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EDITORIAL
One has to wonder what really happened on North West Airlines flight 188 having overshot the 
destination by 150 miles. Flying has certainly changed spectacularly and continues to do so with 
the FAA implementing the Wide Area Augmentation System (WAAS) and lately the Local Area 
Augmentation System (LAAS). Has piloting become so “boring” due to all the wonderful naviga-
tion and positioning aides, GPS being one, that the pilots could possibly fall prey to the ever pres-
ent Mr. Sandman. I am not totally sure about the exact type of aircraft and what instrumentation 
the owners have installed in the cockpit but I shudder to think what would happen  with a sudden 
loss of oxygen with the driver asleep at the stick, or any other emergency for that matter. Some 
car manufacturers have been developing systems that supposedly can detect driver fatigue so it 
will be interesting to see what will result from this fiasco. 

Speaking about falling asleep at the wheel and drawing a parallel with our own work environment, 
we need to pay serious attention to the results that these wonderful instruments spew out, and 
realize that they are only part of getting to the final solution. It would seem that we have ample 
time and cause to look over the results and make appropriate decisions as to the validity of our 
solutions, and not just to be on auto-pilot all the time. 

It is the time of year again to think of the well being of the NMPS body as a whole and give some 
serious thought to nominations of office bearers within your chapter and the board. The profes-
sion needs willing participation and enthusiasm so that we do not find ourselves collectively 
asleep at the wheel. The members that serve us so well need your input as you will notice as you 
read this edition from cover to cover. 

This will be the last printed edition before the end of 2009. ”How time flies when you are having 
fun...”. We hope that you all have a joyous Thanksgiving and an upbeat ending to the year. May 
next year bring good fortune and a great surveying environment after a difficult 2009! Thank you 
to all our sustaining members for keeping us going for another year.

Best wishes,
Barry

Editorial Policy
Benchmarks is published bimonthly by New Mexico Professional Surveyors.  Unless copyrighted, ar-
ticles 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.  

Address Changes for NMPS Members
Please remember to send any address changes to 
Patty Floyd, the Executive Director. 
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President’s Angle
Earl F. Burkholder, PS, PE

2009 NMPS President
October 23, 2009

In the September 2009 column, I promised to speculate on what surveying professionals might do to en-
sure the continued viability of the surveying profession.  In a word, “participate.”  I have no crystal ball, 
but I fully anticipate that the future of surveying lies between two extremes – as a profession, surveying 
will not go away but neither will surveying ever arrive at that state of perfection we all dream about.  If 
we can agree that our individual participation is more important than some nebulous state of perfection, 
then I am optimistic that our professional journey can be more satisfying for us as individuals than if we 
assume the role of a critical cross-country spectator who chides the runners for not trying hard enough.  I 
believe the profession will ultimately benefit the most from that collection of persons who participate and 
give it their best effort.  

Maybe I should practice what I preach.  The following is a story but it contains some truth.  I’m sure you’ll 
get the point.  I and my family have moved a number of times in which we were new to the community.  
With each such move, the issue comes up as to what church we should attend.  It is interesting to visit 
various congregations and to get a feel of community/dedication/service and other attributes.  We’ve made 
the observation that it really is difficult to find the perfect church.  But, guess what, one day we found it.  
What a joy.  Then, following up on several visits and discussions we decided to join “the perfect church.”  
My, my, can you imagine our disappointment when we then came to realize that this perfect church was 
not so perfect after all – like us, people there also had foibles.  Humm. . .  No organization or group of 
humans is perfect!  

Once aware of the imperfections, it becomes easy to just quit attending and/or to become uninvolved.  Is 
that the attitude we take with our profession?  If the group or organization does not do what we want or 
does not embrace the values we hold important, then we feel justified in taking our “business” elsewhere.  
Wait!  Stop right there!  Now ask, “In such a case, who loses?”  In terms of what does not happen, both 
sides tend to lose and ultimately status quo degenerates into mediocrity.

That may be overstating the case.  After all, the churches of which I never became a member seem to get 
along just fine without me.  But, the point of this column is to focus on what can happen when we do 
get involved.  I really do not know the answer, but let’s speculate a bit.  Any organization thrives on the 
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attitudes and actions of its members.  A supportive attitude and active participation are essential for vitality 
and growth.  The organization and the individual are both invigorated by active participation.  Joining any 
organization and just paying the dues and/or getting ones name on a membership roster may be justified 
but, without active participation, mediocrity will flourish like weeds in an untended garden.    The orga-
nization and the individual member both benefit to the extent one becomes actively involved.  The saying 
goes, “What is in it for me?”  The answer is “nothing” unless you become involved.  

Such parallels could be taken too far.  But, if there is benefit or inspiration to be drawn from the analogy, 
then I’ve achieved my objective.  Quite simply, the surveying profession needs you.  We all have a contribu-
tion to make, if it’s none other than offering a sympathetic ear or a word of encouragement to others.  Too 
often, it is easy to be judgmental as we compare our own circumstance with that of others.  What good does 
that accomplish?  The temptation is to build a self-image or a reputation on the foibles of others.  I submit 
that is short-sighted and self-defeating.  We need to develop a vision and decide what it is we really want 
(that is an entire separate column but, for now I would ask each reader to visit the NMPS web site and read 
our mission).  Once that vision is in place, many creative individuals will do those things that contribute 
to the good of the group without being told to do so or without expecting accolades for services rendered.  
We do it because it is the right thing to do and our contribution, even though it may be small, contributes 
to the well being of the organization.  

Following is a restatement of the question posed in the September issue.  What can or should surveying pro-
fessionals do to ensure continued viability of our profession?  Should we hunker down and focus primarily 
on the boundary issues or should we open up the profession and embrace others who, although they may 
do extensive work with spatial data, might not have the background, insight, or motivation to understand 
real surveying.  Is it possible or desirable to have it both ways?  

OK, I did not answer my own question but I attempted to lay the ground-work for additional discussion.  
A sharper vision and renewed professional identity will emerge as we trade ideas, share experiences, and 
offer encouragement to each other.  In so doing, each voice deserves to be heard – if offered as a sincere 
contribution to the profession.  But, it is also true that naysayers, even if their point is valid, tend to be 
ignored.  

