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EDITORIAL

Summer seems to be breezing by and before we know it we will be looking for those drab jackets for
warmth.
Please refer to page 31 of this edition where you will see that GeoShack is now a corporate member and we
thank them for their support this year. We also have another sustaining member in Russell Elliott of Elliott
Surveying in Albuquerque.
GeoShack has headquarters based in Dallas, TX and they have a local presence in Albuquerque and El Paso,
with 25 retail locations spread out through 9 states. Don Fox and the staff in Albuquerque have been doing the
rounds in the state at various meetings and chapter gatherings.
Ron Forstbauer has been hard at work in getting the CNM surveying program recognition and has requested
some input from various partners, please consider this appeal so that the program may grow from strength to
strength.
Congratulations to Dr. Jim Reilly for his award from AAGS for 2015. Thanks to Tom Moore for providing us
with the details and picture of Jim receiving the 2015 AAGS Joseph Dracup Award.
We have also received another useful contribution from Jason Foose, Mohave County Surveyor (Arizona).
This is regarding some more functionality in RPN programming using the HP50G Calculator. Frank Lenik
has been devoting a lot of his time with the young folk in promoting the surveying profession. Getting them
started at a young age and awarding them the merit badge seems like a winner.
David Acosta has shared with us some of his tribulations regarding the summer workload and also his partnership with some of the local talent from NMSU. Great to see that this is going on and that the opportunity exists
for the students to get some practical surveying experience.
Congratulations to Steve Toler and thank you to Holman's for the award regarding the Kern DKM-1. This is a
wonderful instrument and has a reputable reputation within the surveying community. I have often pondered
the thought of how many angle direct and reverse repetitions to make to gain the required accuracy whilst
perched up on a radio tower in many locations across the nation. This depends on the weather of course, on a
clear good summer day one could spend the whole day up there but in Ohio in the middle of the winter this is
not so appealing - so in this respect I tend to follow the advice of Dr. Burkholder: "It Depends". Earl has a
timely reminder of how to go about measuring and
understanding the intricacies of angle and direction
Front cover: NMSU Student Chapter President,
observations as you will discover in this issue. I will
Ramon Dominguez. Picture taken near Placitas,
dig up some photos showing some of the places we
NM. Back cover: Ramon working on a construchave set up this instrument to get an idea of the transportability aspect of this invention. You may want to
tion project near Albuquerque Sunport. Please
do the same, so let us have some of those!
refer to page 14.
Greetings, Barry

Editorial Policy
Benchmarks is published bimonthly by New Mexico Professional Surveyors. Unless copyrighted, articles may be reprinted in other professional publications provided that proper attribution is made to the
author and to this publication. All submissions are welcome and should be made directly to the editor
at barryphillips.pls@gmail.com. Submission of an article does not guarantee publication. We reserve
the right to edit all submitted material, and no material will be returned. The opinions expressed are
those of the author and are not necessarily those of NMPS, its officers, members, or associates.
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President’s Angle
Christopher Medina, PS
2015 NMPS President
August 2015

Fellow Professional Surveyors,
We have had a remarkable year with the amount of
moisture we have received this summer. Rivers are
flowing, reservoir levels have risen, and fields are green
(traveling to a project site on I-40 between Albuquerque and Laguna it was wonderful to see a green and lush
landscape). As our State received the much needed
rain NMPS has been working diligently on reviewing,
and submitting proposed changes to the Board of Registration for current minimum standards for
surveying.
At the February meeting for the NMPS Board of Directors a committee comprised of professional
surveyors representing different parts of the state was formed and tasked with reviewing the minimum
standards. In April, the Board of Registration notified NMPS of its intent to hold hearings to review
the minimum standards. In addition, the Board of Registration requested that NMPS submit recommended changes to the minimum standards.
Over the course of the past several months the minimum standards committee has worked hard reviewing previous NMPS recommendations, adding new changes and removing existing items. There
were instances where all committee members were on the same page and instances where they were
not. In June, a draft was sent out to the State Chapter Presidents to present the proposed changes
to their respective chapters and solicit comments. The committee received several comments from
NMPS members asking for additional items and removal of newly proposed items. Emails have been
bouncing back and forth between committee members addressing the additional comments and a final
draft (draft revision #5) was submitted to the NMPS Board of Directors at the August meeting. A vote
was called for and passed to accept the proposed changes. This draft will be submitted to the Board
of Registration for review at their next meeting.
I want to thank the minimum standards committee for their hard work and valuable input in preparing NMPS’s recommended changes to the minimum standards. I would especially like to extend by
gratitude to the committee chair who compiled all the data, kept the committee on task, and had the
resolve to see the revisions get completed.
The submitted changes to the minimum standards have been posted to the NMPS website and can be
viewed at www.nmps.org Δ
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Directions, Angles, and Accuracy

