I have the 12th edition of Elementary Surveying by Wolf & Ghilani and have made these notes about things that might be improved. Of course, some may have been fixed in later editions.

Sec 2.2 Units of Measure

The vara may be from 32.91 inches to 34.1 inches.   In Texas it is defined as 33 1/3 inches.

Sec 4.4 Curvature and Refraction

This could benefit from an example of doing the correction.

Sec 4.14 Level Rods

Lenker rods are notorious for having slop between the scale and end of the rod, such that some contracts prohibit their use for work of greater accuracy than topo.

Sec 4.5.4 Trigonometric Leveling

If refraction is significant to the accuracy of the measurement, averaging of reciprocal measurements is advisable, with the measurements in each direction done as nearly at the same time as practical.

Sec 5.4 Differential leveling

Figure 5.4 shows the rod resting on the shank of the nail.  Don’t most people use the high point of an elevation mark (here the head of the nail) ?

Near end of section, using lake or pond:  Lakes have seiche, which are waves that have very long periods in larger bodies of water, and this may invalidate a measurement.  Also, if there is any wave motion, a stilling bucket should be used.

Sec 5.12.2 Natural Errors

The statement “0.8 ft/mile or 8 cm/km” tends to imply linearity, which of course is not the case.  It would clarify to restate as 0.8 ft at 1 mile, or 8 cm at 1 km.

Sec 6.24.2 Instrumental Errors

Various glasses have a range of refractive index of perhaps 1.50 to 1.59 in older prisms, with some high index materials now available in excess of 1.7. 

If the prism is not pointed at the EDM, a distance error may be introduced, which depends on the distance between the apparent center and the mounting point and the angle.

Sec 8.5 Handling and Setting Up a Total Station

It could be emphasized that the initial procedure is opposite what inexperienced intuition would suggest, such that leveling with the screws and positioning with the leg length will diverge.

Sec 8.14 Sights and Marks

The half-width of the pole is a possible error when lighted from one side.  If uniformly lighted, most observers can come within perhaps 0.1 width.

Sec 8.18 Total Station for Determining Elevation Differences

Near end of section, discussion of figure says “nearest decimeter” but distances are given to cm or mm.

Sec 9.7 Angle Misclosure

It should be emphasized that FGCS standards have requirements for equipment and procedures as well as closures.

Sec 10.6 Traverse Linear Misclosure and Relative Precision

Emphasize that closure should be calculated before angle adjustment of previous chapter.

Emphasize that poor closure is evidence of inaccuracy or blunder, but good closure is absence of evidence, not evidence of absence of errors.  Statistically, you may occasionally have good closure with poor accuracy on the intermediate points.

Sec 10.7.2 Least-Squares Method

Another advantage is the ability to use any sufficient or redundant combination of measurements, including cross-ties across part of a traverse.

Sec 11.9 Inaccessible Point Problem

The elevation should be computed from each set of data and compared for errors before averaging.

Angles in the general range of 45°, as used here, are best.

Sec 12.5 Area by Coordinates

Penultimate paragraph: moving decimal does NOT help in floating point computation.  Temporarily subtracting large constants such as million and hundred-thousand digits from the coordinates does help.

Sec 13.2 Overview of GPS

“Master station uses this data to make precise near-future predictions”  The term “precise” here is confusing, since this is usually termed the “Broadcast” orbits and “Precise” orbits are only available after the fact.

In the footnote, crystal clocks are about an order of magnitude poorer than stated, about a second in 3 years or 1e-8 would be considered good without a temperature oven.

Last paragraph: intended to provide near-real-time accuracies … as averaging can always do better.

Sec 13.3 The GPS Signal

Gold codes were named for Robert Gold, not an acronym so should not be all-caps.

Table 13.1 Frequencies Transmitted by GPS

While frequencies are of interest, the table should also give wavelengths, to help surveyors think about reflections, ambiguities, etc.

