shots imgpaphic surveys.

b. Nonmetallic Tapes. Some surveyors prefer ® nenmetallic tapes that are woven from
synthetic yarn, such as nylon, and coated withtisladNonmetallic tapes are similar to metalliceapn
their use, lengths, and graduations.

c. Steel Tapes. For direct linear measurementsdifary or more accurate precision, a steel
tape is required. The most commonly used lengflO feet, but tapes are also available in 50-;,200
300-, and 500-foot lengths. All tapes except the-toot tape are band-type; the common band widths
are 1/4 and 5/16 inch. The 500-foot tape is ugwaflat-wire type. Metric steel tapes are avddadnd
are commonly used overseas, with the most commugtHe being 30 and 50 meters. Most steel tapes
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are graduated in feet and decimals of feet, butesara graduated in feet and inches, meters, or othe
linear units. Steel tapes are sometimes equippéddaneel on which they can be wound. These tapes
can be, and often are, detached from the reel dwemonvenient use in taping.

Figure 5-8. Surveying tapes

5-4. Surveying Accessories Surveying accessories include the equipments,t@nd other devices
used in surveying that are not considered to bmtagral part of the surveying instrument itsefor
example, when you run a traverse, your primaryrumsénts may be the theodolite and the steel tape.
The accessories you will need to do the actual areasent are-

» Atripod to support the theodolite.
* Arange pole to sight on.
* A plumb bob to center the instrument on the point.
» Tape supports to support the tape from saggitigeisurvey is of high precision.
It is important that you become familiar with the@per care of this equipment and use it properly.

a. Tripod. The tripod is the base or foundatibat tsupports the surveying instrument and
keeps it stable during observations. A tripod @ie®f a head to which the instrument is attactizege
wooden or metal legs that are hinged at the heatlpainted metal shoes on each leg to be pressed or
anchored into the ground to achieve a firm setep {Sgure 5-9, page 5-10). The leg hinge is aegust
so that the leg will just begin to fall slowly whérnis raised to an angle of about 45°. The tripedd
may have screw threads on which the instrumenbignted directly, a screw protecting upward through

the plate, or a hole or slot through which a sgdumidt is inserted to attach to the instrument. éiWh
mounting the instrument on the tripod, firmly grigo avoid dropping it. Hold the theodolite byeth

5-9 ENO591



right standard (opposite the vertical circle) whiau are attaching it. The automatic and dumpgliev
should be held at the center of the telescopeh B@odolites and levels should be gripped neabdise

of the instrument with the opposite hand. Therursent should be screwed down to a firm bearing but
not so tightly that it will bind or the screw thosawill strip.

Cenlral

fixing
screw

Allen-head
screw (3) Leg hoider
Bayonst
Head cover
Wing
screw (3)

Leg (3)

Plumbbob
assembly

Figure 5-9. Tripod detail

(1) Types. There are two types of tripods thaveyors use: the fixed leg and the extension
leg (see Figure 5-10). These tripods can also hage frames like those shown in Figure 5-11, which
have greater torsional stability and tend to viiass in the wind.

(a) Fixed Leg. The fixed-leg tripod is also cdlle stilt-leg or rigid tripod. Each fixed
leg may consist of two lengths of wood as a uniaaingle length of wood split at the top, which is
attached to a hinged tripod head fitting and to etainshoe. At points along the length of the leg,
perpendicular brace pieces are sometimes addedd@ggater stability. The fixed legs must be sgvun
in or out in varying amounts to level the head.stimment height is not easily controlled, and the
observer must learn the correct spread of thetegst the desired height.

(b) Extension Leg. The extension-leg tripod isoatalled a jack-leg tripod. Each

extension leg is made of two sections that slisgitndinally. On rough ground, the legs are a&idgtb
different lengths to establish a horizontal trigeehd or to set the instrument at the most comftertab
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working height for the observer. A leg may be s&woed and set as shown in the extreme left view of
Figure 5-10.

Figure 5-11. Wide-frame tripods

(2) Setup. When setting up a tripod, you shoeldilre to place the legs so that you achieve
a stable setup. First, loosen the restrainingpdtam around the three legs and secure it aromedey.
While standing over the setup mark, grip the tripath two of the legs close to the body and, byhgsi
one hand, push the third leg out away from the haoayl it is about 3 feet from the mark. Lower the
tripod until the third leg is on the ground. Plase hand on each of the first two legs and sptfeeuch
while taking a short backward step, using the tldgdas a pivot point. When the two legs look dlamu
far away from the mark as the third one and akehare about equally spaced, lower the two legs and
press them into the ground. Make any slight adjest to level the head further by moving the thegl
a few inches in or out before pressing it intogheund.
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(@) On smooth or slippery surfaces, you shoulthtéig the tripod's leg hinges while
setting it up to prevent the legs from spreading eausing the tripod to fall. If there are hole<acks
in the ground, use them to brace the tripod. Somest as a safety factor, you should tie the tlege
together or brace them with rocks or bushes dfiey are set to keep them from spreading. If sedops
to be made on a slippery finished floor, rubbereshmay be fitted to the metal shoes or an equalater
triangle leg retainer may be used to prevent tge feom sliding.

(b) When you are setting up on sloping groundegldne third leg uphill and at a greater
distance from the mark. Set the other two legkedsre, but before releasing them, make sure Heat t
weight of the instrument and the tripod head dagorerbalance the tripod and cause it to slipadr f

(c) Proper care must be observed in handling ibed. When the legs are set in the
ground, apply pressure longitudinally. Pressuresscthe leg can crack the wooden pieces. Theshing
joint should be adjusted and not over tightenethéodegree that it would cause strain on the joint
strip or lock the metal threads. The tripod heaaldd be kept covered with the head cover or ptviec
cap when not in use, and the head should not la¢cbed or burred by mishandling. When the tripgod i
in use, the protective cap is to be placed in ts¢riament box to prevent it from being misplaced or
damaged. Any damage to the protective cap canmabsferred to the tripod head. Mud, clay, or sand
adhering to the tripod must be removed, and tipddrishould be wiped with a damp cloth and dried.
The metal parts should be coated with a light fhoil or wiped with an oily cloth. Foreign mattean
get into hinged joints or on smooth surfaces angseavear. Stability is the tripod's greatest asset
Instability, wear, or damaged bearing surfaceshenttipod can evolve into unexplainable errorshia t
final surveying results.

b. Range Poles. A range pole is a wood, fibesglasmetal pole, usually about 8 feet long and
about 1/2 to 1 inch in diameter. It has a steaghted point and is painted in alternate bandsdfand
white to increase its visibility. The bands arf®dt long and can be used as a rough measuremigia gu
using stadia estimation. Figure 5-12 shows a taoerange poles. The range pole is held veltiaah
a point or plumbed over a point so that the poial e observed through an optical instrument It is
primarily used as a sighting rod for either linear angular measurements. For work of ordinary
precision, chainmen may stay on line by observingnge pole.

Figure 5-12. Range poles

c. Plumb Bob, Cord, and Target. A plumb bob manted, tapered brass or bronze weight that
is suspended from a cord to determine the plun#bftiom a point on the ground. Common weights for

ENO591 5-12



the plumb bobs are 6, 8, 10, 12, 14, 16, 18, andute; the 12- and 16-ounce weights are the most
popular. Typical plumb bobs are shown in Figurg3s-

(1) A plumb bob is a precise instrument and mestéred for as such. If the tip becomes
bent, the cord from which the bob is suspended mall occupy the true plumb line over the point
indicated by the tip. A plumb bob usually has #adeable tip, a shown in Figure 5-13. If the tip
becomes damaged, it can be renewed without reglalegentire instrument.

Figure 5-13. Plumb bobs

(2) Each survey party member should be equippéld avieather sheath for the plumb bob,
and it should be placed in the sheath whenevermbt in use. The cord from a plumb bob can beemad
more conspicuous for observation purposes by attgan oval-shaped aluminum target (Figure 5-14,
view A, page 5-14). The oval-shaped target hadoried edges with alternate red and white quadrant
on is face. Also, a flat rectangular plastic tangay be used (Figure 5-14, view B, page 5-14)hak
rounded comers with alternate red and white quasiram its face. These plumb-bob string targets are
pocket size (approximately 2 by 4 inch).

d. Optical Plummet. The optical plummet is a dewuilt into the theodolite or the tribrach of
some instruments to center the instrument overiat.pdts working principle is shown n Figure 5-15,
page 5-14.

The plummet consists of a small prismatic telesasple a crosshair or marked-circle reticle adjudied
be in line with the vertical axis of the instrumerffter the instrument is leveled, a sighting gbuhe
plummet will check the centering over a point qiyckThe advantages of the plummet over the plumb
bob are that it permits the observer to center ayasint from the height of the instrument stand goat

it is not affected by the wind. A plumb bob regsirsomeone at ground level to steady it and tarnmfo
the observer on the platform how to move the imsémt and when it is exactly over the point. Whh t
plummet, the centering and checking is done bytiserver.
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Figure 5-14. Plumb bob, cord, and target
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Figure 5-15. Optical plummet

e. Tape Clamp. There is usually a leather thdrgpeh end of a tape that can be held when the
full length of the tape is used. When only parthaf tape is used, the zero end can be held oimg,
and the tape can be held at an intermediate pgimhdans of a tape clamp (see Figure 5-16). These
scissor-type clamps grip the tape tightly withoeihdng or damaging it. The tape clamps are esihpecia
helpful when the tape needs to be pulled tighTlizey make the tape easy to grip during measurements
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Figure 5-16. Tape clamps

f. Tension Scale. When a steel tape is held agovend between two crew members without
support throughout, a certain amount of tensiontrbasapplied to reduce the sag in the tape. Tdms c
be done by using a tension scale, which is graduiatgounds from O to 30 (see Figure 5-17). It is
clipped to the eye at the end of the tape, anddens applied until the desired reading appearshen
scale. The proper amount of continuous tensiohrtéads to be applied to a steel tape is 20 pounds.

Figure 5-17. Tension scale

g. Taping Pin. A taping pin is a metal pin thatlifoot long. It has a circular eye at one end
and a point for pushing it into the ground at thieeo (see Figure 5-18, page 5-16). These pins ¢ome
sets of 11 and are carried on a wire ring thatsspd through the eyes of the pins. Taping pindbea
used to temporarily mark points in a great varadtgituations. They are also used to keep coutd e
increments in the taping of long distances. Eaichrppresents one tape length measured but not
necessarily a full tape length. The number ofrtigmins used equals the number of distances that ar
measured and recorded in the recording book.
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Figure 5-18. Taping pins

h. Leveling Rods. A leveling rod is a wooden thdt is used to measure the vertical distance
above a point. This point may be a permanent atavdbench mark), a temporary bench mark (a
turning pin or stake), a man-made object, a coastdusurface, or a natural point on the groundasexf

(1) Use. The leveling rod may be read directlythy instrument man sighting through the
telescope, or it may be target read. Conditioas$ binder direct reading, such as poor visibilibng
sights, and partially obstructed sights (throughshror leaves), sometimes make it necessary t@a use
target. Atarget is also used to mark a rod repdinen numerous points are set to the same elevatio
a certain constant grade is needed from one instmusetup. In Figure 5-19, view B shows a rod with
metric measurements; the graduations of the rodhameters, decimeters, and centimeters. Thetsrge
that are furnished with the metric rod have a \@rithat permits reading the scale to the nearest
millimeter. The metric rod can be extended froftd. 3.7 meters.

(2) Types. The different types of leveling rods discussed in the following paragraphs.

(a) Philadelphia Rod. The most popular of allthe Philadelphia rod, which is a
graduated two-section wooden rod (see Figure 549 A). It can be extended from 7 to 13 feet and
each foot is subdivided into hundredths of a fdostead of each hundredth being marked with adine
tick, the distance between alternate ones is phibleck on a white background. Thus, the value for
each hundredth is the distance between the cdlwrgpp of the black increment is even values ded t
bottom of the black increment is odd values. Téetlts are numbered in black and the feet are
numbered in red. This rod may be used with thelletheodolite, and hand levels on occasion to
measure the difference in elevation or it may kedser topographic land surveys.

