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Until recently, my preferred method of finding true north was the traditional plumb line shadow method, whereby the shadow of a plumb line was measured at solar noon, or when at a time when the sun is directly east or west.  In practice, this method is fraught with difficulties as follows:

1.  It is very difficult to keep a plumb string vertical and motionless outdoors, even in the faintest of breezes.  Immersing the plumb in a pot of water helps only so much.  In the summer, when the sun’s solar noon altitude is around, say, 75 degrees, if a 6 foot plumb line was blown off by just ¼”, it would introduce a meridian error of 3/4°, which would allow an error of up to 2 ½ minutes of time for a sundial or sun sculpture at that site.
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2.  It is hard to accurately read to the center of the string’s shadow.  The following photos were taken at a distance of 33” from the plumb bob when the sun was at an altitude of about 60 degrees.  I used Photoshop to enhance the contrast for this article—in real life these shadows are more subtle.  Figure 1 shows the shadow of a 1/8” thick string is about ½” wide with indistinct borders.  A shadow sharpener (Figure 2) can help determine the center of this indistinct line (Figure 3)
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By the way, it is much easier to measure an east/west meridian than a north south meridian using the plumb-bob method, because the sun is lower in the sky.  This means the shadow will appear sharper over a longer distance, and the string does not have to be so long.  I learned about this from Roger Bailey.   The times that the sun is at these cardinal directions can be calculated using a free program at www.precisionsundials.com/cardinaldirections.exe.
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My current method of choice for laying out a meridian line is to use a surveyor’s theodolite.  A theodolite is like a builder’s transit-level on steroids.  Transit-levels generally measure to within 5 minutes of a degree, which is 1/6th of the sun’s diameter of 32 minutes of a degree. Theodolites are far more accurate.  I purchased a used Pentax TH20D for about $350 on EBay.  It is accurate to about 20” (that’s seconds of a degree), uses greatly magnified optical scales, and has 30X magnification telescope with an erect image.  In buying used equipment, be aware that many older theodolites have an inverted image, which may be difficult to work with.  This  was an entry-level model; most theodolites have an angular accuracy even better than this.  Modern theodolites have an electronic readout, but I have not had the opportunity to handle one.  To find true north, I set the azimuth to zero, and then adjust the theodolite to project an image of the sun and crosshairs onto a white card.  This is not how the instrument was designed to be used, but you can do this with most telescopes and binoculars.  The instrument has separate controls to bring both the crosshairs and the sun’s image into focus (Figure 5).  NEVER look at the sun through the instrument; to do so risks instant and permanent blindness.
I note the exact time of my observation, and then calculate the azimuth of the sun at the moment of observation, using The Dialist’s Companion software, or the free sun position spreadsheet at www.precisionsundials.com/sunpositioncalculator.xls.   Or I can use a table of azimuths from Luke Colleti’s calculator www.gcstudio.com/suncalc.html, and make the observation at a time on the table.  I then rotate the theodolite by this azimuthal angle, which aligns the instrument along an exact north/south meridian.  Using the telescope, I can then accurately mark a reference point 5 to 100 feet away.  Most theodolites have “optical plummets,” which magnify the ground directly under your tripod, so you can determine the exact origin of your observation.  Using this method I believe I can reliably achieve a meridian accuracy equal to or better than 2 minutes of a degree.  This method is unaffected by wind, unaffected by refraction (because it measures azimuth, not altitude), and can be done at practically any time of the day.  It works so nicely that I hope never to use the plumb string method again.  I did, by the way, make one test comparison of the string/shadow sharpener method with the theodolite method.  They differed by just 0.054 degrees, or about 13 seconds of time.
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Modern theodolites have other interesting features.  Some are available with a laser pointer co-axial with the optical telescope.  It projects a red dot exactly where it is pointed.  It can be used as a super accurate altitude/azimuth laser trigon, or if the base is tilted to the user’s co-latitude, a right ascension/declination laser trigon, to lay out a large sundial on an irregular surface.  A Topcon DT-209L laser theodolite is advertised as having 9 second accuracy for $3,500.  Other models claim accuracy to 5 seconds, but cost more.  Some companies will rent theodolites over the internet—one such site is http://www.andersoninstruments.com/, charging $30/day for a plain theodolite, and $40 for one with a laser.
And while we’re at it, a gyro-theodolite is an uncommon souped up theodolite that uses the precession of a gyroscope to detect the axis of the earth’s rotation.  Reportably they can locate true north to within about 5 seconds of a degree. They are especially useful where no surface reference points exist, such as for underground tunneling.  For example, they were used in building the 17 mile CERN particle accelerating tunnel in France/Switzerland.  I have read that using one requires a considerable amount of training.  Kate Pond’s says that a Japanese government/contractor apparently used a gyro-theodolite to delineate the north/south meridian for her “Himeguri” sculpture in Sendai, Japan in 1998.


















Improved techniques for laying out an accurate North-South meridian line
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Figure 2.  Two pinholes allow a choice of images.





Figure 3.  A shadow sharpener is a pinhole camera, allowing the center of string to be determined with greater accuracy.  In this montage, the correct location of the string’s center is marked where the image of the string crosses the center of the projected sun.





Figure 1





Figure 6.  Focused images of the sun and crosshairs projected onto a white card 10 inches behind the eyepiece.  Crosshairs and sun can be focused separately.  Theodolite must be turned until sun is centered in crosshairs..





Fig 4. Theodolite.  Very accurate angular measuring device.
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