
Learning objectives

Homework Assignment

Do the following problems from the textbook

2.4 (10 points)
2.5 (10 points)
2.7 (10 points)
2.8 (10 points)
2.9 (10 points)
2.11 (10 points)
2.14 (10 points)
2.15 (10 points)
2.16 (10 points)
2.16 (again) Convert the angles to decimal degrees (10 points)
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Types of Observations

(1) horizontal angles, (2) horizontal distances, (3) vertical (or zenith) angles, (4) 
vertical distances, and (5) slope distances.

By using combinations of these basic observations, it is possible to compute relative 
positions between any points. Equipment and procedures for making each of these 
basic kinds of observations are described in later chapters of this book.

Question:  Using the figure above, give an example of each type of observation.

Units, Significant Figures and Field Notes
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Magnitudes of measurements (or of values derived from observations) must be 
given in terms of specific units. In surveying, the most commonly employed units are 
for length, area, volume, and angle. Two different systems are in use for speci- fying 
units of observed quantities, the English and metric systems. Because of its 
widespread adoption, the metric system is called the International System of Units, 
abbreviated SI.

Units of Measurement and Conversions
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The unit of angle used in surveying is the degree, defined as 1/360 of a circle. One 
degree (1°) equals 60 min, and 1 min equals 60 sec. 

Example

                                                  

Conversion to decimal degrees

                                            

Conversion to radians

                   
                                              

59.592*0.017453292=1.040076577 radians
or
                                                        

Other less used methods

Other methods are also used to subdivide a circle, for example, 400 grad (with 100 
centesimal min/grad and 100 centesimal sec/min. 

Another term, gons, is now used interchangeably with grads.

The military services use mils to subdivide a circle into 6400 units.

Angle Measurements
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In recording observations, an indication of the accuracy attained is the number of 
digits (significant figures) recorded. By definition, the number of significant figures in 
any observed value includes the positive (certain) digits plus one (only one) digit that is 
estimated or rounded off, and therefore questionable. 

For example, a distance measured with a tape whose smallest graduation is 0.01 ft, 
and recorded as 73.52 ft, is said to have four significant figures; in this case the first 
three digits are certain, and the last is rounded off and therefore questionable but still 
significant.

Two significant figures: 24, 2.4, 0.24, 0.0024, 0.020 
Three significant figures: 364, 36.4, 0.000364, 0.0240 
Four significant figures: 7621, 76.21, 0.0007621, 24.00.

What about zeros? Are they significant?

Zeros at the end of an integer value may cause difficulty because they may or may not 
be significant. In a value expressed as 2400, for example, it is not known how many 
figures are significant; there may be two, three, or four, and therefore definite rules 
must be followed to eliminate the ambiguity. The preferred method of eliminating 
this uncertainty is to express the value in terms of powers of 10.

2400

Scientific Notation

Two significant figures
2.4e2

Three significant figures

2.40e2

Four Significant figures

2.400e2

Significant Figures
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In surveying, four specific types of problems relating to significant figures are 
encountered and must be understood.

Field measurements are given to some specific number of significant figures, thus 
dictating the number of significant figures in answers derived when the 
measurements are used in computations. In an intermediate calculation, it is a 
common practice to carry at least one more digit than required, and then round 
off the final answer to the correct number of significant figures.

1.

There may be an implied number of significant figures. For instance, the length of 
a football field might be specified as 100 yd. But in laying out the field, such a 
distance would probably be measured to the nearest hundredth of a foot, not the 
nearest half-yard.

2.

Each factor may not cause an equal variation. For example, if a steel tape 100.00 ft 
long is to be corrected for a change in temperature of 15°F, one of these numbers 
has five significant figures while the other has only two. However, a 15° variation 
in temperature changes the tape length by only 0.01 ft.

3.