In the next President’s column I hope to comment 
on the surveying body of knowledge, cause and 
effect, and “connecting the dots” with regard to 
promoting a broader view of what it is surveying 
is and does.  But, it probably comes as no surprise 
that I see surveying as part of a larger collection 
of spatial data professionals.  I also believe the 
surveying profession can make a huge contribu-
tion in that arena and that we can prosper, both 
financially and on the satisfaction scale.  The 
opportunities are endless and exciting.  Δ
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An Introduction to an Old Almanac-Part 2

Geoff Miller
Azimuth by the Hour Angle Method

“Well” Denny began, “azimuth by the hour angle method also involves solution of the PZS triangle”.  
He produced the steno pad he’d been using to work-up their celestial data and carefully drew the diagram 
in Figure 5.  “We’ve already determined arcs PZ and PS (the complements of the latitude and the Sun’s 
declination) so that part is the same.  You’ll note however, that I’ve drawn-in the third side (the comple-
ment of the Sun’s altitude) as a dotted line.  Instead of measuring the altitude, we’re going to compute it 
by considering two other data; our longitude and the Sun’s Greenwich hour angle (GHA).  All the work 
we did to determine the precise Greenwich time at the instant of measurement and to compute the Sun’s 
GHA from the almanac, was so that we can do what I’m about to tell you.”

Figure 5: PZS triangle showing important parts for determination of azimuth by the hour angle method

“You’ll also note that I’ve drawn a portion of the Greenwich meridian in this figure.  As a matter 
of fact all three arcs; PG, PS, and PZ, are meridian arcs.  The angle from the Greenwich meridian to ours 
(angle GPZ) is obviously our longitude (λ), and the angle SPG is the Sun’s Greenwich hour angle.  The 
difference, λ - GHA, is known as the Sun’s local hour angle which I’ll symbolize as delta (Δ).  We now 
know two sides of a spherical triangle (cφ and cδ) together with their included angle (Δ); the so-called 
side-angle-side case.  Just like in plane trigonometry we can now compute the length of the remaining 
side.”

“I think I see where you are going with this” interjected Greg.  “We compute the co-altitude arc 
ZS which is the third side.  We then solve for azimuth using the same plug-and-play equations that we 
used before.”

“Exactly” said Denny.  “And the equation for finding the altitude is called the ‘law of cosines 
for sides’.  It is a very important relationship in spherical trigonometry, exactly analogous to the law of 
cosines in plane trig:
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For the first morning measurement Δ = λ – GHA = 106° 12.2’ – 70° 23.5’ = 35° 48.7’.

Using our previous values for cφ and cδ, the computed co-altitude is 56° 50.0’.

 “Let’s see how that compares with our measured co-altitude.”  Denny flipped back through the 
notes he’d been making.  “The measured co-altitude was 56° 50.1’.  Right on the money!  We’re actually 
a bit lucky that the measured and computed values were this close, but if they had differed by more than 
say 2’, I’d have started looking for mistakes.  Because the altitudes are so close, the azimuth we get in 
this case will obviously be very close to the ‘altitude method’ value.”
 “Now, as an aside, you’ll find in surveying textbooks several formulae for computing azimuth 
directly using HA data.  Different formulas may be used to solve for either the cosine or tangent of the 
AZ without solving for the Sun’s altitude as an intermediate entity.  I use the more circuitous route for 
two reasons.  First, as I just pointed out, by computing the altitude I can then compare it to my measured 
value.  Second, notice that the equations we’ve employed solve for AZ/2 and not AZ.”
 “Why is it important to solve for half the azimuth?” Greg asked.
“It’s not a really big deal, but it eliminates one more potential source of error, especially if you’ve pro-
grammed your computer to perform the calculations and ignored one subtle fact.  You see, most of the 
time the Sun’s AZ (reckoned either east or west from north) will be between 90° and 180°.  I mean, think 
about when you make your measurements, it will generally be between 6:00 AM and 6:00 PM.  The bear-
ing of the Sun is therefore going to be either SE or SW.  Well, the tangent function is negative for angles 
in the range 90° to 180° and most calculators and computers will return a negative angle when you take 
the arctangent of a negative number.  Recognizing this one simply adds 180 to the computer’s result to 
get the desired azimuth.  But, it is possible that in the summer, especially in the morning when daylight 
savings time is in effect, you might take data when the Sun’s AZ is < 90°.  If one gets careless and adds 
180° to a result that is in the first quadrant, the AZ will be off by 180°.  That’s why I want the computer 
to compute AZ/2.  The tangent of AZ/2 will always be positive, the computer will always return an angle 
in the first quadrant, and one always multiplies that result by two; …..no exceptions.”

 All conversation stopped when the food arrived.  Cindy put on quite a show of placing Greg’s 
burgers in front of him saying, “Charlie, he’s the cook, is a friend of mine.  I told him y’all were special 
customers.”  She then required a second visit to their table to bring a large assortment of condiments, 
placing all within easy reach of Greg.  “Can I get y’all anything else?” she asked pertly.
 “No thanks” said Denny “we all are fine”.
 Although Denny was hungry, his burger was so large he didn’t know if he would finish it or if it 
would finish him.  Greg didn’t have that problem.  He was, after all, a nineteen-year-old with two hollow 
legs and devoured his meal in half a heartbeat.  Denny groaned in disbelief when Greg ordered a piece of 
homemade pie for dessert.
 “Can I get you another piece of pie?” asked Cindy sweetly.  She had returned quickly when Denny 
motioned for a coffee refill.  He deftly moved his cup under the flowing liquid, directing the majority into 
the cup and not the saucer.  (Cindy’s attention was directed elsewhere at the moment.)
 “Well……” Greg looked pleadingly at Denny.  