 Sec 13.4.3 The Geodetic Coordinate System

(near end of section)

“latitude and longitude as arguments for determining”  Replace “determining” with “looking up”

GEOID model:  A succession of improved hybrid geoid models has been released, ending with GEOID18.  Hybrid means that the NAVD88 elevations of bench marks were held and the geoid at those locations computed from GPS measurements, while the geoid model at other points was a best estimate fitted to those points and other data.  

Much improved gravity data is now available, and with the continuing disappearance of many bench marks it is desirable to base elevations on GPS.  GEOID2022 is expected to be released by 2025, whereupon NAVD88 elevations on bench marks will be obsolescent, and elevations determined by GPS as corrected by the geoid model.

Footnote: Reference to a disk should be replaced with a link to NGS toolkit.

After Example 13.3, “geoid undulation changes gradually” needs to specify “versus location”, not time that some might assume.

Sec 14.1 GPS Introduction

(c) eliminate certain errors  should read “greatly reduce”

“number of channels. This controls the number of satellites”  should read “This is the number of satellites.”

Figure 14.1 GPS receiver being used …

If this is a construction site, where is the OSHA required personal protection equipment?

Isn’t it unusual to see a total station sighting at a GPS receiver?

Sec 14.2.2 Rapid Static Relative Positioning

Also Table 14.1

3 to 5 mm, 1 ppm   Is that vertical, or more likely horizontal?  Standard error or 95% ? How long on the  point?

Sec 14.2.4 Kinematic Surveys

Same questions.

Sec 14.3.2 Selecting the Appropriate Survey Method

OPUS does NOT do kinematic.  It can give a position after-the-fact for a fixed base that is used with kinematic rover.  OPUS returns a solution in minutes IF enough time has elapsed for the CORS data to be collected at NGS, typically the next day after the observations.

OPUS-RS is now available.

Sec 14.3.3 Field Reconnaissance

Footnote:  metal caps are often bronze or aluminum, never brass.

Sec 14.8 Future Outlook for GPS

(This has probably been updated in later editions, but certainly needs to talk about other GNSS constellations.)

Sec 16.3 Least-Squares Adjustment by the Observation Equation Method

Example 16.3 “Let the unknown distances AB and BC be measured as …” These are not the perfect values.

Sec 16.4 Matrix Methods in Least-Squares Adjustment

The W matrix is diagonal if and only if the measurements are known or assumed to be uncorrelated, as the footnote says, but the flow of the discussion should state that assumption.

Sec 16.5 Matrix Equations for Precisions of Adjusted Quantities

Note that the sigma-x,y associated with each measurement depends of the goodness of fit ONLY through sigma-zero.  V does not determine which sigma-x,y are large.  The standard errors supplied are all scaled by the same factor.

“Sec 16.6 Least-Squares Adjustment of Leveling Circuits

 redundancy to increase the precision …” and also to detect blunders or detect which benchmark might have been disturbed.

Sec 16.9.2 Distance Observation Equation

If the current estimates of two points are near each other, the denominator can be very small and cause numerical problems approaching 0/0.  A formulation finding the angle and then using sin and cos may avoid some of the problem.

Sec 16.9.3 The Azimuth Observation Equation

It would be clearer to use minus signs rather than reversing the subscripts.

Sec 16.9.4 The Angle Observation Equations

The last formula 16.28 before the example should have rho on every term.

Sec 16.9.5 A Traverse Example Using Wolfpack

Using a very small standard deviation to approximate a fixed value may cause numerical instability, especially in larger problems.

Sec 16.10 Error Ellipses

Note the angle here is the mathematical angle, not the azimuth.

It should be explained that the philosophy used her is that the standard errors provided are not absolute, but only in proportion to each other.  The scaling is estimated based only on the goodness of fit of only this set of data, using the F-distribution.  

Some other sources, including the commercial program Star*Net, assume the standard errors provided are known for the measurement process and are not re-estimated for this set of data unless the fit fails the chi-squared test upper limit.  This method uses the Raleigh distribution.

The matrix illustrated has the (1,1) value shifted by an order of magnitude.  This affects the following results so they do not match the WOLFPACK printout.