Targets for the Philadelphia rod are usually ovath the long axis at right angles to the rod and t
guadrants of the target painted alternately redvalmite. The target is held in place on the rocab@-
clamp and a thumbscrew. A lever on the face otahget is used for fine adjustment of the targete
line of sight of the level. The targets have ragtdar openings about the width of the rod and Ge&b
high through which the face of the rod may be se®&tinear vernier scale is mounted on the edgihef
opening with the zero on the horizontal line of thget for reading to thousandths of a foot. Wtien
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target is used, the rodman takes the rod reading.

(b) San Francisco Rod. The San Francisco rodsesl dor direct reading only and is
available with three sliding sections.

(c) Chicago Rod. The Chicago rod is availablénliree or four sections that, instead of
sliding, are joined at the end to each other lifislaing rod.

(d) Lenker Rod. The Lenker rod is a two-sectiod similar to the Philadelphia but is
graduated in feet and inches to the nearest omhkeigch rather than the decimal. The upper sedaio
the Lenker rod has the graduations on a continuoetsl belt that can be rotated to set any desired
graduation at the level of the height of the insteat (HI). To use the rod, set it on the benchknazad
bring the graduation that indicates the elevatibthe bench mark level with the HI. As long as the
level remains at that same setup whenever yoltheatod on a point, you can read the elevation ef th
point directly. In short, the Lenker rod does awaty the necessity for computing the elevations.

(e) Lovar Rod. The Lovar rod is a high-precisieveling rod. It is usually T-shaped in
cross section and has the scale inscribed on th&l steip. High-precision leveling rods usuallyvea
tapering, hardened-steel bases and some are eduipple thermometers so that the temperature
correction can be applied. These rods generafiyao built-in rod levels.

5
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Figure 5-19. Leveling rods
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(3) Care. Proper care should be taken of thdifeyeods, such as keeping them clean (free
of sand and dirt), straight, and readable. Legelimds must be carried over the shoulder or uraker t
arm from point to point. They must be collapsethmir original configuration when carrying themeov
long distances or when transporting them. Dragdtregm through the brush or along the ground will
wear away or chip the paint. Do not set the roithwhe numbers face down, as this will wear off the
painted numbers. When not in use, the leveling iwuld be stored in their cases, when availéble,
prevent warping. The cases are generally desigmsedpport the rods either flat or on their siddfe
rods should not to be leaned against a wall orgolaom the damp ground for any extended periodesinc
this can produce a curvature in the rods and resléveling errors.

I. Rod Levels. When a rod reading is made, @&dsurate only if the rod is perfectly plumbed.
If the rod is out of plumb, the reading will be gter than the actual vertical distance betweerthend
the base of the rod. Therefore, to ensure a pluignbed leveling rod, a rod level should be uséte
two types of rod levels that are generally usedhwstiandard leveling rods are shown in Figure 5-20.
The one on the left is called the bull's-eye leaall the one on the right is the vial level. Feggbr21
shows the proper way of attaching the bull's-eyellghe vial level is attached in the same manner.

Bull's eye

4 &

{
e

Figure 5-21. Proper attachment of rod level
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J. Stadia Boards. In determining linear distabgestadia, you observe a stadia rod or stadia
board through a telescope containing stadia haidsrmte the size of the interval intercepted by the
hairs. A typical stadia board is shown in Figur2Z Note that it is graduated in a manner that
facilitates counting the number of graduations ncegpted between the hairs. Each tenth of a foot is
marked by the point of one of the black, saw-todtgeaduations. The interval between the point of a
black tooth and the next adjacent white gullet leemvtwo black teeth represents 0.05 foot.

Figure 5-22. Stadia boards

k. Adjusting Pins. Surveying instruments are thunilsuch a way that minor adjustments can be
performed in the field without much time loss. Tddjustments are made by loosening or tightenieg th
capstan screws with adjusting pins. These pinsiranladed in the instrument box. They come in
various sizes, depending on the type of instruna@at the hole sizes of its capstan screws. To avoid
damage to the head of the capstan screw, use tfeetsize adjusting pin.

If you lose or break a pin, surveying-equipmentlelsawill usually replace them free of charge. Whi
conducting a survey, the adjusting pins should dreiexd in your pocket. This will save valuable ¢im
when the pins are needed. Do not use wires, ragitswdrivers, ink pens, or similar pointed iterss a
substitutes for adjusting pins.

l. Tape Repair Kit. Even though you handle thpetgroperly and carefully during field

measurements, some tapes still break under untresecumstances. During taping operations in the
field, the surveyor should always be sure to havexra tape or a tape repair kit with him so that
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can rejoin any broken tape (Figure 5-23). The tagpair kit usually contains a pair of small snifie
tape sections of proper size and graduations, d panch or bench punch with block, an assortment of
small rivets, a pair of tweezers, a small hammed, aasmall file. Before reusing a repaired tapeags
check its accuracy by comparing it with anotheettgat you know is correct.

/] ® o
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Figure 5-23. Tape repair kit

5-5. Field Supplies Field supplies consist of a variety of materigded to mark the locations of points
in the field. These materials are discussed irfdth@wing paragraphs.

a. Surveying Markers. The material used as aesgpoint marker depends on where the point
is located and whether the marker is to be of gteary, semipermanent, or permanent character.

(1) Temporary Markers. For purely temporary magkiit is often unnecessary to expend
any marking materials. For example, a point inir@y soil is often temporarily marked by a hole
made with the point of a plumb bob, a taping pinsome other pointed device. In rough taping of
distances, even the mere imprint of a heel in theigd may suffice. A point on a concrete surfa@g m
be temporarily marked by an X drawn with keel (lwnlerayon), a pencil, or some similar marking
device. A large nail serves well as a temporaigtgda relatively stable ground or compacted maitlsri

(2) Semipermanent Markers. Wooden hubs and stakes extensively used as
semipermanent markers of points in the field. phecipal distinction between the two markers igtth
the top of the hub is usually driven flush, or asinflush, with the ground; whereas with the stakes
left above the ground several inches.

(a) Wooden hubs are used to mark the station poirdn instrument setup. A survey's
tack, made of galvanized iron or stainless stet widepression in the center of the head, is drint®
the top of the hub to locate the exact point whbaeeinstrument is to be plumbed. Wooden hubs are
usually made of a 2- by 2-inch stock and are froto 42 inches long. The average length is about 8
inches; however, shorter lengths can be used id geound and longer lengths can be used in soft
ground.

(b) Wooden stakes that are improvised in the fieéd/ be cylindrical or any other shape
that is available. However, manufactured stakeseatangular in cross section because the fadbg of
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stake are often inscribed with data relevant topihiat that the stake is marking. A stake thatk®iar
bench mark, for instance, is inscribed with the lsghthat identifies the bench mark and the elevatio

A stake that marks a station on a traverse is ilbsdrwith the symbol of the particular station, ls@as 2

+ 45.06. A grade stake is inscribed with the nunadesertical feet of cut (material to be excavated

fill (material to be filled in) required to bringh¢ elevation of the surface to the specified grade
elevation. Figure 5-24 shows typical dimensionsaio average-sized hub and stake. These dimensions
however, may be modified as situations arise, sgchnaterial limitations.

A
\:{. /‘.\ 3-\7/ 2? ! \y
Tack
.5 yvanes

) \\

Figure 5-24. Hubs and stakes

(3) Permanent Markers. Permanent markers aretasedrk points that are to be used for a
long period of time. All permanent markers shobll referenced so that they can be replaced if
disturbed. Horizontal and vertical control stati@re generally marked with permanent markers.sd he
markers could be in the following forms:

(a) Surveyors Tacks, Spikes, and Nails. They a@ten driven into growing trees,
bituminous, or other semisolid surfaces as perntamankers. A nail will be more conspicuous ifst i
driven through a bottle cap, a washer, a plaspe,tar a "shiner.” A shiner is a thin metal diskamlike
the top or bottom of a frozen fruit-juice can.

(b) Spad. Itis a nail equipped with a hook fasgending a plumb bob. It is driven into

an overhead surface, such as the top of a tunfe¢ suspended plumb bob indicates the point on the
floor that is vertically below the spad.
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(c) Crosscuts on Existing Concrete Structures ackROutcrops. Points on concrete or
stone surfaces are often marked with an X by uaihgmmer and chisel. Another way to do this is to
cut holes with a star drill and then plug them wéhd.

(d) Metal Pipe. Metal pipe (usually called iroipg regardless of the actual metal used)
runs in lengths of about 18 to 24 inches. Sawédeofyths of pipe have open ends; pipes cut with a
shear have pinched ends and are called pinch pijpere are also manufactured marker pipes that are
T-shaped rather than cylindrical in cross sectidncommercial marker may consist of a copper-plated
steel rod. All commercial markers have caps omdbdahat permit center punching for precise point
location and stamping of the identifying informattio

(e) Concrete Monument. Concrete monuments oftere la short length of brass rod set
in them to mark the exact location of the poinedé&ral surveying agencies using concrete monuments
as permanent markers set identifying disks in tfgee Figure 5-25).

Corps of Engineers U.5 Army banch mark National gecdatic survay

baench mark disk stampad with
designation and yoar

Plan views

Side eievations

Figure 5-25. Brass Disks

(N Brass Disk. Manufactured brass disks, sintitathe ones shown in Figure 5-25, may
be set in grouted holes in street pavements, sidewsteps, or the tops of retaining walls.

b. Marking Materials. Keel (lumber crayon) ishéck crayon used for marking stakes or other
surfaces. Common marking devices that containiekeirying fluid and a felt tip are also popular fo
marking stakes. All of these types of graphic mmayknaterials come in various colors.

In addition to keel, paint is used to mark pavensemfaces. Paint may be brushed on or sprayeddrom
spray can. To make the location of a point conspis, use a circle, a cross, or a triangle.
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Identification symbols, such as station or travargebers, may also be painted on. For a neater job
stencils are sometimes used.

c. Flagging. Colored-cloth bunting or plasticedap often used to make stakes conspicuous so
that they will be easier to see. Flagging may dsaused for identification purposes. For example,
traverse stakes may be marked with one color, gstales with another. Red, yellow, orange, and
white are the most popular flagging colors.

d. Note-Keeping Materials. Field notes are uguldipt in a bound, standard field notebook.
Sometimes loose-leaf notebooks are used but argewral recommended because of the chance of
losing some pages. In the field notebook, the-Haftd side of the page is used for recording
measurement data and the right-hand side of the psmgused hr remark, sketches, and other
supplementary information.

e. Personal Protective and Safety Equipment. dthtian to the necessary field supplies and
equipment, a field surveying party must carry b# hecessary items of personal protective equipment
such as containers for drinking water, first-aitskgloves, and wet-weather gear, as needed, giage
usually work a considerable distance away fromntlagn operational base. For example, if you happen
to be taping through a marsh filled with icy watgsu would not have a chance to return to the base
get your rubber boots.

In construction areas where the assigned pers@maelequired to wear hard hats, often, you are also

required to wear a hard hat. Be prepared for @&ogtgon. Study the situation in advance, considger
both the physical and environmental conditions.
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LESSON 5

PRACTICE EXERCISE

The following items will test your grasp of the mahl covered in this lesson. When you have
completed the exercise, check your answer withatiever key that follows. If you answer any item
incorrectly, study again that part which contalms portion involved.

1.

What type of viewing magnification does the héael have?

A. Two times

B Reversed magnification
C. Short magnification

D No magnification

How many leveling screws are on the automatielie

A. Three
B. Four
C. Two
D. One

When should you make use of holes or crackkengtound for the tripod legs when setting up
the tripod?