“Go for it” said Denny.
“OK maybe one more piece, blueberry this time.”
 “Good choice” smiled Cindy.  “That’s my favorite.”
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 Denny continued to watch the interplay between the two youngsters with great amusement.  He 
wondered if he and Pamela had been that way many years ago, and if so, if their parents had been similarly 
entertained.  When Cindy was out of earshot Greg leaned forward and said in a hushed voice “You know 
boss, I think she likes me.”
 “Gee ya think so?” Denny replied in mock surprise.
 “Yeah, I do.  I really do.”
 ‘Well, at least he catches-on fast when it comes to survey work’ Denny thought.

Bearings

 “OK Niño, (he didn’t call Greg ‘Niño’ when Cindy was around) now that we’ve computed the 
north azimuth of the Sun, I’ve got to teach you to find the bearing of the line.”
 “Naw, I already figured that part out” Greg assured him.
“Really?” asked Denny.
“Sure” said Greg “it’s pretty straightforward.  We know the horizontal angle we turned to go from the line 
to that azimuth.  So we just subtract that angle from the azimuth to get the azimuth of the line, adding 360 
if we have to of course, in order to keep it within the range 0-360°.  Oh, I almost forgot, we also have to 
add or subtract the Sun’s semi-diameter because we shot one of the Sun’s limbs and not its center.”
 “You’re close” said Denny.  Your only mistake was when you talked about the SD correction.”
 “What?” Greg sounded baffled.
 “There’s another very subtle correction that one has to apply when turning a horizontal angle to a 
limb of the Sun.  It has to do with the Sun’s semi-diameter.  I’ll try to illustrate it for you”.  Denny drew 
the sketch in Figure 6.

Figure 6: Semi-diameter correction to the horizontal angle

  “You know that meridians converge right?” he began.  “Well, the same is true for local vertical 
circles.  You see, all measurements that one makes with a transit or theodolite are made in the alt-azimuth 
coordinate system; where the “pole” passes through the observer’s zenith, and the “equator” is known as 
the horizon.  It’s just like the Earth’s pole/equator system except that the reference axis passes through 
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 the observer’s location.  Vertical angles are measured along “meridians” known as vertical circles 
in this coordinate system.  In the figure I’ve drawn two vertical circles that we’ll assume are sixteen arc 
minutes (one solar semi-diameter) apart.  I’ve drawn two images of the Sun centered on one of them.  
When the Sun is on the horizon, i.e. when its altitude is zero, its limb just touches the other vertical circle.  
However, the limb of the elevated Sun (the one that is above the horizon) extends beyond the other vertical 
circle as a result of convergence.  If I now add another vertical circle (the dotted line in Figure 6) tangent 
to the elevated Sun, we can see that when it is extended down to the horizon plane, the offset from the 
circle passing through the Sun’s center is greater than 16’.  It turns out that the semi-diameter correction 
that one must apply is SD/cos(A) where ‘A’ is the Sun’s altitude.  Derivations of this can be found in some 
surveying texts.”
 “An example is worth a thousand verbal explanations” continued Denny “so let’s finish determin-
ing the bearing of side AB of our traverse.  Using this morning’s first measurement, we’ve determined the 
Sun’s AZ to be 136° 29.0’.  From our backsight on point ‘B’ we turned angle right to the Sun’s eastern 
limb of 164° 22.8’ .  The Sun’s SD is 16.1’ and the altitude of the Sun’s center 33° 10’.”
 “Therefore, the corrected horizontal angle, which is the angle in the horizon plane that we would 
have measured if we had shot the Sun’s center, is: 
 

The bearing of side AB is therefore:

164° 42.0’ - 136° 29.0’ = N 28° 13.0’ W”

  Greg thought about the analysis Denny had just outlined.  Denny read his mind: “I know that 
you’ve been exposed to a lot of material today” he said “but I also know that you’ve understood each 
portion as it was presented; how to use the long term almanac, correcting measured altitudes, computing 
azimuth by the altitude method, finding Δ and azimuth by the HA method, and finally, making appropriate 
semi-diameter corrections and calculating bearings.  I’m going to give you all of my explanatory notes 
that contain our worked examples to guide you as you work-up all of our data.”
 “You trust me to work-up the bearings?” Greg asked “even the star data?”
 “Yep” said Denny “I’ll work-up the results as well so that we can check one another.  That’s how 
we used to do it in the old days.  Crusty, Boniface, and I would compete to see who could do them the 
fastest.  The loser, or anyone who messed-up, had to buy the beer that evening.  At first I had to buy those 
two a lot of drinks, but with a lot of practice it got to where they were buying them for me more often 
than not.  In retrospect I think that was my right of passage.  Once I could do the field calculations I was 
a lot more useful to have around and they started treating me more as an equal.”
 “So I’m going to have to race you with these computations in order to be accepted?” grinned 
Greg.
 “Naw, I just want to make sure that you can do them right” said Denny.  “Our competitions were 
all in fun.  Getting things right was all that really mattered.  Tell you what though, I’ll race you any time 
and any place, but if you want to do things like we did ‘em in the old days we have to use log tables.
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 “Log tables!  You mean you guys didn’t have calculators?” Greg asked in amazement. 
 “That’s right Niño, to get 6 significant figures we needed to use 6-place log tables.  I don’t mean 
to brag but I got to be pretty good at using them.”
 “Man you’re older than I thought” said Greg.
 Denny quickly changed the subject.  “It’s about 6:00, it won’t be dark enough for our purposes for 
another one or two hours” he said.  “I’m going to hit the rest room.  Why don’t you flag-down Miss Cindy 
(who was hovering nearby) and ask her if it’s OK if we sit at the table and work for another hour.  I don’t 
think she’ll mind.”  He smiled but then added quickly, “they don’t look to be very busy.”  “Oh, if you can, 
get me another coffee refill.  When I get back we’ll discuss how to take star data from the almanac.”