Sec 16.12 Other Measures of Precision

These are NOT sigma values, so the notation is misleading.

The equation for CEP is wrong; it should have square root sum of squares.

Sec 19.5 Geoid Undulation and Deflection of the Vertical

“Phi can be either the astronomic or geodetic latitude.”  Give the theoretical one and then say that the other is close enough.

The last equation is good only for horizontal or near north.  More general equation is in a later section 19.14.3 Reduction of Directions and Angles.

Sec 19.7 Accuracy Standards and Specifications for Control Surveys

Emphasize that FGCS specifies equipment and methods as well as limits.

Table 19.5 Vertical Control Standards, is that sigma or 95%?  After adjustment, or raw?

Sec 19.14.3 Reduction of Directions and Angles

Figure 19.21 the distances are irrelevant for this topic, but are shown on wrong lines.  A north arrow would be helpful. The text also refers to “short distances” but the distance is not in the calculation.

An example where the correction is larger would be better.

Sec 19.14.4 Leveling and Orthometric Heights

“gravitational force  … directed radially towards the mass center of the earth”  is not strictly true.  It is “almost radially” but may differ due to unsymmetrical mass distributions that cause deflection of the vertical.

“From physics the potential can be defined as”   This is not a definition that is useful for geodesy.  It assumes that the acceleration does not change with height over the range of interest in r, which is good enough only for elementary physics class.

At the first equation with an integral sign, it should be pointed out that g is a variable, g(lat, lon, height).

“Because it is impractical to observe g at every benchmark …”   Dynamic heights do not avoid the need for gravity measurements; the gravitational potential must be used to get the dynamic height.

The formula for Hc(A) is a linearized approximation that assumes a typical rock density.  A smaller constant replaces 0.0424 if the path is extended above the earth’s surface.

See NGS program LVL_DH, which uses the same equations.

Sec 20.5 State Plane Coordinates in NAD27 and NAD83

California reduced from 7 zones to 6.

Sec 20.6.1 Zone Constants

The single-parallel Lambert needs to be addressed, especially since the 2022 zones will use it.  Every two-parallel zone has a single-parallel equivalent, but it won’t use round numbers.

The equation for single-parallel uses n=sin(Phi-standard).

Sec 20.6.2 The Direct Problem

The notation has inexplicably changed.  Gamma should be theta, and Nh should be No.

Exercise step 3: E should be Ep and N be Np.

Sec 20.8.1 Grid Reduction of Distances

In Table 20.5 Reduced Grid Distances for Figure 20.9

It would clarify to label “Distance” as “Ground Distance” and “k” as “Scale Factor k”.

Sec 21.6 Property Description by Coordinates

When using coordinates, it is essential to specify US Survey feet versus International Feet.  This becomes more important with the SPC 2022 definitions eliminating the use of sFt and people forgetting the history.

Sec 22.6 Standard Parallels

It should be mentioned that some instructions called for an excess distance per section to be given on correction lines as a compensation for the convergence of the meridians that would occur to their north, thus keeping the average section closer to a square mile.

Sec 22.11 Subdivision of a township into sections

It should be emphasized that the detailed instructions for closing on a township line varied over the years so various states are done differently.

Sec 24.2 Degree of Circular Curve

For the table, a much clearer example would hold the radius of the curve, which is fundamental property, and show the different “Degree of curve” that results from each definition.

Note that the chord definition results in a slightly different curve if the PC station offset is different, while the arc definition is not sensitive to PC station.

Sec C.2 Overview of Usual Procedures for Astronomical Azimuth Determination

Change order of operations – record time before angles.

Sec C.3 Ephemerides

Both Jerry Wahl’s cadastral.com ephemeris and the Sokkia/Elgin ephemeris are discontinued.  The MICA program from The US Naval Observatory can be used.

Sec F.2 & F.3 Defining Parameters for SPC

It should be made explicit these are NAD83 definitions, as new definitions will appear for the 2022 zones.