A. When the tripod is set up on a hill.

B. When the tripod is set up on a smooth or slipseirface.
C. When the tripod is used in conjunction with ag@ pole.
D. Every time the tripod is set up.

When would it be recommended to use a targetlemeling rod?

A. When sights are obstructed through leaves anshbr

B When a constant grade is needed from one instntisetup.
C. When there is poor visibility.

D All of the above.

How is a 2- by 2-inch semipermanent wooden Habegl?

Flush or almost flush with the ground.
As a guard stake.

As the centerline of a road.

As a grade stake.

0w
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LESSON 5
PRACTICE EXERCISE
ANSWER KEY AND FEEDBACK
Item Correct answer and feedback

1. D No magnification
The hand level ... (page 5-6, para 5-1c(3) (b))

2. A Three
The automatic level has ... (page 5-4, para 3)Lc(

3. B When the tripod is set up on a smooth or slipsurface
On smooth or ... (page 5-12, para 5-4a(2)(a))

4. D All of the above
The leveling rod ... (page 5-16, para 5-4h(1))

5. A Flush or almost flush with the ground
The principal distinction ... (page 5-20, parad§2))
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ACCP

AIPD

AlSI

AMEDD

APO

app

AR

ASCE

attn

APPENDIX A

LIST OF COMMON ACRONYMS
A Greek letter used to identify an angle.
radical sign
second
angle
minute
plus
minus
ratio
equal
vinculum
degree
therefore
divide
Army Correspondence Course Program
Army Institute for Professional Development
automated integrated survey instrument
Army medical department
air post office
appendix
Army regulation
American Society of Civil Engineers

attention
A-1
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AV autovon

AWR answer weight reference

CDC Career Development Course

cos cosine

cot cotangent

csc cosecant

DC District of Columbia

DETC distance education and training council
DINFOS Defense Information School

DOD Department of Defense

EDM electronic distance measurement

elev elevation

EN engineer

EW east-west

FM field manual

ft feet

GD ground distance

HI height of instrument

ICE interservice correspondence exchange
inc incorporation

IPD Institute for Professional Development
JFK John Fitzgerald Kennedy

MD map distance

mil A unit of angular measurement equal to 1/640860°.
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MOS

military occupational specialty

NAVEDTRA Naval Education Training Aide

no

NS

PX

RCOAC

RF

RS

RYE

see

SGT

sin

SS

SSN

tan

™

TRADOC

us

VA

number

north-south

post exchange

Reserved Component Officer's Advanced Course
representative factor

response sheet

retirement year ending

secant

sergeant

sine

signal subcourse

social security number

tangent
technical manual

US Army Training and Doctrine Command
United States

Virginia
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APPENDIX B

RECOMMENDED READING LIST

CDC 3E551A. Engineering Journeyman, Volume 4, Plane Surveying. Undated.

FM 5-233. Construction Surveying. 4 January 1985.
NAVEDTRA 10696. Engineering Aid 3. September 1991.
TM 5-232. Elements of Surveying. 1 June 1971.

B-1

ENO591



THIS PAGE IS INTENTIONALLY LEFT BLANK.

ENO591 B-2



NATURAL TRIGONOMETRIC-FUNCTIONS TABLES

APPENDIX C

Minutes

CONINEWNN=O

LRSS 2 RT3 3 I LR I D T L T

/] Degree
Sin Cos Tan Cot
R —— E— —
0.00000 1.00000 0.00000 FRRRRINRENRERNERS
0.00029 1.00000 £.00029 3437.74667
0.00058 1.00000 0.00058 1718.87319
0.00087 1.00000 0.00087 1145.91530
0.00116 1.00000 0.00116 859.43630
0.00145 1.00000 0.00145 687.54887
0.00175 1.00000 0.00175 572.95721
0.00204 1.00000 0.00204 491.10600
0.00233 1.00000 0.00233 429.71757
0.00262 1.00000 0.00262 381.97093
0.00291 1.00000 0.00291 34377371
0.00320 0.99999 0.00320 31252137
0.00349 0.99999 0.00349 286.47773
0.00378 0.99999 0.00378 264.44080
0.00407 0.99999 0.00407 245.55158
0.00436 0.99999 0.00436 22918166
0.00465 0.99999 0.00465 214.85762
0.00495 0.9999% 0.00495 202.21875
0.00524 0.99998 0.00524 190.98419
0.00553 0.99998 0.00553 180.93220
0.00582 0.99998 0.00582 171.88540
0.00611 0.99998 0.00611 163.70019
0.00640 0.99998 0.00640 156.25908
0.00669 0.99998 0.00669 149.46502
0.00698 0.99998 0.00698 143.23712
0.00727 0.99997 0.00727 137.50745
0.00756 0.99997 0.00756 132.21851
0.00785 0.99997 0.00785 127.32134
0.00814 0.99997 0.00815 122.77396
0.00844 0.99996 0.00844 118.54018
0.00873 0.99996 0.00873 114.58865
0.00902 0.99996 0.00902 110.85205
0.00931 0.99956 0.00931 107.42648
0.00960 0.99995 G.00960 104.17094
0.00989 0.99935 0.00989 10110690
0.01018 0.99995 0.01018 98.21794
0.01047 0.99935 0.01047 95.48948
0.01076 0.99594 0.01076 92.90849
0.01105 0.99954 0.01105 90.46334
0.01134 0.99994 0.01135 88.14357
0.01164 0.99993 0.01164 85.93979
0.01183 0.99993 0.01193 83.84351
0.01222 0.99933 0.01222 81.84704
0.01251¢ 0.99992 0.01251 79.94343
0.01280 0.99992 0.01280 78.12634
0.01309 0.99991 0.01309 76.39001
0.01338 0.99991 0.01338 T4.72917
0.01367 0.99991 0.01367 73.13899
0.01396 0.99990 0.01396 71.61507
0.01425 0.99990 0.01425 70.15335
0.01454 0.99989 0.01455 68.75009
0.01483 0.99989 0.01484 67.40185
0.01513 0.99989 0.01513 66.10547
0.01542 0.99988 0.01542 64.85801
0.01571 0.99988 0.01571 63.65674
0.01600 0.99987 0.01600 62.49915
0.01629 0.99987 0.01629 61.38291
0.01658 0.99586 0.01658 60.30582
0.01687 0.99986 0.01687 59.26587
0.01716 0.99985 0.01716 58.26117
0.01745 0.99985 0.01748 57.28996
Cos Sin Cot Tan
89 Degrees
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1

Degres

Minutes ____Sin Cos. Tan Cot
0 0.01745 0.99985 0.01748 57.28596 60
1 0.01774 0.99984 0.01775 56.35059 59
2 0.01803 0.99984 0.01804 55.44152 58
3 0.01832 0.99983 0.01833 54.56130 57
4 0.01862 0.99983 0.018682 5§3.70859 56
5 0.01891 0.99982 0.01891 52.88211 55
6 0.01920 0.59582 0.01920 52.08087 54
7 0.01949 0.95981 0.01948 51.30318 53
8 0.01978 0.99980 0.01978 50,54851 52
9 0.02007 0.99980 0.02007 4981573 51
10 0.02036 0.99979 0.02038 49,10388 50
11 0.02085 099979 0.02068 48.41208 49
12 0.02094 0.99578 0.02095 47.73950 48
13 0.02123 0.99977 0.02124 47.08534 47
14 0.02152 0.99577 0.02153 48.44858 48
15 0.02181 0.89976 0.02182 - 45.82935 45
16 0.02211 0.99976 0.02211 45.22814 44
17 0.62240 0.99975 0.02240 4463860 43
18 0.02269 0.99974 0.02269 4406611 42
19 0.02298 0.99974 0.02298 43.50812 4
20 0.02327 0.89973 0.02328 42.96408 40
21 0.02358 0.99972 0.02357 42.43346 39
22 0.02385 0.99972 0.02386 4191579 38
23 0.02414 0.99971 0.02415 41.41059 37
24 0.02443 0.93970 0.02444 4091741 36
25 0.02472 0.99969 0.02473 40.43584 b5
28 0.02501 0.99969 0.02502 39.96546 M
27 0.02530 0.99968 0.02531 39.50589 33
28 0.02560 0.99967 0.02560 39.05677 32
29 0.02589 0.99968 0.02589 3861774 31
a0 0.02618 0.99968 0.02619 38.18846 30
31 0.02647 0.999365 0.02648 37.76B61 29
32 0.02676 0.99964 0.02677 37.35789 28
33 0.02705 0.99963 0.02706 36.95600 27
34 0.02734 0.99963 0.02735 36.56266 26
35 0.02783 0.99962 0.02764 36.17760 25
36 0.02792 0.99961 0.02793 35.80055 24
37 0.02821 0.99950 0.02822 35.42128 23
K 0.02850 0.9995% 0.02851 35.06955 22
39 0.02879 0.99959 0.02881 34.71512 21
40 0.02908 0.99958 0.02910 34.36777 20
41 0.02938 0.99957 0.02939 34.02730 19
42 0.02967 0.99958 0.02968 33.69351 18
43 0.02998 0.99955 0.02997 33.36619 17
44 0.03025 0.99954 0.03028 33.04517 18
45 0.03054 0.99953 0.03055 32.73026 15
48 0.03083 0.99952 0.03084 32.42129 14
47 0.03112 0.89852 0.03114 32.11810 13
48 0.03141 0.59951 0.03143 31.82052 12
49 0.03170 0.99950 0.03172 31.52839 1
50 0.03159 0.9994% 0.03201 31.24158 10
51 0.03228 0.99548 0.03230 30.85993 9
52 0.03257 0.99947 0.03259 30.68331 8
53 0.03286 0.99946 0.03288 30.41158 7
54 0.03318 0.99945 0.03317 30.14462 8
55 0.03345 0.99944 0.03348 29.88230 5
56 0.03374 0.99943 0.03378 29.62450 4
57 0.03403 0.99942 0.03405 29.37111 3
58 0.03432 0.99941 0.03434 29.12200 2
59 0.03461 0.99940 0.03483 28.87709 1
60 0.03480 0.99939 0.03492 28.83625 0
Cos Sin Cot Tan Minutes
as Degrees
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Minutes