Observations are recorded in one system of units but may have to be con verted 
to another. A good rule to follow in making these conversions is to retain in the 
answer a number of significant figures equal to those in the observed value. As an 
example, to convert 178 ft 6-3/8 in. to meters, the number of significant figures in 
the measured value would first be determined by expressing it in its smallest units. 
In this case, 1/8th in. is the smallest unit and there are (178*12*8)+(6*8)+3=7,139 
of these units in the value. Thus, the measurement contains five significant figures, 
and the answer is 17,139 , (8 * 39.37 in./m) = 54.416 m, properly expressed with 
five significant figures. (Note that 39.37 used in the conversion is an exact constant 
and does not limit the number of significant figures.)

4.

Surveying Computations
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Rounding off a number is the process of dropping one or more digits so the answer 
contains only those digits that are significant. In rounding off numbers to any re- quired 
degree of precision in this text, the following procedures will be observed:

1. When the digit to be dropped is lower than 5, the number is written without the 
digit. Thus, 78.374 becomes 78.37. Also 78.3749 rounded to four figures becomes 
78.37.

2. When the digit to be dropped is exactly 5, the nearest even number is used for the 
preceding digit. Thus, 78.375 becomes 78.38 and 78.385 is also rounded to 78.38.

3. When the digit to be dropped is greater than 5, the number is written with the 
preceding digit increased by 1. Thus, 78.386 becomes 78.39

Procedures 1 and 3 are standard practice. However, when rounding the value 78.375 in 
procedure 2, some people always take the next higher hundredth, whereas others 
invariably use the next lower hundredth. However, using the nearest even digit 
establishes a uniform procedure and produces better-balanced results in a series of 
computations. It is an improper procedure to perform two- stage rounding where, for 
example, in rounding 78.3749 to four digits it would be first rounded to five figures, 
yielding 78.375, and then rounded again to 78.38. The correct answer in rounding 
78.3749 to four figures is 78.37. It is important to recognize that rounding should only 
occur with the final answer. Intermediate computations should be done without 
rounding to avoid problems that can be caused by rounding too early. Example (a) of 
Section 2.4 is repeated below to illustrate this point. The sum of 46.7418, 1.03, and 
                        8     h w      h  “       ”   l     If  h      v    l v l        
        p         h               h w      h  “         ”   l   ,  h                l  
of 422.7 is obtained.

Rounding Numbers
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Property surveys - legal document○

Legal record of work done in the field•

Used in the office to perform computations•

Measurements○

Sketches○

Descriptions○

Contain•

Computer files can also become records•
Photographs•
Requirements•

Accuracy. This is the most important quality in all surveying operations. ○

Integrity. A single omitted measurement or detail can nullify use of the 
notes for computing or plotting. If the project was far from the office, it is 
time consuming and expensive to return for a missing measurement. Notes 
should be checked carefully for completeness before leaving the survey site 
      v   “f     ”      p  v   l       

○

Legibility. Notes can be used only if they are legible. A professional-looking 
set of notes is likely to be professional in quality. Arrangement. Note forms 
appropriate to a particular survey contribute to accuracy, integrity, and 
legibility.

○

Clarity. Advance planning and proper field procedures are necessary to 
ensure clarity of sketches and tabulations and to minimize the possibility of 
mistakes and omissions. Avoid crowding notes; paper is relatively cheap. 
Costly mistakes in computing and drafting are the end results of ambiguous 
notes.

○

Field Notes

Field Notes
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http://www.jerrymahun.com/index.php/home/open-access/ii-measurment-
documentation/66-meas-doc-e

Example Field Notes (Traversing)
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Example Field Notes (Topographical Survey)
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Example Field Notes (Leveling)
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Example Field Notes (Horizontal Curve)
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Example Field Notes (Pipeline Stakeout)
Monday, March 2, 2020 9:39 AM

   L2 - Units^J Etc_ Page 18    



10' 2 1/4"

10' 2 3/32 to 10' 2 5/32

32*12=384
3/384=0.0078
384/3=128
128/384=0.333

10+2/12+1/4/12=10.1875

Or 10.188

Example - Conversion
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