Why?

Determine geodetic position (lat & long) of a point

Determine direction of a line

What?
Solar - Sun; near star

Polaris - “Pole” star
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PZS Triangle
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Co-Latitude
Z: angle between the the
observer's meridian and vertical
Co-Altitude > P circle through the star.
Co;DécIination Angle Z is the azimuth from the
) y observer to the star.
y tan(Z) = sm(t).
;o tan(d)cos(f) - sin(f)cos(t)
74 tan(z) = - sm(L.HA)
tan(d)cos(f) - sin(f)cos(LHA)

Angles: t =P =LHA
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Polaris Orbit

Polar view at 90°N Lat

Polar view at < 90°N Lat
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Polaris Orbit

elongation: when Polaris is furthest east or west of
the celestial pole with respect to the observer's
ce T position.
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ee: eastern elongation
we: western elongation

At elongation Polaris' travel is primarily N/S.

observer's
meridian

Polaris Orbit

Xz

% culmination: when Polaris is on the observer's
meridian and therefor due north with respect to the
observer.

uc: upper culmination
o Ic: lower culmination
%]
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At culmination Polaris' travel is primarily E/W.
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Hour Angles
Looking down from the Northern Celestial Pole
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Time

Referenced to Greenwich
UTC - Coordinated Universal Time

UT1 - UTC corrected for pole wandering
DUT - correction
UT1 = UTC+DUT

Time signal is broadcast by NBS on WWV: 2.5, 5, 10, 15, & 20 MHz
UTC time signal beat w/announcement each minute
DUT correction - each double click is 0.1 sec corr'n

(+) if in 1-7 sec of min
(-) if in 9-15 sec of min®




Ephemeris
February 2007 Sun and Polaris Ephemeris
2007 SUN -————- For 0 hrs Universal Time -- ->|<---- Polaris -------
Date Declination - GHA ——— Eq o Time Semi-Di |Declination --—-