VRN ALNO=O
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2 Degres
=3I Cos Jan Cot
0.03490 0.99939 0.03492 28.63625
0.03519 0.93938 0.03521 28.39540
0.03548 0.99937 0.03550 28.16642
0.03577 0.95938 0.03579 27.93723
0.03606 0.99935 0.03609 27. 71174
0.03635 0.99934 0.03638 27.48985
0.03664 0.99933 0.03667 27.27149
0.03693 0,99932 0.03696 27.05656
0.03723 0.89931 0.03725 26.84498
0.03752 0.55930 0.03754 28.63669
0.03781 0.99929 0.03783 26.43160
0.03810 0.99927 0.03812 26.22964
0.03839 0.99926 0.03842 26.03074
0.03863 0.95925 0.03871 25.83482
0.03897 0.95924 £.03900 25.64183
0.03926 0.95923 0.03929 25.45170
0.03955 0.99922 0.03958 25.26436
0.03584 0.99921 0.03987 25.07976
0.04013 0.99919 0.04016 24.89783
0.04042 0.99918 0.04046 24.71851
0.04071 0.99917 0.04075 2454176
0.04100 0.99916 0.04104 24.36751
0.04129 0.99915 0.04123 24.19571
0.04159 0.99913 0.04162 2402632
0.04188 0.95912 0.04191 23.85928
0.04217 0.99911 0.04220 23.69454
0.04246 0.99910 £.04250 23.53205
0.04275 0.99509 0.04279 23.37178
0.04304 0.99307 0.04308 23.21367
0.04333 0.99508 0.04337 23.05768
0.04362 0.99905 0.043668 22.90377
0.043N 0.99904 0.04395 22.75189
0.04420 0.99502 0.04424 22.60201
0.04449 0.99901 0.04454 22.45410
0.04478 0.99900 0.04483 2230810
0.04507 0.95898 0.04512 2216398
0.04536 0.99897 0.04541 22.02171
0.04565 0.99898 0.04570 21.88125
D.045%94 0.9989%4 0.04599 21.74257
0.04623 0.99893 0.04628 21.60563
0.04653 0.99802 0.04658 21.47040
0.04882 0.99890 0.04687 21.33685
0.04711 0.99889 0.04716 21.20495
0.04740 0.99888 0.04745 21.07466
0.04789 0.998868 0.04774 20.94597
0.04798 0.59885 0.04803 20.81883
0.04827 0.99883 0.04833 2069322
0.04856 0.99882 0.04862 20.56911
0.04885 0.99881 0.04891 20.44649
0.04914 0.99879 0.04920 2032531
0.04943 0.99878 0.04949 20.20555
0.04972 0.99876 0.04578 20.08720
0.05001 0.99875 0.05007 19.97022
0.05030 0.99873 0.05037 19.85459
0.05059 0.99872 0.05066 19.74029
0.05088 0.99870 0.05095 19.62730
0.05117 0.99369 0.05124 19.51558
0.05146 0.99867 0.05153 19.40513
0.05175 0.99868 0.05182 19.29592
0.05205 0.956864 0.05212 19.18793
0.05234 0.99863 0.05241 19.08114
Cos Sin Cot Tean
14 Degrees
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Minutes
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3 Degres
Sin Cos, L)) <2t
0.05234 0.99863 0.05241 1908114
0.05263 0.93861 0.05270 18.97552
0.05292 0.99860 0.05299 18.87107
0.05321 0.99858 0.05328 18.76775
0.05350 0.99857 0.05357 18.66556
0.05379 0.99855 0.05387 18.56447
0.05408 0.99854 0.05418 18.4G447
0.05437 0.99852 0.05445 18.36554
0.05466 0.99851 0.05474 18.26765
0.05495 0.99849 0.05503 18.17081
0.05524 0.99847 0.05533 18.07498
0.05553 0.99848 0.05562 17.98015
0.05582 0.99844 0.05591 17.88831
0.05611 0.99842 0.05620 17.79344
0.05640 0.99841 0.05649 17.70153
0.05669 0.99839 0.05678 17.61058
0.05698 0.95838 0.05708 17.52052
0.05727 0.998386 0.05737 17.43139
0.05756 0.99834 0.05768 17.34315
0.05785 0.99833 0.05795 17.25581
0.05814 0.99831 0.05824 17.16934
0.05844 0.95829 0.05854 17.08372
0.05873 0.99827 0.05883 16.99896
0.05902 0.99826 0.05912 16.91503
0.05931 0.99824 0.05941 16.83191
0.05960 0.99822 0.05970 18.74981
0.05989 0.99821 0.05539 16.68011
0.06018 0.59819 0.06029 16.58740
0.06047 0.99817 0.06058 16.50746
0.060786 0.99815 0.06087 16.42828
0.06105 0.99813 0.08116 16.34986
0.06134 0.59812 0.06145 18.27217
0.08183 0.59810 0.08175 18.19523
0.06192 0.95808 0.06204 16.11900
0.06221 0.59808 0.06233 16.04348
0.06250 0.99804 0.06262 15.96867
0.06279 0.99803 0.06291 15.89454
0.06308 0.99801 0.06321 15.82110
0.06337 0.99799 0.06350 15.74834
0.06368 0.99797 0.06379 15.87623
0.06395 0.99795 0.06408 15.60478
0.068424 0.99793 0.065438 15.53398
0.06453 0.99792 0.06467 15.46381
0.06482 0.99790 0.06498 15.39428
0.06511 0.99788 0.06525 15.32538
0.06540 0.99788 0.06554 15.25705
0.06569 0.99784 0.06564 15.1B935
0.08598 0.99782 0.06613 15.12224
0.06627 0.99780 0.06642 15.05572
0.06656 0.99778 0.06671 14.98978
0.06685 0.99776 0.06700 14.92442
0.06714 0.99774 0.06730 14.85982
0.06743 0.99772 0.06759 14.79537
0.06773 0.99770 0.06788 14.73168
0.06802 0.99768 0.06817 14.66853
0.06831 0.99766 0.06847 14.60592
0.06860 0.99764 0.06876 14.54383
0.06839 0.98762 0.06905 14.48227
0.06918 0.99760 0.06934 14.42123
0.06947 0.99758 0.06963 14.36070
0.06978 0.99758 0.06993 14.30067
Cos Sin Cot Tan
86 Degrees
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4 Degree
Sio oz, Jan, Cot
0.06976 0.99756 0.06993 14.30067
0.07005 0.99754 0.07022 14.24113
0.07034 0.99752 0.07051 1418209
0.07063 0.99750 0.07080 14.12354
0.07092 0.99748 0.07110 14.06546
0.07121 0.89748 0.07139 14.00786
0.07150 0.89744 0.07168 13.95072
0.07179 0.99742 0.07197 13.89405
0.07208 0.99740 0.07227 13.83783
0.07237 0.99738 0.07256 13.78206
0.07266 0.95736 0.07285 13.72674
0.07295 0.99734 0.07314 13.67185
0.07324 0.99731 0.07344 13.61741
0.07353 0.99729 0.07373 13.56339
0.07382 0.89727 0.07402 13.50980
0.07411 0.99725 0.07431 13.45663
0.07440 0.99723 0.07461 13.40387
0.07469 0.99721 0.07490 13.35152
0.07498 0.99719 0.07519 13.29957
0.07527 0.99716 0.07548 13.24803
0.07556 0.99714 0.07578 13.19688
0.07585 0.99712 0.07607 13.14613
0.07614 0.99710 0.07636 13.09576
0.07643 0.99708 0.07665 13.04577
0.07672 0.99705 0.07695 12.99616
0.07701 0.98703 0.07724 12.84692
0.07730 0.99701 0.07753 12.89806
0.07759 0.99693 0.07782 12.84956
0.07788 0.99696 0.07812 12.80142
0.07817 0.59694 0.07841 12.75363
0.07846 G.99692 0.07870 12.70620
0.07875 0.99689 0.07899 12.685912
0.07904 0.99687 0.07929 12.61239
0.07933 0.99685 0.07958 12.56600
0.07962 0.99683 0.07987 12.51994
0.07931 0.99680 0.08017 12.47422
0.08020 099678 0.08046 12.42883
0.08049 0.99676 0.08075 12.38377
0.08078 0.99673 0.08104 12.33903
0.08107 0.59671 0.08134 12.29461
0.08136 0.59668 0.08163 12.25051
0.08165 0.59666 0.08192 12.20672
0.08194 0.99564 0.08221 12.16324
0.08223 0.99661 0.08251 12.12006
0.08252 0.99659 0.08280 12.07719
0.08281 0.99657 0.08303 12.03462
0.08310 0.99654 0.08339 11.99235
0.0833¢ 0.99652 0.08368 11.95037
0.08368 0.95549 0.08397 11.50868
0.08397 0.99647 0.08427 11.86728
0.08426 0.92544 0.0B456 11.82617
0.08455 0.99642 0.08485 11.78533
0.08484 0.99638 0.0B514 11.74478
0.08513 0.99637 0.08544 11.70450
0.08542 0.99635 0.08573 11.66450
0.08571 0.99632 0.08602 11.62476
0.08600 0.99630 0.08632 11.58529
0.08629 0.98627 0.08661 11.54609
0.08658 0.99625 0.085690 11.50715
0.08687 0.99622 0.08720 11.46847
0.08716 0.99619 0.08749 11.43005
Cos Sin Cot Tan
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Degree

Sin Cos Tan Cot
0.08716 0.99619 0.08749 11.43005
0.08745 0.99617 0.08778 11.39188
0.08774 0.99614 0.08807 11.235397
0.08803 0.93612 0.08837 11.31630
0.08831 0.99609 0.08866 11.27889
0.08860 0.99607 0.08895 11.24171
0.08889 0.99604 0.08925 11.20478
0.08918 0.99602 0.08954 11.16809
0.08947 0.99599 0.08983 11.13163
0.08976 0.99596 0.09013 11.09542
0.09005 0.99594 0.09042 11.05943
0.09034 0.99591 0.02071 11.02368
0.09063 0.99588 0.09101 10.88815
0.09092 0.99586 0.09130 10.95285
0.09121 0.98583 0.09159 1091777
0.09150 0.99580 0.09189 10.88292
0.09172 0.59578 0.09218 10.84829
0.09208 0.99575 0.03247 10.81387
0.09237 0.99572 0.09277 10.77967
0.09266 0.93570 0.09306 10.74569
0.09295 0.99567 0.09335 10.71191
0.09324 0.99564 0.09365 10.67835
0.09353 0.99562 0.09394 10.64493
0.09382 0.99559 0.09423 10.61184
0.09411 0.99556 0.09453 10.57889
0.09440 0.99553 0.08482 10.54615
0.09469 0.99551 0.09511 10.51361
0.09498 0.99548 0.09541 10.48126
0.09527 0.99545 0.09570 10.44911
0.09556 0.99542 0.09600 10.41716
0.09585 0.99540 0.09629 10.38540
0.0c9614 0.99537 0.09658 10.35383
0.05642 0.99534 0.09688 10.32245
0.09671 0.99531 0.09717 10.29126
0.09700 0.99528 0.08746 10.26025
0.09729 0.99526 0.09776 10.22943
0.09758 0.99523 0.09805 10.19879
0.09787 0.99520 0.09834 10.16833
0.09816 0.99517 0.09864 10.13805
0.09845 0.99514 0.09893 1010795
0.09874 0.99511 0.05923 1007803
0.05%03 0.99508 0.05952 10.04828
0.09932 0.99506 0.09981 10.01871
0.09961 0.59503 0.10011 9.98931
0.09990 0.99500 0.10040 9.96007
0.10019 0.59497 0.10069 9.93101
0.10048 0.93494 0.10089 9.90211
0.10077 0.99491 0.10128 9.87338
0.10106 0.99488 0.10158 9.84482
0.10135 0.99485 0.10187 9.81641
0.10164 0.89482 0.102¢6 9.78817
0.10192 0.99479 0.10246 9.76009
0.10221 0.99476 0.10275 973217
0.10250 0.99473 0.10305 9.70441
0.10279 0.99470 0.10334 9.67680
0.10308 0.99467 0.10363 9.64935
0.10337 0.99464 0.10393 9.62205
0.10366 0.99461 0.10422 9.59490
0.10395 0.99458 0.10452 9.56791
0.10424 0.99455 0.10481 9.54106
0.10453 0.99452 0.10510 9.51436