The Star Tables

 “She said it’s OK if we stay for awhile” Greg announced when Denny returned.  “And I got you 
more coffee.  I was also looking at the almanac and I’m a little confused.  What is ‘Aries’ and why is it 
so important?”
 “Good question” said Denny.  He seated himself, added a few teaspoons of sugar to his coffee, 
and advanced his writing pad to a clean page.  Greg waited patiently while Denny thought for a moment 
before proceeding.
 “Personally, I prefer to make star sightings over solar shots” he began “even though I usually get 
better precision with the latter.  The reason I prefer them is because it’s really hard to screw-up with stars.  
One takes data the same way: You take a backsight, point to the star, and then record the horizontal and 
vertical angles and the time.  However, we don’t have to worry about projecting the star’s image onto a 
target and we don’t have to correct for semi-diameter.  The only correction that’s required is the one for 
atmospheric refraction, and that’s done the same way as we did for the Sun.”
 “What I really like about shooting stars is that the targets are so numerous and can vary widely in 
azimuth.  For some you’ll turn angle to the right, some will be angle left, but even though they may be 
located in widely different directions, all must yield the same bearing for the reference line when the cal-
culations are complete.  If one gets good convergence among measurements, the chances that the bearing 
is wrong are basically nil.”
 “Now, as far as the almanac is concerned, it is faster and easier to extract star data than it is to get 
solar data.  We only need to use the very last page of the almanac, and no interpolations are necessary, 
but in order to make things a little bit more understandable, I want to talk a little bit about stellar coordi-
nates.”

 “Think of the celestial sphere as being of infinite radius.  There is a coordinate system associated 
with the sphere very similar to the latitude/longitude system on Earth.  The system is set-up by infinitely 
extending the Earth’s polar axis and equatorial plane until they hit this imaginary sphere.  The coordinates 
of a star are its declination (δ) and sidereal hour angle (SHA).  Declination is its angular distance above 
or below the equator (= ‘celestial latitude’) and SHA is its ‘celestial longitude’, the angle, measured west-
ward, from a reference meridian to the star’s meridian.  The celestial reference meridian passes through 
the first point of Aries.  By definition, this is one of the two points where the line of intersection of the 
equatorial and ecliptic planes intersects the celestial sphere.  The Sun is at the first point of Aries on the 
vernal equinox.  It’s important to remember that SHAs lie in the range 0-360°, unlike longitude on Earth 
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which can be east or west and stays between 0 and 180°.  If you were to view the heavens by looking down 
from the north celestial pole, SHA would be measured clockwise from the Aries meridian, symbolized 
, to the star’s meridian (Figure 7).”

Figure 7: View of Earth and celestial sphere looking downward from the north celestial pole

 

“So, celestial coordinates are just like terrestrial latitude and longitude and the stellar coordinate system 
even shares the same reference axis and reference plane.  The difference is that the celestial sphere ro-
tates with respect to the Earth.  This is actually a result of the Earth’s rotation but, from our perspective, 
celestial objects appear to rotate about the pole from east to west.  This means that  moves through 
one revolution per sidereal day vs. the Greenwich meridian.  Therefore, if we can determine the angle 
between the Greenwich meridian and  at the instant of our sighting, and if we know the (nearly) fixed 
angle between  and a star’s celestial meridian (i.e. the star’s SHA), we can then find the GHA of the 
star.  As in the case of the Sun, what we ultimately need for our computations are the GHA and δ of our 
star, and the almanac will provide these as long as we know the Greenwich time.”
 “One of the stars that we’ll shoot tonight is Hamal, the brightest star in the constellation Aries, just 
east of the great square of Pegasus.  Let’s determine its GHA and δ for some arbitrary time; say 8:30:15 
PM MDT on October 18th 2008.  First we convert to GMT by adding six hours.  That makes it 2:30:15 
GMT on October 19th.  Following the worked example in the long term almanac, we then proceed to find 
GHA .  We subtract 1956 from 2008 to get 13 with a remainder of zero.  Using the remainder (0) we 
go to the ‘Aries’ Table and pull out 8° 42.9' for the month of October.  Then we go to the ‘Multiplication 
Table’ with our whole number (13), day of the month (19), and hours (2) minutes (30) and seconds (15) 
of GMT and pull out corresponding values from columns D, E, F, G, and C.  We add these to 8° 42.9' and 
the result is the GHA of :

8° 42.9' + 23.9' +18° 43.7' +30° 4.9' +7° 31.2' +3.8' = 65° 30.4' 
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 “Once we have the GHA of  we need the SHA of Hamal.  We go to the ‘Stars’ Table and pull 
out its SHA for the year 1956 (328° 49.7’) and multiply the annual SHA correction by the number of years 
since 1956:
 (2008.9-1956)(-0.85’) = -45.0’
The SHA for Hamal is thus: 328° 49.7’ – 45.0’ = 328° 4.7’

To find the GHA for a star at the instant of measurement we use the relationship:

GHA  = GHA  + SHA 

Therefore, the GHA of Hamal is: 65° 30.4’ + 328° 4.7’ = 393° 35.1’.  Because this result is > 360° we 
subtract 360° to put it into the proper range.  The GHA is thus 33° 35.1’.
 The declination of the star is also found from the ‘Stars’ Table.  In this case all that’s required is 
to apply the annual correction:

Decl. Hamal = North 23° 15.3’ + (2008.9-1956)(0.28’) = N 23° 30.1’ .

Greg tried hard to study the almanac Tables and the notes that Denny provided, but every time 
Cindy walked by, and that appeared to be as often as possible, he felt obliged to look-up at her and smile.  
Denny was enjoying his coffee and watching the interplay between the two youngsters, but he also noticed 
that two couples had arrived for dinner, and decided that, to keep from wearing-out their welcome, they 
should leave.

Cindy got a large tip from Denny and a long look from Greg as the two surveyors arose and made 
their way out to the parking lot.  On the drive back to the Otero ranch Greg’s thoughts slowly shifted from 
his favorite waitress and back to his bearing studies.  “Boss, there’s something missing from this almanac” 
he announced in a puzzled tone.  “I don’t see Polaris in the star list.  Por que no?  Isn’t Polaris the most 
important star for both surveying and navigation?”