d m s d m s m s m s d m s d m s H

Feb 1 TH -17 16 08.7 176 37 52.1 -13 28.53 16 14.0 &8 18 08.1 90 54 17 53 24.2
Feb 2 FR -16 59 06.7 176 35 S50.& -13 36.62 16 13.% &5 18 08.2 91 54 17 48 26.4
Feb 3 Sh -16 41 46.8 176 34 01.7 -13 43.8 16 13.7 8% 18 08.3 92 54 17 45 28.5
Feb 4 SU -16 24 09.5 176 32 24.8 -13 50.34 16 13.6 £9 18 08.3 93 53 17 41 30.6
Feb 5 MO -16 06 15.1 176 31 00.0 -13 56.00 16 13.4 8% 18 08.3 94 53 17 37 32.7
Feb 6 TU -15 48 04.0 176 29 47.3 -14 00.8 16 13.3 89 18 08.3 95 53 17 33 34.9
Feb 7 WE -15 28 36.5 176 28 46.4 -14 04.91 1& 89 18 08.2 98 52 17 29 37.1
Feb & TH -15 10 53.2 176 27 57.3 -14 08.18 14 89 18 08.2 97 52 17 25 39.4
Feb 9 FR -14 51 54.3 176 27 19.9 -14 10.67 16 89 18 08.1 98 51 17 21 41.9
Feb 10 SA -14 32 40.3 176 26 54.1 -14 12.38 1& 89 18 08.0 98 51 17 17 44.4
Feb 11 5U -14 13 11.6 176 26 39.7 -14 13.35 16 89 18 08.0 100 50 17 13 47.0
Feb 12 MO -13 53 28.5 176 26 36.6 -14 13.56 16 89 18 08.0 101 50 T 09 49.6
Feb 13 TU -13 33 31.6 176 26 44.7 -14 13.02 18 89 18 07.9 102 49 -4 T 05 52.2
Feb 14 WE -13 13 21.3 176 27 03.9 -14 11.74 16 89 18 9 103 49 .2 17 01 54.7
Feb 15 THE -12 52 57.9 176 27 34.0 -14 09.74 16 89 18 .9 104 48 .5 16 57 57.1
Feb 16 FR -12 32 21.9 176 28 14.9 -14 07.01 16 88 18 .9 105 48 .7 16 53 59.4
Feb 17 SA -12 11 33.8 176 29 06.4 -14 03.57 16 89 18 07.9 106 48 .8 16 50 01.6
Feb 18 SU -11 50 34.0 176 30 08.6 -13 59.43 1& 89 18 07.8 107 47 .9 16 46 03.7
Feb 19 MO -11 28 22.9 176 31 21.1 -13 54.58% 16 89 18 7.8 108 47 .8 16 42 05.9
Feb 20 TU -11 08 01.0 176 32 44.0 -13 49.07 16 29 18 07.6 109 4§ .1 16 38 08.1
Feb 21 WE -10 46 28.7 176 34 17.1 -13 42.86 16 89 18 7.5 110 46 .9 16 34 10.5
Feb 22 TH -10 24 46.5 176 36 00.1 -13 35.99 14 89 18 7.3 111 46 .1 16 30 13.1
Feb 23 FR -10 02 54.8 176 37 53.0 -13 28.47 16 89 18 07.2 112 45 .0 16 26 15.8
Feb 24 SA - 9 40 53.9 176 38 55.4 -13 20.31 16 89 18 07.0 113 45 .7 16 22 18.6
Feb 25 5U - 9 18 44.4 176 42 07.1 -13 11.52 16 89 18 06.9 114 44 .3 16 18 21.4
Feb 26 MO - 8 56 26.6 176 44 28.0 -13 02.13 18 89 18 06.8 115 43 € 16 14 24.1
Feb 27 TU - 8 34 01.0 176 46 57.6 -12 52.16 16 €9 18 06.7 116 43 € 16 10 26.8
Feb 28 WE - 8 11 28.0 176 48 35.8 -12 41.61 16 88 18 06.7 117 42 4 16 06 29.3
From Jerry Wahl's website at http://www.cadastral.com/2007ephs.htm

Azimth Dermination

Solar Observation
Altitude Method
Hour Angle Method

Polaris Observation
Hour Angle Method




Solar Observation
Hour Angle Method

Solar declination and GHA are interpolated from the
epemeris based on time of observation.

UT1=UTC +DUT
d=Decl 0" +(Decl 24" - Decl 0") * %1 + (0.0000395) * (Decl 0" ) sin(7.5* UT1)

Correction for sun’s semi-diameter

UT1

GHA =GHA 0" +(GHA 24" - GHA 0"+ 360° ) * 7

Solar Observation
Hour Angle Method

The observer's longitude is needed to determine the Sun's LHA.

LHA=GHA -/

The azimuth to the sun is computed from:

e sin(LHA)
Z=tan" —
sin(f)cos(LHA) - tan@ )cos(f )
When LHA is IfZ>0° IfZ<0°
02180° Az =180%Z Az =360%Z
180>360° Az=27 Az = 180%Z

The vertical angle to the sun is not needed for the Hour Angle Method.
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Solar Observation
Altitude Method

This method requires a vertical angle to the sun which in turn must
be corrected for parallax and refraction.

Sun

Earth

Solar Observation
Altitude Method

., sin(d) - sin( )sin(h)
cos(f)cos(h)

Z =cos

Az = Z when the sun is east of the observer's meridian (before ~noon)

Az = 360%Z when the Sun is west of the observer' meridian (past ~noon)




Solar Observation
Comments

The Hour Angle Method is preferred as it is easier and more
accurate to measure time than is is to determine the Sun's
vertical angle.

Sighting the Sun safely
Using filters specifically designed for solar observations.
Using a Roelofs Prism
Projecting the images of the Sun and the crosshairs onto a
screen held behind the telescope's eyepiece.

Never look directly at the Sun thru a surveying instrument.