Cos Sin Cot Tan
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Sin_ Cos Tan Cot
D.10453 0.95452 0.10510 9.51436
0.10482 0.93449 0.10540 9.48781
0.10511 0.99446 0.10569 9.46141
0.10540 0.99443 0.10559 9.43515
0.10569 0.99440 0.10628 9.4059504
0.10597 0.99437 0.10657 9.38357
0.10626 0.99434 0.10687 9.35724
0.10655 0.99431 0.10716 9.33155
0.10684 0.99428 0.10746 9.30599
0.10713 0.93424 0.16775 9.28058
0.10742 0.99421 0.10805 9,25530
0.107M1 0.93418 0.10834 9.23016
0.10800 0.98415 0.10863 9.20516
0.10823 0.99412 0.10893 9.18028
0.10858 0.93409 0.10922 9.15554
0.10837 0.99408 0.10952 9.13093
0.10916 0.99402 0.10981 9.10646
0.10945 0.89939% 0.11011 9.08211
0.10973 0.99396 0.11040 9.05789
0.11002 0.99333 0.11070 $.0337%
0.11031 0.99390 0.11099 9.00983
0.11060 0.93386 0.11128 8.98598
0.11089 0.99383 0.11158 8.96227
0.11118 0.99380 0.11187 8.93857
0.11147 0.99377 011217 8.91520
0.11176 0.99374 0.11246 8.89185
0.11205 0.99370 0.11276 8.86862
011234 0.89367 0.11305 8.84551
0.11263 0.99364 0.11335 8.82252
0.11291 0.99360 0.11364 8.79964
0.11320 0.99357 0.113594 8.77689
0.11349 0.99354 0.11423 B8.75425
0.11378 0.99351 0.11452 B.73172
0.11407 0.99347 0.11482 B.709831
0.11436 0.99344 0.11511 B.68701
0.11485 0.99341 0.11541 B.66482
0.11454 0.98337 0.11570 8.64275
0.11523 0.99334 0.11600 B8.62078
0.11552 0.99331 0.11629 8.59893
0.11580 0.69327 0.11659 8.57718
0.11609 0.99324 0.11688 8.555855
0.11638 0.59320 0.11718 8.53402
0.11667 0.99317 O.11747 B.51259
0.11696 0.99314 011777 8.49128
0.11725 0.93310 0.11806 8.47007
0.11754 0.99307 0.11836 8.44896
0.11783 0.95303 0.11865 8.42795
0.11812 0.99300 0.11895 8.40705
0.11840 0.95297 0.11924 8.38625
0.11869 0.98293 0.11954 8.36555
0.11898 0.95290 0.11983 8.34496
0.11927 0.99286 0.12013 8.32446
0.11956 0.99283 0.12042 8.30406
0.11985 0.99279 0.12072 8.28376
0.12014 0.98276 0.12101 8.26355
0.12043 0.99272 0,12131 8.24345
0.12071 0.99269 0.12160 8.22344
0.12100 0.99265 0.12190 8.20352
0.12129 0.99262 0.12219 8.18370
0.12158 0.99258 0.12248 8.16398
0.12187 0.99255 0.12278 8.14435
Cos Sin Cot Tan
83 Degrees
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Sin Cos Tan Cot
0.12187 0.93255 0.12278 8.14435
0.12218 0.99251 0.12308 8.12481
0.12245 0.99248 0.12338 8.10536
0.12274 0.99244 0.12367 8.08600
0.12302 0.99240 0.12397 8.06674
0.12331 0.99237 0.12426 8.04756
0.12360 0.99233 0.12458 8.02848
0.12389 0.99230 0.12485 8.00948
0.12418 0.99226 0.12515 7.99058
0.12447 0.99222 0.12544 7.97176
0.12476 0.99219 0.12574 7.95302
0.12504 0.99215 0.12603 7.93438
0.12533 0.89211 0.12633 7.91582
0.12562 0.99208 0.12662 7.89734
0.12591 0.93204 0.12692 7.87895
0.12620 0.939200 D.12722 7.86064
0.12649 0.99197 0.12751 7.84242
0.12878 0.99193 0.12781 7.82428
0.12706 0.95183 0.12810 7.80622
0.12735 0.99186 0.12840 7.78825
0.12764 0.99182 0.12869 7.77035
0.12793 0.89178 0.12899 7.75254
0.12822 0.99175 0,12920 7.73480
0.12851 0.99171 0.12558 7.71715
0.12880 0.99167 0.12988 7.69957
0.12908 0.991863 0.13017 7.68208
0.12937 0.99160 0.13047 7.66465
0.12966 0.99156 0.13076 7.64732
0.12995 0.99152 0.13106 7.63005
0.13024 0.99148 0.13t36 7.61287
0.13053 0.99144 0.13165 7.59575
0.13081 0.99141 0.1319% 7.57872
0.13110 0.99137 0.13224 7.56176
0.13139 0.99133 0.13254 7.54487
0.13t68 0.99129 0.13284 7.52806
0.13197 0.99125 0.13313 7.51132
0.13226 0.99122 0.13343 7.49465
0.13254 0.93118 0.13372 7.47808
0.13283 0.99114 0.13402 7.46154
0.13312 0.99110 0.13432 7.44509
0.133414 0.99106 0.13461 7.42871
0.13370 0.99102 0.13491 7.41240
0.13399 0.99098 0.13521 71.33618
0.13427 0.99094 0.13550 7.37999
0.13456 0.99051 0.13580 7.36389
0.13485 0.99087 0.13609 7.347886
0.13514 0.99083 0.13639" 7.33190
0.13543 0.99079 0.13669 7.31600
0.13572 0.99075 0.13698 7.30018
0.13600 0.99071 0.13728 7.28442
0.13629 0.99067 0.13758 7.26873
0.13658 0.99063 0.13787 7.25310
0.13687 0.99059 0.13817 7.23754
0.13716 0.99055 0.13846 7.22204
0.13744 0.99051 0.13876 7.206861
0.13773 0.95047 0.13906 7.19125
0.13802 0.99043 0.13935 717594
0.13831 0.99039 0.13965 7.16071
0.13860 0.99035 0.13995 7.14553
0.13839 0.99031 0.14024 7.13042
013917 0.99027 0.14054 7.11537

Cos Sin Cot Tan

82 Degrees
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Sin Los Tan_ Lot

0.13917 0.89027 0.14054 7.41537
0.13946 0.99023 0.14084 7.10038
0.13975 0.99019 0.14113 7.08546
0.14004 0.99015 0.14143 7.07059
0.14033 0.99011 0.14173 7.05579
0.14061 0.99006 0.14202 7.04105
0.14090 0.99002 0.14232 7.02637
0.14119 0.98938 0.14262 7.01174
0.14148 0.98994 0.14291 6.95718
0.14177 0.88590 0.14321 6.98268
0.14205 0.98986 0.14351 6.96823
0.14234 0.98982 0.14381 6.95385
0.14263 0.98978 0.14410 6.93852
0.14292 0.98973 0.14440 8.92525
0.14320 0.98969 0.14470 6.91104
0.14349 0.98965 0.14493 6.89688
0.14378 0.98961 0.14529 6.88278
0.14407 0.98957 0.14559 6.96874
0.14438 0.58853 0.14588 6.85475
0.14464 0.98948 0.14518 6.84082
0.14493 0.98944 0.14548 6.82694
0.14522 0.98940 0.14578 6.81312
0.14551 0.98936 0.14707 6.79936
0.14580 0.98931 0.14737 6.78564
0.14508 0.98927 0.14767 8.77199
0.14837 0.98923 0.14796 6.75838
0.146€6 0.98918 0.14826 6.74483
0.14685 0.98914 0.14856 6.73133
0.14723 0.98910 0.14886 6.71789
0.14752 0.98506 0.14915 6.70450
0.14781 0.98902 0.14345 6.69116
0.14810 0.98897 0.14975 6.67787
0.14838 0.98893 0.15005 6.66463
0.14867 0.98889 0.15034 6.65144
0.14896 0.98884 0.15064 6.63831
0.14925 0.98880 0.15094 6.62523
0.14954 0.98876 0.15124 6.61218
0.14982 0.98871 0.15153 6.59921
0.15011 0.98867 0.15183 8.58627
0.15040 0.98853 0.15213 6.57339
0.15069 0.98858 0.15243 6.56055
0.15097 0.58854 0.15272 8.54777
0.15126 0.98849 0.15302 6.53503
0.15155 0.98845 0.15332 6.52234
0.15184 0.98841 0.15362 6.50970
0.15212 0.58836 0.15391 6.49710
0.15241 0.98832 0.15421 6.48456
0.15270 0.98827 0.15451 6.47206
0.15299 0.98823 0.15481 5.45961
0.15327 0.98818 0.15511 6.44720
0.15356 0.98814 0.15540 6.43484
0.15385 0.98809 0.15570 6.42253
0.15414 0.98805 0.15600 6.41028
0.15442 0.98800 0.15630 6.39804
0.15471 0.98796 0.15660 6.38587
0.15500 0.98791 0.15689 6.37374
0.15529 0.98787 0.15719 6.36165
0.15557 0.98782 0.15749 6.34961
0.15586 0.98778 0.15779 £.33761
0.15615 0.98773 0.15809 6.32566
0.15643 0.98769 0.15838 6.31375

Cos Sin Cot Tan
81 Degrees
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9 Degree

Sin Cos Jan Cot_
0.15643 0.98769 0.15838 6.31375
0.15672 0.98764 0.15868 6.30189
0.15701 0.98760 0.15898 6.29007
0.15730 0.98755 0.15928 8.27829
0.15758 0.98751 0.15959 6.26655
0.15787 0.98746 0.15988 6.25486
0.15816 0.98741 0.16017 5.24321
0.15845 0.98737 0.16047 6.23160
0.15873 0.98732 0.16077 £6.22003
0.15902 0.98728 0.16107 6.20851
0.15931 0.98723 0.16137 6.19703
0.15959 0.98718 0.18167 6.18559
0.15988 0.98714 0.16196 8.17419
0.16017 0.98709 0.16226 6.16283
0.16046 0.98704 0.16258 6.15151
0.16074 0.88700 0.16286 8.14023
0.16103 0.98695 0.16318 6.12899
0.16132 0.98690 0.16348 8.11778
0.16160 0.98686 0.16376 6.10864
0.16188 0.98681 0.16405 6.09552
0.16218 0.98676 0.16435 8.08444
0.16246 0.98671 0.16465 8.07340
0.16275 0.98667 0.16495 6.06240
0.16304 0.98662 0.16525 - 6.05143
0.16333 0.98657 0.16555 6.04051
0.16361 0.98652 0.16585 6.02962
0.16390 0.98648 0.16615 6.01878
0.16419 0.98643 0.16645 6.00797
0.16447 0.98638 0.16674 5.99720
0.16476 0.98633 0.16704 598648
0.16505 0.98629 0.16734 5.97576
0.16533 0.98624 0.16764 5.96510
0.16562 0.98619 0.16794 5.95448
0.16591 0.98614 D.16824 5.94390
0.16620 0.98609 0.16854 5.93335
0.16648 0.98604 0.16684 5.92283
0.16677 0.98600 0.16914 5.91236
0.16706 0.98535 0.16944 5.90191
C.16734 0.98590 0.16974 5.89151
0.16763 0.98585 0.17004 588114
0.16792 0.98580 0.17033 5.87080
0.16820 0.98575 0.17063 5.86051
0.16849 0.98570 0.17093 5.85024
0.16878 0.98565 0.17123 5.84001
0.16906 0.98561 0.17153 5.82982
0.16935 0.98556 0.17183 5.81968
D.16964 0.98551 0.17213 5.80953
0.16992 0.98546 0.17243 5.79944
0.17021 0.98541 0.17273 5.78938
0.17050 0.98536 0.17303 5.77936
0.17078 0.98531 0.17333 5.76937
0.17107 0.98526 0.17363 5.75941
0.17136 0.98521 0.17393 5.74945
0.17164 0.98516 0.17423 5.73960
0.17193 0.98511 0.17453 5.72974
0.17222 0.98506 0.17483 5.71802
0.17250 0.98501 0.17513 571013
0.17279 0.58496 0.17543 5.70037
0.17308 0.98491 0.17573 5.65064
0.17338 0.58486 0.17603 5.68094
0.17365 0.98481 0.17633 5.67128