“I don’t know exactly why it was left out, but you are right on all counts” Denny replied.  “There’s 
arguably no better way to get bearing than to observe Polaris at elongation, nor is there a better way to get 
latitude, if you are a navigator, than to sight Polaris at culmination.  I believe that it was left out because 
of precession and nutation.  You see, the annual corrections for SHA and δ listed in the ‘Stars’ Table are 
not due to the motions of the stars themselves; they result primarily from the motion of the coordinate 
system.  The Earth’s pole is precessing, or wobbling, in space; like a spinning top does if a tangential 
force acts upon it.  One wobble takes a long time, about 26,000 years, but the effect is not insignificant.  
Because of precession the first point of Aries moves westward by just under one arc minute per year, and 
as it does the coordinates of the stars change.  (Nutation is a secondary wobbling of the Earth’s axis caused 
primarily by the Moon’s influence.)  Polaris is so close to the pole that annual changes in its coordinates, 
particularly in SHA, are very large and, I suspect, non-linear.  I’m almost certain that’s why it’s not listed 
in the Table.

Twilight was definitely over when they arrived at the ranch.  Denny had to rummage around in 
the truck bed for his Coleman lantern; a tough job while holding his small penlight in his teeth.  Once the
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lantern was lit it bathed the ‘D’ corner with a bright white light enabling Greg to set-up the transit 

among eerie shadows cast by their movements.  When all was ready, Denny shut-off the lantern plung-
ing the area again into pitch darkness.  He refrained from turning on his penlight so that their eyes could 
adapt to the dark.

Over the next ten minutes a magnificent scene gradually unfolded overhead.  The Milky Way arched 
low in the sky to the southwest, Polaris appeared at its usual height above the horizon helping to better 
orient one’s sense of azimuth, and the great square of Pegasus dominated the view to the east.  Both men 
stood in silence, each lost in thought, pondering what lay before them.  “Hundreds of trillions of miles” 
Denny muttered quietly “that’s the distance scale we’re looking at.  Light from those stars takes tens to 
hundreds of years to reach us.  Let me show you one thing before we start.”  He elevated the transit’s 
telescope, pointing it to a small fuzzy object just east of Pegasus.  “That’s the Andromeda galaxy” he said.  
“An agglomeration of almost a trillion stars.  It’s the most distant object that can be seen with the naked 
eye, about two million light years away.”

Greg stared at it for nearly a minute alternating his view between that through the scope and with 
his unaided eye.  “It looks like a puff of smoke, almost insignificant.”  (He wasn’t really talking to Denny, 
just sort of thinking out loud.)  “But as it sits there unmoving, and the distance starts to sink-in, it goes 
from insignificant to, I don’t know….unimaginable.”

“We’d best get started” Denny noted.  He sent Greg to the pin they’d set that afternoon to put him 
on the ‘CD’ line.  Greg had to hold Denny’s old lighter over the point because Denny needed the flashlight 
to illuminate the cross hairs of the scope.  Denny then pointed to a bright star low in the southeastern sky.  
“That’s Fomalhaut” he said “been shooting him for forty-five years.  Let’s do him first.”  He turned angle 
left, focused the scope, and located the star.  “OK Niño, time for another lesson in surveying technique.  
Shooting stars requires a great deal of coordination.  Some theodolites come equipped with an internal 
lighting system to illuminate the cross hairs while viewing stars.  Of course, back in the good old days 
we didn’t have any such thing.  What I’m going to do with this Gurley is to hold the flashlight like so…” 
Denny held the penlight in his cupped left hand just to one side of the objective lens of the transit “and 
allow just enough light into the scope to illuminate the cross hairs, but not so much that I can’t see the 
star.  At the same time I do that I have to work the vertical tangent screw so that I bulls-eye the star as it 
moves across the field of view.”

Greg watched as Denny concentrated on his task.  “Darn, missed it” he scowled “I’m obviously 
out of practice”.  He turned the horizontal tangent to advance the vertical cross hair to the west of the star 
and began again.  “Bingo!” Denny exclaimed fifteen seconds later, and he immediately shined the light 
onto his wristwatch.  “8:15:55 PM” he said.  He had Greg record the vernier readings and the time in the 
field book and then turned the instrument over to him for the remaining observations.

“Oh man” Greg said when he tried to make his first sighting “this is much harder than it looks”.  
It took him a good five minutes before he was satisfied with a result.  The night air was cool but Greg 
was working up a bit of a sweat.  It was much more difficult operating the transit in the dark and more 
than once he inadvertently turned the lower tangent screw instead of the upper, requiring him to start over 
again with a new backsight.  However, Denny was impressed with the young man’s concentration and 
perseverance, and they progressed slowly but steadily with the work.  After Fomalhaut came Hamal, and 
then Mirfak to the northeast.  Finally, Denny pointed Greg back to the southeast where Diphda had just 
risen above the trees.
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 After the Diphda sightings Denny declared the work done.  “Four stars are enough” he said.  “We 
got good spread in azimuth, two of the stars were viewed angle right, two were angle left, and you double-
centered every one.  We should have an excellent data set with which to work”.  Greg heaved a sigh of 
relief.  He was tired.  The star sights had been difficult but he too felt satisfied with the measurements.  
“That took three times as long as it would have during the daytime” he noted.
 They packed-up the gear and climbed into the truck.  Despite his fatigue Greg attempted to make 
copies of the field notes to take home with him, but the bumpy ride thwarted his efforts.