Solar Observation

12



Solar Observation

Solar Observation
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Solar Observation
Comments

The best time to observe the Sun is mid-morning to mid-afternoon.

Atltitude Method: Sun's vertical angle doesn't change much in
short observation intervals.

Early morning and late afternoon has large atmospheric
refraction issues.

At noon, the Sun is moving horizontally (and quite quickly).

Polaris Observation
Hour Angle Method

d=Decl 0" + (Decl 24" - Decl 0" )* %

GHA = GHA 0" + (GHA 24" - GHA 0" +360°)* %
LHA = GHA - |

7 =tan't sin(LHA)

sin(f)cos(LHA) - tan@ )cos(f )

IfZ>0° IfZ<0°

Az=27 Az = 360%*Z




Polaris Observation
Comments

Polaris can be observed before complete darkness — if you know where to
look for it.

Unlike the Sun, you can sight Polaris directly. After dark, you need a method
by which to illuminate the crosshairs.

Sighting Polaris at either culmination means you are sighting North and don't
need to solve the Azimuth equation.

You do, however, have to compute when culmination occurs.

And Polaris is moving horizontally at culmination so you don'rt get much
room for error.

It's easiest to lead Polaris with the vertical crosshair — go past Polaris and
record the time when the star hits the hair.

Polaris can also be used to accurately determing the observer's latitude.

Polaris Observation
Sample Calculation:

Polaris was observed to determine the azimuth of the line
from North Star to station B2.

The instrument's horizontal angle was zero while sighting
slightly ahead of the star.

Time was recorded when the star crossed the vertical
crosshair and then the clockwise horizontal angle to station
B2 was turned and recorded.

Compute the azimuth of the line. 10050'53"

North Star®
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Polaris Observation

Sample Calculation:

From the NGS data sheet for North Star:
Lat =45%32'17.0"N *
Long = 94°10'58.6" W

Date: 4 Feb 2007
Clocktime of observation is 8:30:49 pm CST;
DUT correction is 0.2 sec.

8:30:49 cock time 10050'53"
+12:00:00 convert to 24 hr format
+6:00:00 time zone .
0:00:00.2 DUT el S B3

26:30:48.8 normalize to 24 hr
24:00:00

2:30:48.8 on 5 Feb

Polaris Observation

Sample Calculation:

Compute GHA and declination

From the ephemeris:
Date Decl GHA
4 Feb 89°18'08.3" 93%53'45.1”
5 Feb 89°18'08.3" 94%53'23.3"

2:30:48.8

GHA =93°53'45.1"+(94°53'23.3"- 93°53'45.1"+ 360°)
24:00:00

=131°42'11.8"

Polaris' declination doesn't change between the two days:
=89°8'08.3"




Polaris Observation

Sample Calculation:

Compute LHA and Az to Polaris
LHA=131%2'11.8"-94°10'58.6"
=37°31'13.2"
sin(37°31'13.2")
sin(45°32'17.0")cos(37°31'13.2") - cos(45°32'17.0")tan(8% 18'08.3")
=-0°36'45.7"

Z=tan’

North

Normalize:
360°%(-09386'45.7") = 35923'14.3"

-0386'45.7"

Polaris Observation

Sample Calculation:

Azimuth of the line North Star to B2
35923'14.3"+100%50'53" = 460°14'07.3"-360°
= 10014'07"

North

35923'14.3"
\1' 5053
North Staj\ES




Astronomic vs Geodetic Azimuth
Astronomic Azimuth - referenced to direction of gravity.
The difference between an astronomic and
geodetic azimuth is the Laplace correction

Geodetic Azimuth - referenced to the ellipsoidal normal.
It is a function of the deflection of the

vertical.

Geoid
Ellipsoid
Azg = Az, + C
Az; Geodetic Az
Az, Astronomic Az
Laplace corr'n

C
The Laplace corr'n is on NGS data sheets
or can be computed using DEFLEC99.

)
/' /> deflection of
the vertical
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