Cos Sin Cot Tan
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Sin Cos Tan Cot
0.17365 0.98481 0.17633 567128
0.17393 0.98476 0.17663 5.66165
0.17422 0.98471 0.17693 5.65205
0.17451 0.98466 0.17723 5.64248
0.17479 0.98461 0.17753 5.63295
0.17508 0.98455 0.17783 5.62344
0.17537 0.98450 0.17813 5.61397
0.17565 0.98445 0.17843 5.60452
0.17594 0.98440) D0.17873 5.59511
0.17623 0.98435 0.17903 5.58573
0.17651 0.88430 0.17933 5.57638
0.17680 0.98425 0.17963 5.56706
0.17708 0.98420 0.17993 5.85777
017737 0.98414 0.18023 5.54851
0.17766 0.98409 0.18053 5.53827
0.17754 0.98404 0.18083 5.53007
0.17823 0.98399 0.18113 5.52090
0.17852 0.98394 0.18143 551176
0.17880 0.98389 0.18173 5.50264
0.17909 0.98383 0.18203 5.49356
0.17937 0.98378 0.18233 5.48451
0.17966 0.88373 0.18263 5.47548
0.17995 0.58368 0.18293 5.46648
0.18023 0.98362 0.18323 5.45751
0.18052 0.58357 0.18353 5.44857
0.18081 0.98352 0.18384 5.43066
0.18109 0.98347 0.18414 5.43077
0.18138 0.98341 0.18444 5.42192
0.18166 0.98336 0.18474 5.41309
0.18195 0.98331 0.18504 5.40429
0.18224 0.93325 0.18534 5.39552
0.18252 0.98320 0.18564 5.38677
0.18281 0.98315 0.18594 5.37805
0.18303 0.98310 0.18624 5.36936
0.18338 0.98304 0.18654 5.36070
0.18367 0.98299 0.18684 5.35206
0.18395 0.98294 0.18714 5.34345
0.18424 0.98288 0.18745 5.33487
0.18452 0.98283 0.18775 532631
0.18481 0.98277 0.18805 5.31778
0.18509 0.98272 0.18835 5.30928
0.18538 0.98267 0.18865 5.30080
0.1B567 0.98281 0.1B895 5.29235
0.18595 0.98256 0.18925 5.28393
0.18624 0.98250 0.18955 5.27553
0.18652 0.98245 0.18986 5.26715
0.18681 0.98240 0.19016 5.25880
0.18710 0.98234 0.19046 5.25048
0.18738 0.98229 0.19076 524218
0.18767 0.98223 0.19306 5.23391
0.18795 0.98218 0.19136 5.22565
0.18824 0.98212 0.19166 521744
0.18852 0.98207 0.19197 5.20925
0.18881 0.93201 0.19227 5.20107
0.18910 0.58196 0.19257 5.19293
0.18938 0.98190 0.19287 5.18480
0.18967 0.98185 0.19317 5.17671
0.18995 0.98179 0.19347 5.16863
0.19024 0.98174 0.19378 5.16058
0.19052 0.98168 0.19408 5.15256
0.19081 0.98163 0.19438 5.14455

Cos Sin Cot Tan

7 Degrees
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Degree

Sin Cos Jan Cot
0.19081 0.98163 0.19438 5.14455
0.19109 0.98157 0.13468 5.13658
0.19138 0.98152 0.19498 5.12862
0.19167 0.98146 0.19529 5.12069
0.19195 0.98140 0.19559 5.11279
0.19224 0.98135 0.19589 5.10490
0.19252 0.88129 0.19619 5.09704
0.19281 0.98124 0.19649 5.08921
0.19305 0.98118 0.19680 5.08138
0.19338 0.98112 0.19710 5.07360
0.15366 0.58107 0.19740 5.06584
0.193985 0.88101 0.19770 5.05809
0.19423 0.98096 0.19801 5.05037
0.19452 0.98030 0.19831 5.04267
0.19481 0.98084 0.19861 5.03499
0.19509 0.98079 0.19891 5.02734
0.19538 0.98073 0.13%21 5.01971
0.19566 0.98067 0.19952 5.01210
0.19585 0.98061 0.19982 5.00451
0.19623 0.98056 0.20012 4.99695
0.19652 0.98050 0.20042 4.98940
0.19680 0.98044 0.20073 4.98188
0.19709 0.98039 0.20103 497438
0.19737 0.98033 0.20133 4.96690
0.19766 0.98027 0.20164 4.95945
0.19794 0.98021 0.20194 4.95201
0.19823 0.98016 0.20224 4.94460
0.19851 0.98010 0.20254 4.93721
0.19880 0.98004 0.20285 4.92984
0.18908 0.97998 0.20315 492249
0.19937 0.97952 0.20345 491518
0.18965 0.97987 0.20376 490785
0.19994 0.97981 0.20406 4,90056
0.20022 0.97975 0.20436 4.89330
0.20051 0.97969 0.20466 4. B8605
0.20079 0.97963 0.20497 4.87882
0.20108 0.97958 0.20527 487162
0.20136 0.97952 0.20557 4.86444
0.20165 0.97946 0.20588 485727
0.20193 0.97940 0.20618 4.85013
0.20222 0.97934 0.20648 4.84300
0.20250 0.97928 0.20679 4.83590
0.20279 0.97922 0.20709 4.82882
0.20307 0.97916 0.20739 482175
0.20336 0.97910 0.20770 4.81471
0.20364 0.97905 0.20800 4.80769
0.20393 0.97899 0.20830 4.80068
0.20421 D.97893 0.20861 4.79370
0.20450 0.97B87 0.2089% 4.78673
0.20478 0.97881 0.20921 4.77978
0.20507 0.97875 0.20952 477286
0.20535 0.97869 0.20982 4,76595
0.20563 0.97863 0.21013 4.75906
0.20592 0.97857 £.21043 4.75219
0.20620 0.97851 0.21073 4.74534
0.20649 0.97845 0.21104 4.73851
0.20677 0.97839 0.21134 473170
0.20706 0.97833 0.21164 4.72490
0.20734 0.97827 0.21195 4.71813
0.20763 0.97821 0.21225 471137
0.20791 0.97815 0.21256 470483

Cos Sin Cot Ten

78 Degrees
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12 Degree
Sin Cos Tan Cot
0.20791 0.97815 0.21256 4.70463
0.20820 0.97808 0.21286 4.697H
0.20848 0.97803 0.21316 4.69121
0.20877 0.97797 0.21347 4.68452
0.20905 0.977TN 0.21377 4 67786
0.20933 0.97784 0.21408 467121
0.20962 0.97778 0.21438 4.66458
0.20990 097772 0.21469 4.65797
0.21018 0.97766 0.21499 465138
0.21047 0.97760 0.21529 4 84480
0.21076 0.97754 0.21560 4.63825
0.21104 0.97748 0.21590 4.63171
0.21132 0.97742 0.21621 4 62518
0.21161 0.97735 D.21651 4.61868
0.21189 0.97729 D.21682 461219
0.21218 0.97723 0.21712 4.60572
0.21246 0.91717 0.21743 4.59927
0.21275 0.97711 0.21773 4.59283
0.21303 0.97705 0.21804 4.58641
0.21331 0.97698 0.21834 4.58001
0.21360 0.97692 0.21864 4.57363
0.21388 0.97686 0.21895 4.56726
0.21417 0.97680 0.21825 4.56091
0.21445 0.97673 0.21956 4.55458
0.21474 0.97667 0.21586 4,54826
0.21502 0.97661 0.22017 454196
0.21530 0.97655 0.22047 453568
021559 0.97648 0.22078 452944
0.21587 0.97642 0.22108 452318
0.21616 0.97636 0.22139 451693
0.21644 0.97630 0.22169 4.51071
0.21672 0.97623 0.22200 450451
0.21701 0.97617 0.22231 449832
0.21729 0.97611 0.22261 449215
0.21758 0.57604 0.22292 4.48600
0.21786 0.97558 0.22322 4.47986
0.21814 0.97592 0.22353 4.47374
0.21843 0.97585 $.22383 4.46764
0.21871 0.97579 0.22414 446155
0.21899 0.97573 0.22444 4.45548
0.21928 0.97566 0.22475 4.44342
0.21956 0.97560 0.22505 4.44338
0.21985 0.97553 0.22536 4.43735
0.22013 0.97547 0.22567 4.43134
0.22041 0.97541 0.22597 4.42534
0.22070 0.97534 0.22628 4.41936
0.22058 0.97528 0.22658 4.41340
0.22126 0.97521 0.22689 4.40745
0.22155 0.97515 0.22719 4.40152
0.22183 0.97508 0.22750 4.39560
0.22212 0.97502 0.22781 4.38969
0.22240 0.97496 0.22811 4.38381
0.22268 0.87489 0.22842 437793
0.22297 0.97483 0.22872 437207
0.22325 0.97476 0.22903 436623
0.22353 0.97470 0.22934 4.36040
0.22382 0.97463 0.22964 4,35459
0.22410 0.97457 0.22935 4.34879
0.22438 0.97450 0.23026 4.34300
0.22467 0.97444 0.23056 4.33723
0.224095 0.97437 0.23087 433148
Cos Sin Cot Tan
77 Degreos
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13 Degree
Minutes Sin Cos Tan_ Cot
] 0.22495 0.97437 0.23087 433148 60
1 0.22523 0.97430 0.23117 4.32573 59
2 0.22552 0.87424 0.23148 4,32001 58
3 0.22580 0.97417 0.23179 4.31430 57
4 0.22608 0.97411 0.23209 4.30860 56
5 0.22637 0.97404 0.23240 4.30291 55
6 0.22665 0.97398 0.23271 4.29724 54
7 0.22693 0.97391 0.23301 4.29159 53
8 0.22722 0.97384 0.23332 428595 52
9 0.22750 0.97378 0.23383 4.28032 51
10 0.22778 0.97371 0.23393 4.27471 50
11 0.22807 0.97365 0.23424 4.26911 49
12 0.22835 0.97358 0.23455 4.26352 48
13 0.22863 0.9735¢ 0.23485 4.25795 47
14 0.22892 0.97345 0.23516 4,25239 46
15 0.22920 0.97338 0.23547 4.24685 45
16 0.22948 0.97331 0.23578 4.24132 44
17 0.22977 0.97325 0.23608 4.23580 43
18 0.23005 0.97318 0.23638 4.23030 42
19 0.23033 0.97311 0.23670 4.22481 41
20 0.23062 0.97304 0.23700 4.21933 40
21 0.23090 0.97208 0.23731 421387 a9
22 0.23118 0.97291 0.23762 4.20842 38
23 0.23146 0.97284 0.23793 4.20298 37
24 0.23175 0.97278 0.23823 4.19756 36
25 0.23203 0.97271 0.23854 419215 35
26 0.23231 0.97264 0.23885 4,18675 34
27 0.23260 0.97257 0.23916 4,18137 33
28 0.23288 0.97251 0.23946 4.17600 k 74
29 0.23316 0.97244 0.23977 4.17064 31
30 0.23345 0.97237 0.24008 4.16530 30
3 0.23373 0.97230 0.24039 4.15997 29
32 0.23401 0.97223 0.24069 4.15465 28
33 0.23429 0.97217 0.24100 4.14934 7
34 0.23458 0.97210 0.24131 4.14405 26
35 0.23486 0.97203 0.24162 413877 25
k3 0.23514 0.97196 0.24193 4.13350 24
37 0.23542 0.97188 0.24223 412825 23
38 0.23571 0.97182 0.24254 4.12301 22
39 0.23559 0.97176 0.24285 4.11778 21
40 0.23627 0.97169 0.24316 4.11258 20
41 0.23656 0.97162 0.24347 4,10736 19
42 0.23684 0.97155 0.24377 4.10216 18
43 0.23712 0.97148 0.24408 4.09699 17
44 0.23740 0.97141 0.24438 4.09182 16
45 0.23769 0.97134 0.24470 408666 15
46 0.23797 0.97127 0.24501 4.08152 14
47 0.23825 0.97120 0.24532 407639 13
48 0.23853 0.97113 0.24562 4.07127 12
49 0.23882 0.97106 0.24593 4.06616 11
50 0.23910 0.97100 0.24624 4.06107 10
51 0.23938 0.97083 0.24655 4,05599 9
52 0.23966 0.97085 0.24688 4.05092 B
53 0.23995 0.97079 0.24717 4.04586 7
54 0.24023 0.97072 0.24747 4.04081 6
55 0.24051 0.97065 0.24778 403578 5
56 0.24079 0.97058 0.24809 4,03076 4
57 0.24108 0.97051 0.24840 4.02574 3
58 0.24136 0.97044 0.24871 4,02074 2
59 0.24164 0.97037 0.24502 401578 1
60 0.24192 0.97030 0.24933 4.01078 0
Cos Sin Cot Tan Minutes
76 Degrees
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14 Degres

