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TRUE NORTH — THE ASTRO COMPASS WAY — method one — all done with time

The astro-compass can be used as an accurate solar compass. It fits into a base, not supplied,
which can be made from a 2.25 inch long PVC sprinkler pipe couplings whose inner diameter is
1.9 inches, and whose outer diameter is 2.25 inches. Two slits will need to be cut into it. For
accurate time measurement, a clock showing hours, minutes, and seconds updated by an atomic
clock such as the one in Colorado is needed. However, understand its use of summer time and
that such clocks may drift substantially if the update fails. In this case we switch formula elements
around, we need the L.A.T. (local apparent time) to calculate the sun's hour angle:

YR e e

L.AT. = standard time — [corrections] = L.A.T.

The astro compass is placed on a surface and leveled with
the leveling knobs. Leveling only works when the compass is
in its base. Then set the lowest adjustment (azimuth) so the
lubber line marker is on N for north or S for south. Set the
second adjustment up to your latitude. Set the third
adjustment up (hour angle) until the sight is pointing roughly
at the sun. Set the top adjustment (declination) to the sun's
declination to enhance the shadow. Then calculate the
corrections valid for the day. HINT: Don't use summer time.

EXAMPLE ACTUAL

i T LONGITUDE CORRECTION;{
'« % ~ your location: 108.2
e - -~ reference location: 105.0
The astrocompass rests on a PVC | difference: 3.2
column on a wood base. i . o :
g times 4 + 12m 48s
LN WAEEETET. EOT CORRECTION: Sept 26

chart A2.1 - 8m 41ls

NET CORRECTION + 4m s

NOTE: we will reverse the sign when we apply this to clock time | - 4m 7s

Next: select a time about 5 minutes hence and calculate the L.A.T. for that clock time: For
September 26, longitude 108.2, the net correction is + 4 minutes, 7 seconds which is subtracted
from the clock indicated time because we desire L.A.T. Simplify work by using standard time.

Then: calculate the hour angle from noon for the L.A.T., this is 15° per hour, and 1° for four
minutes (table A2.3).

Standard clock (not summer) for reading: 9:30
clock to L.A.T. correction: - 4m 7s
L.A.T. (clock — correction): 9:26
L.A.T. from noon 12:00 2h 34m
Degrees from noon: 38.5°

Set the astrocompass hour angle dial, third adjustment up, in this example to 38.5 degrees from
noon, or 321.5 which is 360-38.5.

Last: derive true north: At exactly the selected clock time, 10:30 in this example, slowly rotate
the entire device until the sun's shadow is indicated in the declination adjustment's shadow box.
The device is set, and the bottom or azimuth ring indicates true north or south. Appendix 2 has
the above boxed work areas replicated several times as an easy to use work sheet.

HINT: simplify your life and use standard time even in the summer, it saves confusion.
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ASTRO COMPASS TRUE NORTH DETERMINATION - method two — done with degrees

This uses the same theory as backing off or advancing the clock time for a sighting, but instead of
adjusting the time of the sighting, the hour angle is adjusted by advancing it or retarding it based
on a degree equivalent (as opposed to a time equivalent) of the sum of the longitude and
equation of time (EOT) corrections. Also, standard time is used, rather than considering daylight
saving time in mid-calculation.

EOT from table A2.1 mm.ss

First, get the equation of time for the day, the EOT is in table A2.1 Mar | Apr | May

in the appendices. For March 27, this is +5.37 (mm.ss), meaning

that this is added to a sundial reading. Convert this to degrees, 1] 1231] 406| -248
using 4 minutes per degree. This is 5m 37s, or 5.6 minutes and 2 1219 349 | -2.56
that becomes 1.4 degrees, positive when divided by four. 3| 1207 3.31 3.02

Next, derive the longitude correction for the dial's location, which |25 613 | -154| -3.10

is the location's longitude minus the legal time zone's meridian | 26 | 555 | 204 | -3.04

longitude. For a dial at location W108.2 and a legal time zone
27 537 |) 214 | -2.57

meridian of W105, the number is 3.2 degrees. A positive number.
28 519 | 223 | -2.50

Next, add the EOT in degrees and longitude correction in degrees | 29 500 | -232| 243

iving 3.2 plus 1.4, in other words 4.6 degrees positive.
gving P 9 P 30 4.42 -2.40 -2.35

Next, look at your accurate watch and pick the nearest time 31 4.24 -2.27

whose minutes is a multiple of 4. In this case it was 12:43 daylight
savings, thus this is 11:43 standard time. The 11:48 daylight saving time simplifies calculations.

This was 12 minutes before noon, or at 4 minutes per degree, this was 357° (3° before noon).

Finally, the sun's hour angle (in this case 357° or 3° before noon) is adjusted by the total EOT
and longitude correction. Since the time was before noon, the 3 degrees is backed off by (has
subtracted from it) the 4.6 degrees. This results in 7. 6 degrees as the correct solar hour angle for
12:48. Note: 7.6° is less than 3° when you consider them to be 352.4° and 357° respectively. The
astro compass having been set, it is used as described on the previous page.

DATE: Mar 27 good for the dav @
Longitude — Legal = Location 1 Calculate the correction in
Meridian correction degrees
108.2 w — 105w = +3.2° 2. Pick a time whose minutes
A4 are a multiple of 4
EOT for the | EOT for the EOT/4 Total 3. Calculate the hour ang|e
day mm.ss | day mm.mm correction > from noon
+5m 37s +5.6 =+14° +4.6° 3. Set the astro compass to
the hour angle from noon in
step 3, but subtract the
w correction from step 1
\ 4
Time of day astro compass final hour angle
1248 summer, 1148 mst 352.4° (or 7.6 from noon on morning side)
do several times
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This table allows for a very quick conversion from legal standard time (not summer time) to an
hour angle, and these are the same hour angles marked on the astro-compass.

6 7 8 9 10 11 1 13 14 15 16 17

0| 270 285 300 315 330 345
4| 271 286 301 316 331 346
8| 272 287 302 317 332 347
12| 273 288 303 318 333 348
16| 274 289 304 319 334 349
20| 275 290 305 320 335 350
24| 276 291 306 321 336 351
28| 277 292 307 322 337 352 22 37 52 67 82
32| 278 293 308 323 338 353 23 38 53 68 83
36| 279 294 309 324 339 354 9 24 39 54 69 84
40| 280 295 310 325 340 355 10 25 40 55 70 85
44| 281 296 311 326 341 356 11 26 41 56 71 86
48 | 282 297 312 327 342 357 12 27 42 57 72 87
52 | 283 298 313 328 343 358 13 28 43 58 73 88
56 | 284 299 314 329 344 359 14 29 44 59 74 89
60| 285 300 315 330 345 360 15 30 45 60 75 90

15 30 45 60 75
16 31 46 61 76
17 32 47 62 77
18 33 48 63 78
19 34 49 64 79
20 35 50 65 80
21 36 51 66 81

O~NO O WN=ON

The spreadsheet: illustrating-shadows.xls has this as a work sheet and even takes the days
correction for the EOT as well as the longitude correction and provides the above table for that
day.

This document may be freely distributed provided the credit to Page 3 of 3
lllustrating Shadows is maintained. April 5, 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