Earl F. Burkholder, PS, PE, F.ASCE – eburk@globalcogo.com
Global COGO, Inc. – Las Cruces, NM 88003
August 2015

Nearly everyone uses GPS but understanding angle measurement is still important!
For example, how many (direct/reverse) sets are needed to measure an angle having a
standard deviation of 3” or less when using a total station with a least count of 3”?
Answer – It depends!
This article does not take issue with the fact that many surveyors use GPS extensively, but it
provides background and procedures by which one can become more confident in the quality of
horizontal angles as measured by a theodolite and/or total station. It requires more than
claiming “My angles are good because I used a 3-second instrument as required by the
specifications.” With practical experience one acquires a “feel” for how well the angles are
measured. Such experience is valuable and should not be discounted but that experience should
be combined with one’s knowledge of the capability and limitations of the equipment being
used. As a point of reference, early in my career (in the 1970s) I was responsible for computing
hundreds of miles of Second-Order control traverses run with 1” theodolites and calibrated EDM.
Normal position misclosures were in the 1:30,000 to 1:50,000 range. We routinely observed 4
positions direct/reverse (D/R). Rarely did we need to adjust an observed angle on a control
traverse by more than 1 second of arc per station. When warranted (control for a nuclear power
plant site) we rented a Wild T-3 theodolite to establish a First-Order network. In that case, the
criterion for an astronomical azimuth was 0.45 second of arc. Meeting that and other criteria
was an interesting challenge.
Many things have changed since the 1970s but certain underlying concepts do not change and a
review of basic concepts is warranted. At the risk of being pedantic, I’ll begin with rather obvious
issues, then move on to make several points. In many cases, the connotation of the word “error”
is bad because it implies something is not correct. In the sense of survey measurements, the
word “error” deserves more consideration. Three categories of error in survey measurements
include:
1. Mistakes/blunders
2. Systematic error
3. Random error
Mistakes are indeed bad and eliminating mistakes involves “doing the right thing right.” This
requires knowledge of equipment, procedures, and project/job requirements. Eliminating
mistakes also involves checking and rechecking one’s work to insure that results are consistent
with expectations. In this article, responsibility for and taking steps to eliminate mistakes is left
to the user.

Benchmarks
Systematic errors arise from imperfections in the equipment being used and/or physical
circumstances of a measurement. Systematic errors can be identified, studied, and eliminated by
appropriate observing procedures or by computing and applying appropriate corrections.
Examples include the angular eccentricity error of a theodolite, maladjustment of a level bubble,
and, in taping, the temperature of the tape or the tension applied to a tape during a
measurement.
Even if the systematic errors have been identified and eliminated, no measurement is perfect –
random errors reflect those imperfections and have three characteristics which, collectively, can
provide valuable insight into the quality of a measurement. Random errors (see diagram at
http://www.globalcogo.com/SD002.pdf):
1. Are small more often than large – the errors are grouped close to the mean.
2. Are positive and negative in equal numbers – the bell curve is symmetrical.
3. Very large random errors do not occur – they are called “blunders” if they occur.
The modern electronic total station is different than optical theodolites of the past. Even so,
with regard to understanding the quality of measured angles, systematic and random errors both
need to be considered.
The next two paragraphs involve splitting hairs, but understanding how an angle and a direction
are different can be helpful. The difference between an angle and a direction is that a direction is
observed while an angle is computed as the difference between two directions. On older
instruments such as a transit (having an analog scale), one could actually measure horizontal
angles. In cases where the reference direction is zero, the angle and the associated direction
have the same numerical value. For example, in those older instruments, the vertical circle
typically has “zero” on the horizontal as a reference line – perpendicular to the plumb line.
Angles were measured either up or down from the reference horizontal and the reading on the
vertical circle was really an observed direction. Because the reference direction is “zero,” the
direction reading on the vertical circle is called an angle. The angle and direction have the same
numerical value. Confused? Maybe the next paragraph will help.
From a statistical perspective, a direction is an independent observation while an angle is not.
Computed as the difference between two directions, the uncertainty of an angle is dependent
upon the accuracy of the observations on each target. Basic error propagation computations
presume independent observations. (In technical terms, independence means that the
covariance matrix is diagonal. If the measurements are not independent, the correlation
information is carried in the off-diagonal elements of the observational covariance matrix.) That
observational independence is a subtle characteristic of optical “directional” theodolites
embodying a micrometer for reading both the horizontal and vertical circles. Strictly speaking, it
is not possible to measure an angle with a directional instrument – only directions. Angles are
computed from directions to the targets. Although less obvious, the angle/direction distinction
and error propagation concepts remain valid if using an electronic total station.
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A simple exercise has been very useful in an academic setting when studying the characteristics
of random and systematic error. The exercise involves use of a well-defined target, a theodolite,
and an observer. The activity is observing the direction to the target by pointing the cross-hair
on the target and recording the direction.
Two options are:
1. Using an analog micrometer instrument such as a Wild T-2 or Kern DKM-2.
2. Using an electronic total station which displays a unique direction to the target.
The two options are similar but different. A similarity between options 1 and 2 is that direct and
reverse observations are employed in each case to cancel out systematic eccentricity error. An
important difference is that a direction observation with the older analog instrument has two
sources of random error, 1) pointing the cross-hair precisely on the target and 2) setting
coincidence on the micrometer prior to reading the scale. The electronic total station eliminates
the micrometer setting operation which means the only source of random error is pointing the
cross-hair on the target.
For those interested in using option 1, the procedure is slightly more involved because both
sources of random error need to be identified. A description of the option 1 procedure is posted
at http://www.globalcogo.com/Assign4Pointing.pdf. The remainder of this article considers
option 2 – use of an electronic total station.
In addition to the three characteristics of random error described above, several other concepts
and equations described in standard surveying texts are:
1. The standard deviation of an observation is computed as:
�( �𝑒𝑎𝑛− �𝑖 )2
(𝑛−�)

𝜎𝑜�𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 = �

(1)

2. The standard deviation of the mean of repeated observations is:
𝜎�𝑒𝑎𝑛 =

𝜎𝑜�𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
√𝑛

(2)

3. The standard deviation of a series of measurements where multiple error sources all
contribute to the uncertainty of the result is:
2
2
2
𝜎𝑠𝑒𝑟𝑖𝑒𝑠 = �𝜎�𝑒𝑎𝑛�
+ 𝜎�𝑒𝑎𝑛2
+ . . . 𝜎�𝑒𝑎𝑛(𝑛)

(3)

2
) = √𝑛 𝜎�𝑒𝑎𝑛
𝜎𝑠𝑒𝑟𝑖𝑒𝑠 = �𝑛(𝜎�𝑒𝑎𝑛

(4)
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Where:

= a single observation

mean
Σ
n
𝜎𝑜�𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝜎�𝑒𝑎𝑛
𝜎𝑠𝑒𝑟𝑖𝑒𝑠

=
=
=
=
=
=

the mean of a set of observations of same quantity.
summation symbol meaning to add individual quantities.
number of observations
standard deviation of a single observation.
standard deviation of the mean of a set of observations.
standard deviation of a collection of pieces.

A formal derivation for equations (2) and (4) can be found at www.globalcogo.com/series.pdf .
A “heads-up” here may be helpful. In the analysis that follows, equations (2) and (4) are each
used, effectively canceling out. That leads to a “simple” conclusion that may be misleading.
This paragraph describes an exercise that can be used to document one’s finesse with an
instrument. The instrument is set up (leveled), a well-defined target is carefully sighted, and the
direction is recorded. (Note, the direction can be arbitrary and the value of the recorded
direction should be consistent with the least-count of the instrument.) Then, using the horizontal
slow motion screw, the cross-hair is moved, and the target is re-sighted. The second recorded
direction should be independent of the first. After recording say 25 such observations, the
questions to be answered are 1) What is the mean direction to the target? 2) What is the
standard deviation of a single pointing? And 3) What is the standard deviation of the mean of
the observations? A computational example is posted at www.globalcogo.com/SD001.pdf. A
suggestion is to compute the standard deviations in terms of seconds of arc.
Next, plunge the telescope of the instrument, repeat the observations, and compute the mean
reverse direction to the target. Also, compute the standard deviation of a single reverse pointing
and the standard deviation of the mean of the reverse observations. The operational finesse of
the observer is related to the similarity of the standard deviation of a single observation in each
direct/reverse data set. The standard deviation of the two means should also be very similar.
For the rest of this article, the standard deviations for single direct and reverse sightings are
assumed to be the same. By performing the test described, each person can develop reliable
personal data when using a given instrument. To continue, I’ll use a personal value of 6” for my
ability to point a cross-hair on the target. Backsights and foresights are abbreviated BS and FS.
Given a standard deviation of 6” for each sighting, compute the direction to the BS and the
standard deviation of the combined direct/reverse (D/R) direction to the BS as:
𝑀𝑒𝑎𝑛 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝐵𝑆 =

𝜎𝐵𝑆 =

𝜎𝑜�𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
√2

=

𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝐵𝑆(𝑑𝑖𝑟𝑒𝑐𝑡) + 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝐵𝑆 (𝑟𝑒𝑣𝑒𝑟𝑠𝑒)
2

6 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
√2

= 4.2 𝑠𝑒𝑐

by equation (2)

If multiple targets are involved, an angle is still the difference between any two named
directions. The nomenclature is easier if we consider one direction to be the BS and one direction
to be the FS. Then, the computed angle, BS to FS is:
𝐴𝑛𝑔𝑙𝑒 𝐵𝑆 𝑡𝑜 𝐹𝑆 = 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝐹𝑆 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝐵𝑆
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If multiple targets are involved, an angle is still the difference between any two named
directions. The nomenclature is easier if we consider one direction to be the BS and one direction
to be the FS. Then, the computed angle, BS to FS is:
𝐴𝑛𝑔𝑙𝑒 𝐵𝑆 𝑡𝑜 𝐹𝑆 = 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝐹𝑆 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝐵𝑆

And the standard deviation of one set (D/R) from BS to FS is by series equation (4)
2
2
2
𝜎𝑎𝑛𝑔𝑙𝑒,� 𝑠𝑒𝑡 = �𝜎𝐵𝑆
+ 𝜎𝐹𝑆
= �2 𝜎𝐵𝑆
= √2𝜎𝐵𝑆 = √2 ∗ 4.2 𝑠𝑒𝑐. = 6 𝑠𝑒𝑐𝑜𝑛𝑑𝑠.

And using equation (2) above to solve for n, the number of sets required to end up with a mean
angle of 3 seconds is:

3 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 = 𝜎𝑎𝑛𝑔𝑙𝑒 =

𝑺𝒐𝒍𝒗𝒆 𝒇𝒐𝒓 𝒏: √𝒏 =

𝜎� 𝑠𝑒𝑡

�𝑛���𝑒𝑟 𝑜� 𝑠𝑒𝑡𝑠
𝟔"
𝟑"

=𝟐 𝒏=𝟒

=

6 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
√𝑛

(5)

In this case, if my ability to point the cross-hair on the target is 6 seconds, then 4 sets of D/R
angles are needed to end up with an angle having a standard deviation of 3 seconds.
Other conditions being met, the take-away from this article is that the number of sets needed to
achieve a given level of accuracy (standard deviation) for an angle is:
**************************************************************************

𝑛 𝑠𝑒𝑡𝑠 = �

�𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝑜�𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 �𝑜𝑟 𝑜𝑛𝑒 �𝑜𝑖𝑛𝑡𝑖𝑛𝑔 2
𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 �𝑜𝑟 𝑎 �𝑒𝑎𝑠�𝑟𝑒𝑑 𝑎𝑛𝑔𝑙𝑒

�

(6)

**************************************************************************
Comments:
1. The answer for the number of sets needed hinges on one’s demonstrated finesse in pointing
the cross-hair on the target. This value is determined for a specific person-instrument
combination. The presumption is that the target is stable, distinct, and well-defined.
2. For the example above, 4 D/R sets are required to meet the 3-second criterion.
3. Each of the 4 sets requires 4 sightings – backsight D/R and foresight D/R.
4. The least count of the instrument being used should be comparable to desired standard
deviation of angle being measured. That is, don’t expect to be able to use a 10” instrument
and many sets to achieve 2” standard deviation for a measured angle. Statistically it might
be possible, but such is not good professional practice.
5. Equally important, when running a closed traverse, one should expect the angular misclosure
per station to be consistent with the measuring techniques employed.
6. Charles D. Ghilani’s book, Adjustment Computations Spatial Data Analysis 4th Edition, 2006,
John Wiley & Sons, contains additional theory on angle measurement and discusses the DIN
18723 standard for angle measurement. Δ
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Now available in New Mexico, Trimble® VRS Now™ offers instant access to real-time, centimeter-level
RTK corrections with no base station setup or maintenance. Start working immediately, and experience the
increased reliability that GPS and GLONASS satellite accessibility offers. Trimble VRS Now offers outstanding
service availability and stability via a state-of-the-art base station network covering Central New Mexico.*
See for yourself at http://www.vrsnow.us/Map/SensorMap.aspx
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Vectors, Inc. at 505-821-3044 // vectorsinc.com
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Limited. All other trademarks are the property of their respective owners.
*Performance and coverage may vary pending conditions
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Summer Brief from David Acosta, Albuquerque

What a great summer its been! Lots of new development taking place keeping us surveyors busy. Its
always a great feeling to see a project being built and finished knowing that you were a part of it in some
way or another.
One of the highlights of the summer was being able to hire the current NMSU Student Chapter President, Ramon Dominguez who is heading into his senior year in the CNM/NMSU Survey Program. I am
glad to have had the opportunity to get some extra help this summer and its also great that he is a fellow
AGGIE! I recall, when I was still attending NMSU that I would count on working in the summer to have
extra money for those expensive books, parking stickers and an occasional trip to Chopes Cafe. I have
to give a big thanks to Wilson & Company for always giving me summer work and I'm glad that I could
do the same for Ramon this summer. I have been able to expose him to various types of Surveying from
Construction staking, Boundary, Topographic, CADD and even had fun flying the "drone" a few times.
It was great to see Ramon grow and learn throughout the summer and we will miss him greatly when
he goes back to school. I encourage all Surveyors to get to know the CNM/NMSU students and talk to
them if the opportunity presents itself. Maybe you might need a new technician down the road or have
an opening for a L.S.I.T. position? Its always great to pass and share knowledge. Who knows, you
might be retracing one their Surveys someday. Δ
Front and back cover photos of Ramon Dominguez submitted by David Acosta

412 N. Dal Paso
Hobbs, NM 88240
Tel: (575) 393-3117
Fax: (575) 393-3450
www.jwsc.biz
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HP 50G TRADITIONAL RPN FUNCTIONS
FOR THE SURVEYOR
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Jason Foose
Mohave County Surveyor

The HP 50G is an awesome machine capable of just about any conceivable mathematic operation. Here’s
the catch. It says “Graphing Calculator” right on its face but it’s not really a conventional calculator. It’s a
handheld list processor. Go ahead and Google “LISP” for more details on list processors. Simply put, RPL
or Reverse Polish LISP is an adaptation of the fundamental operating language LISP. It places items in a
stack then executes commands to produce a resulting output. It’s a logical advancement of good old RPN.
Like mathematics itself RPL’s efficiency is timeless and somewhat resistant to obsolescence, at least in my
practical use. However, I won’t assume any license to speak for the marketing folks at HP. The next logical
progression seems to be Computer Algebraic Systems or CAS. The 50g offers CAS but I don’t find myself
working in CAS unless HP has provided a routine as such. The new HP PRIME is very much a CAS and
in side by side comparison the contrast between the two systems becomes very apparent. Although I favor
RPL/RPN over CAS, I am very impressed with HP PRIME and hope the platform may be offered with
advanced RPN/RPL in the future.
I routinely use a calculator for:
1.)
polar/rectangular conversions of coordinates, and;
2.)
summing up the differences in those coordinates.
Basically stated I can accomplish this through:
1.)
Converting degrees, minutes, seconds, to decimal degrees;
2.)
P>R conversions;
3.)
Combining coordinates in a complex number format;
4.)
Adding or subtracting complex coordinate values;
5.)
Rolling stack values to manipulate.
The 50G is more than capable of performing these basic math operations. The trick is bringing these RPL
functions up front and making them readily accessible. Here’s one way to accomplish that task.
Begin by creating a directory called “RPN” under “HOME” and make it the active directory.
A FEW NOTES PRIOR TO ENTERING PROGRAMS:
The << >> program delineators are available through right shift [+] key. The R→C command is found
by left shift [SYMB] (for MTH) [NXT] [F3] (for CMPLX) [F3] (for C→R). The symbol ► can be accessed from the characters menu by right shift and EVAL key. All of the commands are available through
keystrokes. Refer to the advanced user’s guide for keystroke short cuts. You can simply type them if you
know them. The following functions will appear on the hot key layout as you enter them. Rearrange them
by accessing the directory under “FILES” (left shift APPS key) and “ORDER” when you have entered all
of the routines.
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1.)
Input the following text << SWAP DUP2 SIN * ROT ROT COS * SWAP 2 FIX >> press enter key
to complete.