Sin Cos Tan Cot
0.24192 0.97030 0.24933 401078
0.24220 0.97023 0.24964 4,00582
0.24249 0.97015 0.24995 4.00086
0.24277 0.97008 0.25026 3.95592
0.24305 0.97001 0.25056 3.99099
0.24333 0.96994 0.25087 3.98607
0.24362 0.96987 0.25118 3.98117
0.24390 0.96980 0.25149 3.97627
0.24418 0.96973 0.25180 397139
0.24446 0.56966 0.25211 3.96651
0.24474 0.96959 0.25242 3.96165
0.24503 0.96952 0.25273 3.95680
0.24531 0.96545 0.25304 3.95196
0.24559 0.96937 0.25335 3.94713
0.24587 0.96930 0.25366 3.94232
0.24515 0.96923 0.25397 3.93751
0.24644 0.96916 0.25428 39321
0.24672 0.96309 0.25459 392793
0.24700 0.96902 0.25490 3.92316
0.24728 0.9689%4 0.25521 3.81839
0.24756 0.96887 0.25552 391364
0.24784 0.96880 0.25583 3.90890
0.24813 0.96873 0.25614 3.90417
0.24841% 0.96866 0.25645 3.89945
0.24869 {0.96858 0.25676 389474
0.24897 0.96851 0.25707 3.89004
0.24925 0.96844 0.25738 3.88536
0.24954 0.96837 0.25769 3.88068
0.24982 0.96829 0.25800 3.87601
0.25010 0.96822 0.25831 3.87136
0.25038 0.96815 0.25862 3.86671
0.25066 0.96807 0.25893 3.86208
0.25094 0.56800 0.25924 3.85745
0.25122 0.96793 0.25955 3.85284
0.25151 0.96786 0.259886 3.84824
0.25179 0.96778 0.26017 3.84364
0.25207 0.96771 0.26048 3.83906
0.25235 0.96764 0.26079 3.83449
0.25263 0.96756 0.26110 3.82992
0.25291 0.96749 0.26141 3.82537
0.25320 0.96742 0.26172 3.82083
0.25348 D.96734 0.26203 3.81830
0.25376 0.96727 0.26235 3.81177
0.25404 0.96718 0.26266 3.80726
0.25432 0.96712 0.26297 3.80276
0.25460 0.96705 0.28328 3.79827
0.25488 0.96697 0.26359 3.79378
0.25516 0.96690 0.263%0 3.78331
0.25545 0.56682 0.26421 3.78485
0.25573 0.98675 0.26452 3.78040
0.25601 0.96667 0.26483 3.77595
0.25629 0.96660 0.26515 3.77152
0.25657 0.96653 0.26548 3.76709
0.25685 0.96645 0.26577 3.76268
0.25713 0.96638 0.26608 3.75828
0.25741 0.96630 0.26639 3.75388
0.25769 0.96623 0.26670 3.74950
0.25798 0.96615 0.26701 3.74512
0.25826 0.96608 0.26733 3.74075
0.25854 0.96600 0.26764 3.73640
0.25882 0.96593 0.26795 3.73205