The next thing Greg knew, Denny was shaking him awake.  “Hey Nino, you OK to drive 
home?”
 “Yeah, yeah sure” Greg responded as he struggled to realize where he was.  “I must have dozed-
off”.
 “Dozed-off?” Denny laughed “you were sound asleep.”  They were at the post office in San Benito.  
Greg rubbed the sleep from his eyes.  He fished his keys out of his pocket, collected his backpack and 
headed off towards his truck.  All of a sudden he stopped.  Returning to Denny’s vehicle he said “Mr. 
Carswell” (the salutation Greg always used to convey real sincerity) “I just want to thank you for the 
instruction you gave me today.”  After a pause he added “Well, good luck with the GPS.  I hope the fix 
doesn’t run into big bucks.”
 “Wait a minute” said Denny.  He took the field book out of his vest and handed it, together with 
his astronomical notes, to Greg.
 “I’ll have ‘em back by Monday” Greg offered.  “I know you’re in a hurry to get the Otero job 
done.”
 “I appreciate that” said Denny.
 “Oh, and boss I was wondering” he fidgeted with his coat and stomped his feet in the growing cold.  
“You’ve seen a lot of changes in the tools of the trade in the last, I don’t know, eighty or ninety years that 
you’ve been a surveyor.  This might not be the time and place to ask, it being close to eleven PM and 
freezing outside, but I was wondering what you think of it all?  The changes I mean.”
 Denny pondered the question, cautiously formulating his response “Well, field work is a heck of a 
lot easier and faster now, but in my opinion it isn’t nearly as much fun.  The equipment upgrades in just 
the last twenty years have been mind boggling.  Robotic total stations, sub-centimeter positioning by car-
rier phase GPS, data loggers with picture referencing, software that does all of the computations and then 
plots the results: What’s difficult in today’s world is keeping-up with the technology.  They keep launching 
more satellites, improving receivers……heck, I envision that in just a few years we’ll do everything by 
GPS, even lay-out work.  The total station may soon go the way of the compass and chain.”  He paused 
for a moment and then added “But never forget Greg, that the old instruments and methods still work.  
Given enough time, and with enough skill, competent surveyors can use them to get the job done without 
sacrificing precision or accuracy.”

Greg nodded thoughtfully, “Well, Thanks again boss, see you Monday”.  He turned and hurried 
off to his truck.

Denny sat for a few minutes, watching Greg drive away.  ‘First chance I get I’ll show him how to 
adjust and align the Gurley’ he thought.  He put the truck into gear and drove home.
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Postscript

This story is fictitious.  Only the initials of the protagonists and the name of Denny’s wife (my bet-
ter half) have any ties to reality.  It was originally intended to be an introduction to the included almanac, 
a suggestion made by Doug Critchfield; the finest surveyor I know.  However, in an attempt to create a 
plausible scenario in which the almanac might be put to legitimate use, it grew from a short technical note 
into a lengthy narrative; an idyllic and somewhat nostalgic tale of a day in the life of two surveyors. 

The data are real.  All were acquired on October 18, 2008 using, of course, a 1’ transit.  In addi-
tion to using the Long Term Almanac, GHA and declination values were extracted from the US Naval 
Observatory on-line almanac.  This can be accessed at: http://aa.usno.navy.mil/data/ (go to sub-link ‘celestial 
navigation data’).  It gives data for prominent celestial objects lying above the observer’s horizon to ± 
0.1’.  The data in the Results Table indicate how well bearings computed with the help of the Long Term 
Almanac compare with results derived using almanac data of no appreciable error.  The precisions are 
1σ values, computed after ‘pairing’ measurements with the transit scope direct and inverted.  Thus, the 
precisions are largely reflective of the quality of the almanac data, the inherent precision of the horizontal 
circle of the instrument, and the skill of the operator.  (Although the latter is suspect it was, if nothing else, 
consistent.)  It is readily apparent that this almanac is perfectly adequate for use in the determination of an 
astronomical basis of bearing for most boundary work.  In routine use it should yield bearings to within ± 
1’.  Note also that, with the use of this almanac, a low precision (1.0’) instrument, and with times recorded 
only to the nearest full second, there is no significant advantage to use of the hour angle method vs. the 
computationally simpler altitude method.  (This assumes that measurement times are judiciously chosen 
to minimize error.)  An excellent analysis of the two methods, authored by Jerry Wahl and entitled “The 
revenge of the Altitude Solar’, may be found at: http://www.cadastral.com/papersl1.htm.  Δ

A .pdf version of the Long Term Almanac referred to in this article may be found at:
http://www.amerisurv.com/content/view/6116/153/ or http://www.amerisurv.com/PDF/Long-
TermAlmanac.pdf.  It will be published in the next edition of Benchmarks - Editor.
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What can we do for you?

Glen Thurow, NSPS
October 16, 2009

As the newly appointed governor representing New Mexico to the National Society of Professional Survey-
ors, I ask this question in all sincerity. A related question would be what value does membership in NSPS 
have to me as a surveyor? And finally, does NSPS really make a difference on the national front?  These 
are good questions. Hopefully, this article will provide some good answers. 

As most are aware, NSPS is a member organization of American Congress of Surveying and Mapping. 
ASCM is currently comprised of four member organizations. Other current members are The American 
Association for Geodetic Surveying (AAGS), The Cartography and Geographic Information Society (CA-
GIS), and The Geographic and Land Information Society (GLIS). Of the member organizations, NSPS is 
by far the largest and arguably the most influential. Each state has a governor representative either elected 
from members within their state or appointed by the state society president. There is also a regional direc-
tor elected by NSPS members within that region. New Mexico is in region eight along with Arizona and 
Texas. Our current Area Eight director is Henry Kuehlem from San Antonio, Texas. 

NSPS strives to accomplish on a national level what NMPS strives to accomplish on a state and local level. 
This is evident from the NSPS mission statement:

Mission: NSPS strives to establish and further common interests, objectives, and political effort that would 
help bind the surveying profession into a unified body in the United States.

The mission of NSPS is accomplished by pursuing the following objectives:
Objectives: NSPS aims to:

Advance the sciences and disciplines within the profession; •	

Enhance the image of the surveying profession in the eyes of the public; build self-esteem and •	
professionalism; 

Encourage cooperation between the public and private practices; •	

Establish channels of communication with other ACSM Member Organizations and other societ-•	
ies and assist in the exchange of information on laws, education, professional practice, and other 
concerns; promote the profession through an active public relations program; 

Advance the protection of public welfare relative to surveying and mapping issues. •	

Encourage high standards of ethical and professional behavior; •	

Promote public faith and confidence in the profession; •	

Support new practical methods of surveying; promoting good business practice; •	

Monitor national and state laws and regulations;  •	
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Encourage improved higher education curricula for surveyors; •	

Honor persons for service to the public, the surveying profession, and the NSPS Foundation Inc.; •	

Support the bylaws, goals, and objectives of the American Congress on Surveying and Mapping. •	

Other areas of activity within NSPS include a strong youth outreach program; professional periodicals 
such as the bi-monthly Bulletin and the quarterly Surveying and Land Information Science magazines; the 
National Trig Star program; the Certified Surveying Technician (CST) exam program; and membership in 
the Council on Federal Procurement of Architectural and Engineering Services (COFPAES), the watchdog 
of the Brooks Act. Of equal importance is NSPS’ participation on the ACSM Joint Government Affairs 
Committee (JGAC), the national advocate of surveying. JGAC keeps everyone informed through its’ 
newsletter.  ACSM’s Government Affairs consultant Laurence Socci monitors and reports on Federal 
government activities of interest and concern to ACSM/NSPS members. The consultant also works closely 
with the members of the ACSM Government Affairs Committee and Executive Director to represent the 
members’ interests before Congress and the Executive Branch. Please see the links nearby for further 
information on any of these topics. 

All of these things are of value to the surveying community, but here is a very important component. NSPS 
is there to serve you, the practicing professional surveyor. So I’ll ask the question again. What can NSPS 
do for you? As your representative to NSPS, I’d like to know. Send an email to glen@landlinks.net.  Δ

Government affairs newsletter updates via email: 
http://www.acsm.net/govtaffairs.html 

You can have the Government affairs newsletter updates delivered directly to your inbox by contacting 
Trish Milburn. Just send a request to trisha.milburn@acsm.net

ACSM Member Organizations Discount Program Benefits 
Reduced rates for group health, life and professional liability insurance. 
http://www.acsm.net/membersdisc.html 

ACSM Spring Conference continuing education programs and workshops:  
http://www.acsm.net/conference.html 

Discounts on ACSM conventions: 
http://www.acsm.net/conference.html 

Fellowship and scholarship funding: 
http://www.acsm.net/scholar.html 

Discounts on purchases of books from our catalog or on-line at the ACSM eStore: 
http://www.acsm.net/estore/ 

Subscriptions to ACSM Bulletin and the SaLIS Journals: 
http://www.acsm.net/publications.html 

Free publishing opportunities in the journals for career advancement: 
http://www.acsm.net/publications.html
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Crux Geometricus Obscurus In Libri

Douglas Critchfield, LS

The other day my wife Judy and I decided to rearrange our living room furniture. Most frequently it is the 
husband, it seems, who complains about the wife wanting to move furniture but in this case I will have to 
admit that the project was my own idea.

Our furniture moving exercise involved moving a couple of bookcases and moving all of the books made 
me realize that we had over the years accumulated many more than we needed. Going through the lot trying 
to decide which ones to toss I came across an old Latin textbook which I decided was a keeper. The book 
is based on the poems of Virgil and it contains the first six books of Virgil’s Aeneid.

To be perfectly honest I must confess that I am not into reading Latin poetry. I decided to keep the book as 
a curiosity and also because it has a comprehensive Latin-English dictionary in the appendix which, who 
knows, might come in handy someday for solving a crossword puzzle.

Does anyone teach Latin in the public schools anymore these days? I don’t remember that subject being 
offered back in the 1960’s during the years I was enrolled in a public high school. I suppose that Latin is 
less emphasized today because students find the subject too boring, not to mention its being displaced by 
a surfeit of modern subject matter.

Relics like that dusty Latin school book tend to get me thinking about how much things have changed 
over time, and how much we as surveyors have changed along the way. In the agrarian horse and buggy 
days, back when the recitation of Latin poetry was still a regular part of the public school curriculum, we 
surveyed with a transit and chain. Then in the age of automobiles as Americans abandoned their farms and 
flocked to the cities surveyors stepped up the pace by adopting the Tellurometer and EDM. Today in this 
digital information age of ours, as American city dwellers flee the confines of the metropolis to reclaim 
those old abandoned farms, we utilize 3D laser scanning and differential GPS. As yet another sign of the 
times the words I am now typing will magically fly to the editor through outer space via an internet satellite 
link from a dish outside my house which incidentally
just happens to be located on an old abandoned farm.

The point of my writing about the book however is not 
to reminisce over the bygone days of chaining pins and 
Curta calculators. My point, the connection that the old 
Latin textbook shares with surveying, has to do with a 
geometrical puzzle. Getting there might seem more like 
running a short traverse with transit and chain than it 
will resemble zapping a point with GPS, but bear with 
me and I will get there directly. Meanwhile I will take 
a sideshot here, by way of a brief digression, to com-
ment on the topic which NMPS Pres. Earl Burkholder 
recently raised in the President’s Angle column when 
he posed the rhetorical question of the difference be-
tween learning versus learning how to learn.
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It seems to me that the obsolete practice of teaching Latin as a required subject in the public schools is 
a good example of how our educational system, and our society, have become so overwhelmed with in-
formation and so obsessed with factual knowledge that we have in modern times drifted away from the 
essentials of learning how to learn. 

Latin as a subject in the school curriculum once served as an exercise in rote memorization. In that respect 
it provided a means by which the student could polish and sharpen his or her learning skills, but those les-
sons in rote memorization also yielded a broader field of educational opportunity. Within the epic poems 
lie the stories of history and mythology and within the structure of the Latin language lie the buried roots 
of several modern languages, including English, all of which provided the student with a much deeper 
reservoir from which to acquire knowledge and understanding.

Tapping into the buried essence of the ancient language required more than learning Latin through rote 
memorization. It required learning how to learn. Today, if the reintroduction of Latin into the curriculum is 
no longer feasible, we should at least strive to educate our students, and ourselves, in ways which similarly 
emphasize the importance of learning how to learn. In my opinion that process, learning how to learn, is 
not so much about finding the right answers, but rather about asking the right questions.

Students of surveying, both young and old, will at times need to learn new software but more importantly 
we must be able to question the algorithms upon which the computer program is based. We will acquire 
data but we must question the source. We will collect boundary evidence but we must weigh its relevance. 
We will acquire new measurement technologies but we must constantly analyze and question the possible 
sources of error.

We acquire and apply those systematic controls and corrections in our work by learning how to learn, dig-
ging up the more obscure and abstruse bits of knowledge and information by asking the right questions. 
Hopefully the skills and abilities we employ in doing so will never go out of style and become obsolete, 
to end up collecting dust on a shelf like some old Latin school book. 

Putting aside that digression for the moment and getting back to the Latin school book, which is once again 
collecting dust on my bookshelf, the main reason I decided to keep that old book was in fact sentimental 
because it came from my late father’s library. It is one of the textbooks he once used as a young student in 
the 1920’s. The decision to keep it was clinched by the fact that in addition the book has some interesting 
intrinsic qualities of its own.

The book’s cover is embossed with the type of leafy embellishments that were popular around the late 19th 
and early 20th Centuries; the spine is upholstered in genuine tooled leather; the text is illustrated with more 
than one hundred finely executed woodcut engravings; and inside the front cover is a short poem inscribed 
in pencil. That same poem has probably been memorized by 
more Latin students than ever mastered a single line of Virgil:

 Latin is a dead language
 As dead as dead can be
 It killed the ancient Romans
 And now it’s killing me.
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That short poetic inscription penciled by a former pupil is a succinct testimony to the boredom suffered by 
countless Latin students in years past. I hope that a good number of those students, as time went by, grew 
up to look back and remember those long boring hours of Latin lessons in a different light, and instead 
viewed the experience as an effectual stepping-stone to the means of learning how to learn.

One other item of interest I found in connection with the book, getting to the point, was the time-worn 
faded note which fell out as I leafed through the pages while the wife and I were moving our bookcases. 
The folded note, penciled on newsprint in my father’s hand and ancient enough to be nearly falling apart 
at the creases, suggests that he too may have found the subject of Virgil’s poetry to be just a little bit bor-
ing. While his schoolmaster lectured on the finer points of Latin grammar it seems his thoughts must have 
wandered off on the subject of mathematics (which would one day lead him to his chosen career in phys-
ics.) The note describes a cleverly contrived surveyor’s geometrical puzzle:

 “There is a circular field having two roads crossing at right angles. One road is 18 rods long and 
the other 20 rods long. The point of intersection is the square root of 61 from the center of the field. What 
is the area of the field?”

 

How did the geometrical problem with its solution end up in the old Latin school book? I guess we will 
never know for sure. I can only imagine that my father may have worked out the trigonometric solution 
surreptitiously in his high school Latin class and then left it between the pages of Virgil’s poems as a bygone 
and unremembered bookmark.  Δ

The solution will be published in 
the next issue of Benchmarks.



Benchmarks22
News and Review

This publication is not copyrighted and articles may be reprinted with due credit.  Statements 
made and opinions expressed are from the contributors and do not necessarily express the 
official views of the NMPS.

NMPS 2010 Conference
A message from the 2010 NMPS President
Gary Eidson, PS

The New Mexico Professional Surveyors’ Annual Conference will be held March 12 & 13, 2010, at the 
Albuquerque Marriott Pyramid North Hotel – same place as last year. 

A tentative list of Speakers and their topics include:

Walt Robillard, RLS, Esq. "Boundaries and Landmarks" and "Justice Cooley of Michigan meets Justice 
Lumpkin of Georgia"
Bernard Telatovich, PE, Esq. "Forensic Surveying"
Earl Burkholder, PS, PE "Height Modernization and its eventual impact on surveying in New Mexico"
Dr. Steve Frank, PS "Ethics for Surveyors". 
Representatives from the BLM, "Riparian Issues" and "Various Boundary Issues". 
Industry Experts will present sessions on "Machine Control" and  "Real Time Networks"

A block of rooms has been reserved at the Marriott for NMPS members. Make your lodging reserva-
tions directly with the Marriott hotel. The room rates are $119 for a single and $129 for a double. 

Study: Economic Value of NOAA’s Geodetic Services at $2.4 Billion
Proposed Modernization Program to Net Additional $522 Million
June 15, 2009   Credit: NOAA

The NOAA-managed National Spatial Reference System (NSRS), the official U.S. government source 
for precise latitude,longitude and elevation measurements, provides more than $2.4 billion in potential 
annual benefits to the U.S. economy, according to a new independent study. Refining and modern-
izing the system for measuring elevation has the potential to net an additional $522 million in annual 
economic benefits. 

Conducted by Leveson Consulting, Jackson, N.J., the study analyzed the total economic value of all 
revenue generated from private surveying and mapping as well as from related services in the govern-
ment and nonprofit sectors. It also assessed the potential cost savings due to improved accuracy of 
position and elevation data.

“For more than 200 years, surveyors, mapping professionals, engineers and many others have used 
the NSRS as the foundation for establishing property boundaries, constructing buildings, roads, bridg-
es and levees, creating accurate maps and charts, and much more,” said John H. Dunnigan, NOAA’s 
assistant administrator for the National Ocean Service. “The nation is literally built on this framework.” 
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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.

Thank you for  
  your support!

Alan Benham  
7500 Jefferson St NE Courtyard I
Albuquerque, NM 87109

Isaac Camacho 
637 Sheryl Way 
Las Cruces, NM 88001

Scott Croshaw 
4900 Lang Ave. NE 
Albuquerque, NM 87109

Raymond L. Dennis  
7209 Corte Ocaso NE 
Albuquerque, NM 87113

Marc A. DePauli  
102 W. Hill Avenue 
Gallup, NM 87301

Kery Greiner 
1203 Medpark Dr. 
Las Cruces, NM 88005

Ira Hardin 
1715 Shalem Colony Trail 
Las Cruces, NM 88007

Jeffery Ludwig  
PO Box 8348 
Santa Fe, NM 87504

Christopher A. Medina  
PO Box 2532 
Corrales, NM 87048

Gary Robertson  
418 Sunnyview Ave. 
Carlsbad, NM 88220

Fred Sanchez  
2220 Don Andres Rd. SW 
Albuquerque, NM 87105

Keith Stickford  
PO Box 66 
La Jara, NM 87027

Steve Toler  
131 Madison St. NE 
Albuquerque, NM 87108

Klad Zimmerle  
1101 N. Florida Ave. 
Alamogordo, NM 88310

Sustaining Members   



New Mexico Professional Surveyors
412 N. Dal Paso

Hobbs, NM 88240
Address Service Requested

  Benchmarks - November 2009