2.)
Type the text P►R then press then STO key. You should see the text P►R pop up as a variable
over the F1 hot key. This is your polar to rectangular conversion key.
3.)
Input the following text << SWAP R→C DUP ARG 450 SWAP – 360 MOD →HMS SWAP ABS
4 FIX >> press enter key to complete.

4.)
Type the text R►P then press the STO key. You should see R►P pop up over the F1 hot key and
P►R over the F2 hotkey. As noted above you can reorganize the stored variables with the ORDER command. This is your rectangular/polar conversion.
5.)
Input the following text << HMS→ 4 FIX >> press enter to complete.

Benchmarks
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6.)
Type HMS► then press the STO key. This is your Degrees to decimal conversion. The reverse
conversion DD→DMS is built in to the routines as needed. You may favor adding a →HMS conversion
too but I normally get what I need out of the routines or occasionally muddle through right shift TIME
TOOLS NXT to get to my angular conversion tools.
7.)
Input the following text << R→C ROT ROT R→C SWAP + C→R>> press enter to complete.
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8.)
Type CMPL+ then press the STO key. This turns stack levels 1 & 2 into a complex number then
levels 3 & 4 into a complex number then adds them. This is useful for adding latitude/departures to coordinate values.
9.)
Input the following text <<R→C ROT ROT R→C - C→R>> press enter to complete.

10.)
11.)

Type CMPL- then press the STO key. This is the same as complex + except that is subtracts coordinates. It provides an inverse latitude/departure between values.
Input the following text << DEPTH 4 IF == THEN 4 ROLLD ELSE UNROT END>> press
enter to complete.

Benchmarks
12.)

Type ROLL↓ then press the STO key. This routine rolls either a 3 or 4 level stack.
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The final hotkey menu(above).

The directory screen showing the order command. Note: LRGSN & PBFIT are not featured in this article.
LRGSN is my adaptation of the linear regression functions and PBFIT is a place holder for a future parametric/parabolic fit routine I’ve been scratching around with. Let me know if you’re interested and I’ll
forward the info to Benchmarks.
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HOW IT WORKS
Enter an azimuth in DD.MMSS format and press the HMS→ to convert to DD.DDDD format then key in
the distance and hit enter. Hit P►R to display lat/dep.
KEYSTROKES
45.0030 [ENTER]
HMS►
100 [ENTER]
P►R
RESULT
STACK 2:
70.70 (Latitude)
STACK 1:
70.72 (Departure)
Solve S 30°15’15” W 250.00 feet
KEYSTROKES
180 (southwest quadrant) [ENTER]
30.1515 [ENTER]
HMS►
+
250 [ENTER]
P►R
RESULT
STACK 2:
-215.95
STACK 1:
-125.96
Now add that Lat/Dep to an existing coordinate. Do not clear the stack simply continue.
500 [ENTER] point northing
500 [ENTER] point easting
CMPL+
RESULT
STACK 2:		
284.05 (northing)
STACK 1:		
374.04 (easting)
CONTINUE TRAVERSING
10.3045 [ENTER]
N10°30’45”E
HMS►
200 [ENTER]			
200.00 feet
P►R
CMPL+
RESULT
STACK 2:		
480.69 (northing)
STACK 1:		
410.53 (easting)

Benchmarks
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To inverse between points simply enter coordinate pairs sequentially in the stack and use CMPL- then
R►P. We will solve the inverse between our last point in the stack (480.69/410.53) and our first point
(500/500) as follows:
500 [ENTER]
500 [ENTER]
CMPLR►P
RESULT
STACK 2:		
77.4922
Azimuth in HMS
STACK 1:		
91.5286
Distance

ROLL↓ will roll a 3 or 4 level stack just like the old time RPN computers. You will get an error if only
one or two stack elements are present. Normally when only 2 elements are present the swap command is
implemented rather than ROLL so the flaw goes unnoticed. SWAP is available by simply keying the right
silver arrow key.
Please do not hesitate to email any questions whatsoever to rls43185@gmail.com. Δ

Established to increase public
interest and awareness,
recognize deserving teachers,
and provide technology for
Autism specific classrooms.
Learn how to help at

www.Holmans.com/Foundation
or call Rachel Muniz at 505-343-3508
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Holman’s Inc. Announces Winner of the 2015 Surveying Contest
Albuquerque, NM – June 22, 2015-- In the last publication of Benchmarks
Holman’s Inc, in honor of their 60th Anniversary, ran a contest asking readers to
answer questions about a mystery picture of a vintage Theodolite. The winner was
an Albuquerque Surveyor; Stephen Toler of Surveying Control, Inc. Stephen was
awarded a $100.00 gift certificate on June 11th at Holman’s Retail Location on
Jefferson. Stephen and other entrants were given a Holman’s t-shirt that says
“Surveyors do it with Precision.”
The 1951 Kern Theodolite was made in Switzerland and was popular as an
exploration and expedition instrument. It is surprisingly precise and rugged in
relation to its size and weight (just 4lbs). The image was inverted and the accuracy
was ten seconds direct reading and one second by estimation.
This year will mark the 60th Anniversary of Holman’s here in New Mexico. We provide
sales, training, and technical support for every customer based on 60 years of
business experience. Holman’s is here to help you make informed decisions and
provide you with world-class service for the life of the equipment.
Contact Information:
Holman’s Inc.
Tony Trujillo
6201 Jefferson Street NE
505-343-3508
Holmans.com
events@holmans.com

Steve Toler (left) receiving his
reward from
Tony Trujillo (Snr).

Your Friend in the Field
We provide sales, training, and technical
support for every customer based on
60 years of business experience.
Holman’s is here to help you make
informed decisions and provide you
with world-class service for the
life of the equipment.

ScanStation P30 & P40
Because every detail matters
The right choice
Real-time planning of architecture and
building projects with fast and accurate
deliverables.
Reduced downtime
Performs under the toughest
environmental conditions.
Realistic clarity
Unsurpassed range and angular accuracy.
Complete scanning solution
3D laser scanner data can be processed
in the industry’s leading 3D point cloud
software suite.

Call 505-343-0007 for your demo + quote
Holman’s USA, LLC | 6201 Jefferson St NE, Albuquerque, NM 87109 | Holmans.com
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Where’s the Point?
The 2015 AAGS Joseph Dracup Award Winner
-Wm. Thomas Moore

The American Association for Geodetic Surveying (AAGS) has an award called the Joseph Dracup Lifetime
Achievement Award. AAGS President Ronnie Taylor and past President Steve Briggs had the pleasure
of presenting the award to Dr. James P. Reilly, the former department head of surveying engineering at
N.M.S.U., via teleconference August 10 of this year.
Dr. Reilly was the first President of AAGS after the change from the Control Surveys Division of ACSM.
In addition to being an educator he has consulted and given seminars on survey control internationally
and is highly deserving of this lifetime achievement award.

Dr. Reilly stands
outside his home
beside
Anthony Gutierrez of
GEM Surveying,
Las Cruces, NM who
was able
deliver the plaque to
him.

AAGS has a webpage at http://www.aagsmo.org/ and under the tab “News” they will be posting more on the
2015 recipient. They also have a facebook page at https://www.facebook.com/pages/American-Associationfor-Geodetic-Surveying/159457487422449 where a couple of pictures of him have been posted.
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Dr. Reilly is retired but was recently a member of the AAGS committee for Geodetic Education and
Certification. Years ago he authored the first ever draft for Geodetic Certification.
Congratulations Doc!
For those interested about Joseph Dracup, “His career with the Coast and Geodetic Survey and its geodetic
offshoot, NGS, spanned almost 40 years, culminating in the position of Chief of the Control Networks
Division from 1973 until his own retirement in 1979.” Retrieved August 11, 2015 from http://onlinelibrary.
wiley.com/doi/10.1029/00EO00201/full, in the article Joseph F. Dracup (1920–2000) published in Eos,
Transactions American Geophysical Union ... Volume 81, Issue 24. Pages 265–269. Δ
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CNM News
Benchmarks September 2015
Central New Mexico Community College
Geospatial Information and Surveying Technology News
Ron Forstbauer, PS
Surveying/CAD/GIS Instructor
Central New Mexico Community College
rforstbauer@cnm.edu
Thank You Dave and Dustin Cooper
On behalf of CNM, I would like to sincerely thank Dave and Dustin Cooper for their generous financial assistance to one of our surveying students. On very short notice, they stepped up and enabled the
student to continue his studies by covering his tuition for the fall semester. The timing was critical and
Dave and Dustin went to work and got this done overnight. This was a wonderful gesture that had a great
impact on the CNM Surveying Program.
CNM has always had a wonderful relationship with NMPS and its members. The students and the college truly appreciate your support.
Surveying Internships
CNM is looking for local businesses to provide work experience for our surveying and GIS students.
This experience would ideally be in the form of paid part-time employment. Our students possess a
variety of skills and would benefit greatly from the practical application of those skills. Depending on
where they are in their studies surveying students have a basic knowledge of:
Total station operation
Data collection
GPS operation
Civil 3D
GIS
ArcMap
CNM surveying students are motivated, conscientious and available to work flexible hours. You will be
helping the surveying community and establishing a source of dependable employees.
Please contact me with any questions or to offer an internship.
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Advisory Committee
The CNM Geospatial Information and Surveying Technology Cluster has an Advisory Committee composed of CNM Faculty, Administration and Industry Partners. The committee meets twice a year to seek
input and to inform the community of what we are currently offering and what our plans for the future
are. CNM wishes to be responsive to the professional community and asks for your comments and concerns.
We would be pleased to have you at our next meeting which will occur on Wednesday, November 11,
2015 at noon in the Advanced Technology Center, 4700 Alameda Boulevard NE, Albuquerque, NM;
Room 108. If you would like to be added to the email list to receive a reminder please contact me. Δ

CNM students collecting point locations with a GPS receiver. These points are the same as
those that were used in a total station traverse. The students then compare the results and the
procedures of the two methods.
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2015 Ruidoso Seminar and Golf Day

Art at the
entrance to Inn
of the Mountain
Gods Resort

This year’s tournament and seminar was another success.
The seminar was well received with 51 attendees. Titled “Manifest Destiny and the Bumbled
Boundary”, attendees were educated and entertained with a history lesson beginning in the 1600’s
to the present day establishment of the Texas – New Mexico Boundary.

Speaker
Ken Gold

Benchmarks

29

There were 30 teams competing in the tournament. The rain threatened throughout the
day but managed to stay away though many
players may have wished it had come during
the day when afternoon temperatures heated
up. The team of David Senn and Kerry
Greiner once again won the tournament just
beating the team of Allen Grace and
Gary Eidson.

Above: Bud Thompson, left and
Michael Spores, right.

Above, left to right: Allen Grace,

Phillip Sublett, Gary Jones.

Left, left to right:
Chris Suiter, Brandon Hedrick,
Greg Shoultz, Jeff Suiter

Submitted by Gary Eidson
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Benchmarks

Corporate Member
GeoShack
Dallas and El Paso, TX and
Albuquerque, NM

Sustaining Members
Tim Aldrich
Aldrich Land Surveying
Albuquerque, NM

Kery Greiner
Diamondback Land Surveying
Mesilla Park, NM

Earl F. Burkholder
Global Cogo, Inc.
Las Cruces, NM

Ira Hardin
Hardin Engineering
Las Cruces, NM

Isaac Camacho
Brock & Bustillos Inc.
Las Cruces, NM

Keith Stickford
North Star Land Surveying
La Jara, NM

Douglas W. Copeland
Douglas W. Copeland PEPS
T or C, NM

Thomas Johnston
Wayjohn Surveying Inc.
Albuquerque, NM

Marc A. DePauli
DePauli Engineering &
Surveying, LLC
Gallup, NM

Glen Thurow
Land Links & Consulting Services,
LLC
Albuquerque, NM

Russell Elliott
Elliott Surveying
Albuquerque, NM

Salvador Vigil
Land Surveying Co, LLC
Santa Fe, NM

Thank you for your support!
Sustaining Membership

The Sustaining Membership category is reserved for Professional Surveying Companies represented by a New Mexico
Professional Surveyor and for individual New Mexico Professional Surveyors. Please contact the NMPS office for
more information or to upgrade your existing membership.
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