Cos Sin Cot Tan

75 Degrees
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15 Degroe
Minutes Sin Cos Jan Cot
0 0.25882 0.96593 0.26795 3.73205 60
1 0.25910 0.96585 0.26826 3.7211N 59
2 0.25938 0.96578 0.26857 3.72338 58
3 0.25966 0.96570 0.26888 3.71807 57
4 0.25994 0.96562 0.26920 3.71476 56
5 0.26022 0.96555 0.26951 3.71046 55
6 0.26050 0.96547 0.26982 3.70616 54
7 0.26079 0.96540 0.2713 3.70188 53
8 0.26107 0.96532 0.27044 3.69761 §2
9 0.26135 0.96524 0.27076 3.69335 51
10 0.26163 0.86517 0.27107 3.68909 50
11 0.26191 0.96509 0.27138 3.68485 438
12 0.26219 0.96502 0.27169 3.68061 48
13 0.26247 0.96494 0.27201 3.67638 47
14 0.26275 0.96486 0.27232 367217 45
15 0.26303 0.96479 0.27283 3.66795 45
16 0.26331 0.96471 0.27294 3.66376 44
17 0.26359 0.96463 0.27326 3.65957 43
18 0.26387 0.96456 0.27357 3.65538 42
19 0.26415 0.96448 0.27388 3.65121 41
20 0.26443 0.96440 0.27419 3.64705 40
21 0.26471 0.96433 0.27451 3.64289 39
22 0.26500 0.96425 0.27482 3.63874 38
23 0.26528 0.56417 0.27513 3.63461 37
24 0.26556 0.96410 0.27545 3.63048 36
25 0.26584 0.96402 0.27576 3.62636 35
26 0.26612 0.96394 0.27607 3.62224 34
27 0.26640 0.96386 0.27638 3.61814 a3
28 0.26668 0.96379 0.27670 3.61405 32
29 0.26696 0.96371 0.27701 3.60986 31
30 0.26724 0.96363 0.27732 3.60588 30 -
31 0.26752 0.96355 0.27764 3.60181 29
32 0.26780 0.98347 0.27795 3.59775 28
a3 0.26808 0.96340 0.27826 3.58370 27
34 0.26836 0.96332 0.27858 3.58966 26
35 0.26864 0.96324 0.27889 3.58562 25
36 0.26892 0.86316 0.27921 3.58160 24
37 0.26920 0.96308 0.27952 3.57758 23
38 0.26948 0.86301 0.27583 3.57357 22
39 0.26976 0.96293 0.28015 3.56957 21
40 0.27004 0.96285 0.28046 3.56557 20
41 0.27032 0.96277 0.28077 3.56159 19
42 0.27060 0.96269 0.28109 3.55761 18
43 0.27088 0.96261 0.28140 3.55364 17
44 0.27116 0.96253 0.28172 3.54968 16
45 0.27144 0.96246 0.28203 3.54573 15
46 0.27172 0.96238 0.28234 3.54179 14
47 0.27200 0.96230 0.28266 3.53785 13
48 0.27228 0.96222 0.28297 3.53393 12
49 0.27256 0.96214 0.28329 3.53001 1"
50 0.27284 0.86206 0.28360 3.52609 10
51 0.27312 0.56198 0.28381 3.52219 9
52 0.27340 0.96190 0.28423 3.51828 8
53 0.27368 0.96182 0.28454 3.51441 7
54 0.27396 0.96174 0.28486 3.51053 6
55 0.27424 0.96166 0.28517 3.50666 5
56 0.27452 0.96158 0.28549 3.50279 4
57 0.27480 0.96150 0.28580 3.49804 3
58 0.27508 0.96142 0.28612 3.49509 2
59 0.27536 0.96134 0.28643 3.49125 1
60 0.27564 0.961286 0.28675 3.48741 0
Cos Sin Cot Tan Minutes
74 Degrees
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16 Degree
Sin Cos Tan Cot
0.27564 0.96126 0.28675 3.48741
0.27592 0.96118 0.28706 3.48359
0.27620 0.98110 0.28738 347977
0.27648 0.96102 0.28769 3.47596
0.27676 0.96094 0.28801 347216
0.27704 0.96086 0.28832 3.46837
0.27731 0.96078 0.23864 3.46458
0.27758 0.96070 0.28895 3.46080
0.27787 0.96062 0.28927 3.45703
0.27815 0.96054 0.28958 3.45327
0.27843 0.96046 0.28990 3.44951
0.27871 0.96037 0.29021 3.44576
0.27899 0.96029 0.29053 3.44202
0.27927 0.96021 0.29084 3.43829
0.27955 0.96013 0.29116 3.43458
0.27983 0.96005 0.29147 3.43084
0.28011 0.95997 0.29179 342713
0.28039 0.95989 0.29210 3.42343
0.28067 0.95581 0.29242 3.41973
0.28095 D.95572 0.29274 3.41604
0.28123 0.95564 0.29305 3.41236
0.28150 0.95956 0.29337 3.40869
0.28178 0.95948 0.29368 3.40502
0.28206 0.95840 0.28400 3.40136
0.28234 0.95931 0.25432 3.39771
0.28262 0.95923 0.29463 3.39406
0.28290 0.95915 0.25495 3.39042
0.28318 0.95%07 0.29526 3.38679
0.28346 0.95898 0.29558 3.38317
0.28374 0.958%0 0.29590 3.37955
0.28402 0.95882 0.29621 3.37594
0.28429 0.95874 0.29653 3.37234
0.28457 0.95865 0.29685 3.36875
0.28485 0.95857 0.29716 3.35516
0.28513 0.95849 0.29748 3.36158
0.28541 0.95841 0.29780 3.35800
0.2B568 0.95832 0.29811 3.35443
0.28597 0.95824 0.29843 3.35087
0.28625 0.95816 0.29875 334732
0.28652 0.95807 0.29906 3.34377
0.28680 0.95799 0.29938 3.34023
0.28708 0.95791 0.29970 3.33670
0.28736 0.95782 0.30001 3.33317
0.28764 0.95774 0.30033 3.32965
0.28792 0.95766 0.30065 3.32614
0.28820 0.95757 0.30097 3.32264
0.28847 0.9574% 0.30128 3.31914
D.28875 0.95740 0.30160 3.31565
0.28903 0,95732 0.30192 3.31218
0.28931 0.95724 0.30224 3.30868
0.28959 0.95715 0.30255 3.30521
0.28587 0.95707 0.30287 330174
0.29015 0.95698 0.30319 3.29823
0.29042 0.95690 0.30351 3.29483
0.29070 0.95681 0.30382 3.29138
0.20038 0.95673 0.30414 3.28735
0.29126 0.95664 0.30446 3.28452
0.29154 0.95656 0.30478 3.28109
0.29182 0.95647 0.30509 2.27767
0.29209 0.95639 0.30541 3.27426
0.29237 0.95630 0.30573 3.27085
Cos Sin Cot Tan
73 Degrees
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17 Degree
Minutes Sin Cos Tan Cot
0 0.29237 0.95630 0.30573 3.27085 60
1 0.29265 0.95622 0.30605 3.26745 59
2 0.29293 0.95613 0.30637 3.26408 58
3 0.29321 0.95605 0.30669 3.26067 57
4 0.29348 0.95596 0.30700 3.25729 56
5 0.29376 0.95588 0.30732 3.25392 55
6 0.29404 0.95579 0.30764 3.25055 54
7 0.29432 D.95571 0.30796 3.24719 53
8 0.29460 0.95562 0.30328 3.24383 52
9 0.29487 0.95554 0.30860 3.24049 51
10 0.29515 0.95545 0.30891 3.23714 50
1 0.29543 0.95536 0.30923 3.23381 49
12 0.29571 0.85528 0.30955 3.23048 48
13 0.29595 0.95513 0.30987 3.22715 47
14 0.29626 0.95511 0.31019 3.22384 46
15 0.25654 0.95502 0.31051 3.22053 45
16 0.29682 0.95493 0.31083 3.21722 44
17 0.28710 0.95485 0.31115 3.21392 43
18 0.29737 0.95476 0.31147 3.21063 42
19 0.29765 0.95457 0.31178 3.20734 41
20 0.29793 0.95459 0.31210 3.20408 40
21 0.29821 0.95450 0.31242 3.20079 39
22 0.29849 0.95441 0.31274 3.19752 38
23 0.29876 0.95433 0.31306 3.19426 37
24 0.29904 095424 0.31338 3.19100 36
25 0.29932 0.95415 0.31370 3.18775 35
26 0.29960 0.95407 0.31402 3.18451 34
27 0.29987 0.95398 0.31434 3.18127 33
28 0.30015 0.95389 0.31466 3.17804 32
29 0.20043 0.95380 0.31498 3.17481 3%
30 0.30071 0.95372 0.31530 3.17159 30
31 0.30098 0.95363 0.31562 3.16838 29
32 0.30126 0.95354 0.31594 3.16517 28
33 0.30154 0.95345 0.31626 3.16197 27
34 0.30182 0.95337 0.31658 3.15877 26
35 0.30209 0.95328 0.31690 3.15558 25
36 0.30237 0.95319 0.31722 3.15240 24
37 0.30265 0.95310 0.31754 3.14922 23
38 0.30292 0.95301 0.31786 3.148605 22
39 0.30320 0.95233 0.31818 3.14288 21
40 0.30348 0.952384 0.31850 3.13972 20
41 0.30376 0.95275 0.31882 3.13656 19
42 0.30403 0.95266 0.31914 3.13341 18
43 0.30431 0.95257 0.31946 3.13027 17
44 0.30459 0.95248 0.31978 3.12713 16
45 0.30486 0.95240 0.32010 3.12400 15
46 0.30514 0.95231 0.32042 3.12087 14
47 0.30542 0.95222 0.32074 311775 13
48 0.30570 0.95213 0.32106 3.11464 12
49 0.30597 0.95204 0.32139 3.11153 11
50 0.30625 0.95195 0.32171 3.10842 10
51 0.30653 0.95186 0.32203 3.10532 9
52 0.30680 0.95177 0.32235 3.10223 8
53 0.30708 0.95168 0.32267 3.09914 7
54 0.30736 0.95159 0.32299 3.09606 ;]
55 0.30763 0.95150 0.32331 3.09298 5
56 0.30791 0.95142 0.32363 3.08951 4
57 0.30819 0.95133 0.32396 3.08685 3
58 0.30848 0.95124 0.32428 3.08379 2
53 0.30874 0.95115 0.32460 3.08073 1
60 0.30902 0.95106 0.32492 3.07768 0
Cos Sin Cot Tan Minutes
T2 Dagrees
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18 Degree
Sin —s0s Tan Cot
0.30902 0.95108 0.32492 3.07768
0.30529 0.95097 0.32524 3.07464
0.30857 0.95088 0.32556 3.07160
0.30885 0.95073 0.32588 3.06857
0.31012 0.85070 0.32621 3.06554
0.31040 0.85061 0.32653 3.06252
0.31068 0.85052 0.32685 3.05950
0.31095 0.95043 0.32717 3.05649
0.31123 0.85033 0.32749 3.05349
0.31151 0.85024 0.32782 3.05049
0.31178 0.85015 0.32814 3.04749
0.31206 0.550086 0.32846 3.04450
0.31233 0.94997 0.32878 3.04152
0.31261 0.94988 0.32911 3.03854
0.31289 0.94979 0.32943 3.03556
0.31316 0.94970 0.32975 3.03260
0.31344 0.94561 0.33007 3.02963
0.31372 0.94952 0.33040 3.02667
0.31399 0.94943 0.33072 3.02372
0.31427 0.94933 0.33104 3.02077
0.31454 0.94524 0.33136 3.01783
0.31482 0.94915 0.33169 3.01489
0.31510 0.94506 0.33201 3.01196
0.31537 0.94897 0.33233 3.00903
0.31565 0.94888 0.33266 3.00611
0.31583 0.94878 0.33298 3.00318
0.31620 0.94869 0.33330 3.00028
0.31648 0.94860 0.33363 2.99738
0.31675 0.94851 0.33395 2.89447
0.31703 0.94842 033427 209158
0.31730 0.94832 0.33460 2.98868
0.31758 0.94823 0.33492 2.98580
0.31786 0.94814 0.33524 2.98292
0.31813 0.94805 0.33557 2.98004
0.31841 0.94795 0.33589 297717
0.31868 0.94786 0.33621 2.97430
0.31896 0.94777 0.33654 2.97144
0.31923 0.94768 0.33686 2.96858
0.31951 0.94758 0.33718 2.96573
0.31979 0.94749 0.33751 2.96288
0.32006 0.94740 0.33783 2.96004
0.32034 0.94730 0.33816 2.95721
0.32061 0.94721 0.33848 2.95437
0.32089 0.94712 0.33881 2.95155
0.32118 0.94702 0.33913 2.94872
0.32144 0.94693 0.33945 2.94501
0.32171 0.54684 0.33978 2.94309
0.32199 0.94674 0.34010 2.94028
0.32227 0.94665 0.34043 2.93748
0.32254 0.94856 0.34075 293468
0.32282 0.94646 0.34108 293189
0.32309 0.948537 0.34140 2.92910
0.32337 0.94527 0.34173 2.92632
0.32354 0.94518 0.34205 2.92354
0.32392 0.94609 0.34238 2.92076
0.32419 £.94599 0.34270 2917399
0.32447 0.94590 0.34303 2.91523
0.32474 0.94580 0.34335 291246
0.32502 0.94571 0.34368 2.00971
0.32529 0.94561 0.34400 2.90696
0.32557 0.84552 0.34433 2.90421
Cos Sin Cot Tan
4l Degroes
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19 Degree
Minutes Sin Cos Tan Cot
0 0.32557 0.94552 0.34423 2.90421 60
1 0.32584 0.94542 0.34465 2.90147 59
2 0.32612 0.94533 0.34498 2.89873 58
3 0.3263%8 0.94523 0.34530 2.89600 57
4 0.32667 0.94514 0.34563 2.89327 56
5 0.326%94 0.94504 0.34596 2.89055 55
6 0.32722 0.94495 0.34628 2.88783 54
7 0.32748 0.54485 0.34661 2.88511 53
B 0,32777 0.94476 £.34693 2.88240 52
9 0.32804 0.894466 0.34726 2.87970 51
10 0.32832 0.94457 0.34758 2.87700 50
1 0.3285% 0.94447 0.34791 2.87430 49
12 0.32887 0.94438 0.34824 2.87161 48
13 0.32914 0.94428 0.34856 2.86892 47
14 0.32042 0.94418 0.34889 2.86624 48
15 0.32869 0.94409 0.34922 2.86356 45
16 0.32937 0.94399 0.34954 2.86089 44
17 0.33024 0.594390 0.34987 2.85822 43
18 0.33051 0.94380 0.35020 2.85558 42
19 0.33079 0.94370 0.35052 2.85289 41
20 0.33106 0.94361 0.35085 2.85023 40
21 0.33134 0.94351 0.35118 2.84758 39
2 0.33161 0.94342 0.35150 2.84494 38
23 0.33189 0.94332 0.35183 2.84229 37
24 0.33216 0.94322 0.35216 2.83965 35
25 0.33244 0.94313 0.35248 2.83702 a5
26 0.33271 0.94303 0.35281 2.83439 34
27 0.33288 0.94233 0.35314 283176 3
28 0.33326 0.94284 0.35346 2.82914 32
28 0.33353 0.94274 0.35379 2.B2653 31
30 0.33381 0.94284 0.35412 2.82391 30
31 0.33408 0.94254 0.35445 2.82130 28
2 0.33436 0.94245 0.35477 2.81870 28
33 0.33463 0.94235 0.35510 2.81610 27
34 0.33490 0.94225 0.35543 2.81350 26
a5 0.33518 0.94215 0.35576 2.81091 25
35 0.33545 0.54206 0.35608 2.80833 24
37 0.33573 0.94196 0.35641 2.80574 2
38 0.33600 0.94186 0.35674 2.80316 22
39 0.33627 0.94176 0.35707 2.80059 21
40 0.33655 0.94167 0.35740 2.79802 20
41 0.33682 0.84157 0.35772 2.79545 19
42 0.33710 0.94147 0.35805 2.79289 18
43 0.33737 0.94137 0.35838 2.79033 17
44 0.33764 0.94127 0.35871 278778 18
45 0.33792 0.84118 0.35904 2.78523 15
46 0.33819 0.94108 0.35937 2.78269 14
47 0.33846 0.94098 0.35969 2.78014 13
418 0.33874 0.54088 0.36002 2.77761 12
49 0.33901 0.84078 0.36035 2.77507 11
50 0.33929 0.94068 0.36068 277254 10
51 0.33956 0.94058 0.36101 2.77002 9
52 0.33983 0.94049 0.36134 2.76750 B
53 0.34011 0.94039 0.36167 2.76498 7
54 0.34038 0.94029 0.36199 2.76247 [
55 0.34065 0.94019 0.36232 2.75998 5
56 0.34093 0.84005 0.36265 2.75746 4
57 0.34120 0.93999 0.36298 2.754386 3
58 0.34147 0.93989 0.36331 2.75246 2
59 0.34175 0.93979 0.36364 2.74937 1
60 £.34202 0.93969 0.36397 2.74748 0
Cos Sin Cot Tan Minutes
70 Degrees
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20 Degree
Sin Cos Tan Cot
0.34202 0.93969 0.36397 2.74748
0.34229 0.93959 0.36430 274499
0.34257 0.93349 0.364563 2.74251
0.34284 0.93939 0.36496 2.74004
0.34311 0.93929 0.36529 2.73756
0.34339 0.93919 0.36562 2.73509
0.34366 0.93909 0.36595 2.73263
0.34393 0.938599 0.36628 2.73017
0.34421 0.93889 0.36661 2721
0.34448 0.93879 0.36694 2.72526
0.34475 0.93869 0.36727 2.72281
0.34503 0.93859 0.36760 2.72036
0.34530 0.93849 0.36793 2711782
0.34557 0.93839 0.36826 2.71548
0.34584 0.93829 0.36859 2.71305
0.34812 0.93819 0.36892 2.71062
0.34639 0.3380%8 0.36925- 2.70819
0.34668 0.93799 0.36958 2.70577
0.34694 0.93789 0.36991 2.70335
0.34721 0.93779 0.37024 2.70094
0.34748 0.93769 0.37057 2.69853
0.34775 0.93759 0.37090 2.69612
0.34803 0.93748 0.37123 2.69371
0.34830 0.93738 0.37157 2.69131
0.34857 0.93728 0.37190 2.68892
0.34884 0.93718 0.37223 2.68653
0.34912 0.93708 0.37256 2.68414
0.34939 0.93698 0.37289 2.68175
0.34966 0.93688 0.37322 2.67937
0.34993 0.63677 0.37355 2.67700
0.35021 0.93667 0.37388 2.67462
0.35048 0.93657 0.37422 2.67225
0.35075 0.93647 0.37455 2.66989
0.35102 0.93637 0.37488 266752
0.35130 0.93626 0.37521 266516
0.35157 0.93616 0.37554 2.66281
0.35184 0.93606 0.37588 2.66046
0.35211 0.93596 0.37621 2.65811
0.35239 0.93585 0.37654 2.65576
0.35266 0.93575 0.37687 2.65342
0.35283 0.93565 0.37720 2.65109
0.35320 0.93555 0.37754 2.64875
0.35347 0.93544 0.37787 2.64542
0.35375 0.93534 0.37820 2.64410
0.35402 0.93524 0.37853 2.64177
0.35429 0.53514 0.37887 2.63945
0.35456 0.93503 0.37920 2.63714
0.35484 0.83493 0.37953 2.63483
0.38511 0.93483 0.37986 263252
0.35528 0.93472 0.38020 2.63021
0.35565 0.93462 0.38053 2.62791
0.35592 0.93452 0.38086 2.62561
0.35619 0.93441 0.38120 2.62332
0.35647 0.93431 0.38153 262103
0.35674 0.93420 0.38186 2.61874
0.35701 0.93410 0.38220 2.61646
0.35728 0.93400 0.38253 2.61418
0.35755 0.93389 0.38286 2.61190
0.35782 0.93379 0.38320 2.60963
0.35810 0.93368 0.38353 2.60736
0.35837 0.93358 0.38386 2.60509
Cos Sin Cot Tan
69 Degrees
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ERROR synt axerror
OFFENDI NG COVMAND: - -nostri ngval - -

STACK:



