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Determining the Azimuth of a Baseline by Measuring the Apparent
Direction of the Sun
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Abstract

This paper is the study about a method for determining the azimuth of a baseline by measuring the apparent
direction of the Sun. It is simple to realize this method, as it requires, in addition to the apparent direction of
the Sun already measured, the observation time and the latitude and the longitude of the survey point. Comparing
the azimuths determined by this method and those determined by the PDGPS(Post Processed Differential GPS)
on 3 different baselines, the differences(PDGPS - this method) between the azimuths determined by two methods
were -137, +45” and +24” respectively. It can be an effective and rapid tool in cases that require the accuracy
lower than 1 arc-min.
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eljoF A =(Apparent Solar Path)S wlz} 360%day = 15%hr
= 15 /min = 15"/sec?] SZ&EER $=31Th o & o,
FEETAY 71E A2l 54 135°8 Avke A
o & olH AZHoNM = HYol I o] EEA=
A7+ 12:007} =, -2 AR A oA o) A& L
S 02 3ol A Ao R AL o 180°7} Hrh 3,
22 Aol A& At 574 127°919) e ojd #=
dolAlS] gz 17277} 5] a1, wabA] i go] 5 o
(eizto] 1809 Wl Az 12:320] e,

SHEoA 27t 0, A7t ARl oo HEHA, I
T Qele] Azt o4 eferel ol2ael HHizktheoretical
azimuth of the Sun) A, (8,4,0)E th A 2& ALE
TH(Jankowski & Sucksdorff, 1996).

=, Fig. 104

sin(2) *cos (A gl 8, 4, 1))
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sin(2) *sin (A g u($, A,0) = cos(8)*sin(g) )
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Fig. 1. Celestial spherical triangle from which the Sun's azimuth
A(Sun) is determined (modified from Jankowski &
Sucksdorf (1996), p. 119). z = zenith distance of the Sun,
8 = declination of the Sun, 90°- § = distance angle of
the Sun from the North Pole, g = Greenwich Hour Angle
or meridian angle of the Sun, ¢ = latitude, 90°- ¢ =
colatitude of survey point.
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Table 1. Substantial explanation of the baseline azimuth's surveying method by the solar observation (from Newitt et al. (1996)).

Example of a Pro Forma for Solar Observations
Place

Station

Mark

Date(day, mon, yr)

Theodolite

Observer

Lat. (degN, min, sec) & Long. (degE, min, sec)
Watch Start UT (hr, min, sec)

Correction (decimal secs)

Vert. Circ. Pos. Object

R Mark - n/a -

1 R OI sk kk k¥

3 L (o) Kk k% Kok

4 L |O k% kk k¥
L Mark - nfa -
L Mark - n/a -

3 R O| kk kg ok

4 R O\ dkok ko ckk
R Mark - n/a -

Watch Time (hr, min, sec)

Horiz. Circ. Read. (deg, min, sec)
dkk kk gk

Tk Rk ok
Fkk Kk Kok
Exk kk ok
I T T
*xk Kk Kk
ko kk ok
*Ek k% kk
*xk k% ok
Rk kk kK

dokok ok kok

Elo] 93, AA EHo g P2 ARE YA E TR T=
& sunin.for 2237} HAE otdof §li= S ARR
BE 7149 AA 91242 248 sunazfor T2 1
F27M9 =2 a# o g A E|of itk Table 12 sunin.for
£ 21 71530tk

ZHH, Fig. 2+= Table 10 AJGH 443 3t H|E 2] &
A e B9 TEEQ A5 2ol suninfor Z2
I3 94T o AEE Yohs &A= o9t At

WA, 712 JHEAN SFLS, BESH(ESHFER), &
, 47, £%7), D54 EAHRSIS, FD), 2AAA
ZFA|ZHUT(hr, min, sec)), ZA|A|R %K decimal secs)=
71t ZAAAZRATES 2AAE 002 gk A3 9]
MARZA O, ZAARGFELE ZAAE 002 $& &
Zhat AAA ] Zpo]QlH], ZAAR ¢li= AJ7o] AA|
ARHAE) Rt 2 (HE, =29 ()2 &t

EjQF Wekate] £42 BEEE 1, o 02X A
AR TS 29, HYo A% FAH #= 2, BERgSE
1 5 25 691 BESE W ABERE st =3¢t 54

L QA5 £0]7] Y3l FA B vertical circle)2] ¢
Aok BE, gofe] el S A stof Buel
2he 247 2T, 2, ARLENS
USR] 2 2%0| & 4-%{Table 194 RZ FA)Y AF
o = 7-{Table 1914 L& FA)o] thste] 242} #E3
o= Aojole] ~uE TN SRl §HA0HE
ZUck #EHAZHwatch time)2 F3E S BEJ A
o2 ZANAE 022 F A|ZLo 25 E H3gt A|7ko]H,
2B vl Zihorizontal circle reading)-S o] ujj ¢j& &
B7] ggzrolnh o, B (Mark)= Ajzte] whet o] F5kA]
gonm AZME 712 Wast gtk o 2= 9 41 (5)
O A8, 4,8 Ok
BioFe] a2 Bk 2 8F A F(Table 1914 O
E BANT 9F A (Table 19]4] [0 2 FA))Q| B3k}
< FAsk=t, ol HUe SHE AIEsH] o7 fE
olu], o]=|§l WELUSERE UFol 8] S48 A&
T B A DY Avwas (8, 4,00 AL €t
SEUREE ZUTE BNkl Bk T2 4B S F
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HOR SH W glof 9T @melA] 02Zom gAo] o] QEZ AAMRTEE o 0.8%e) P 2]
7] e, ko] 0 BE AAUS VA QAN B 2 B3 Ejgo] LEZOR o[5aje] FAlT} Tk

| START |
v

Input of general information :
Place, Station, Mark, Date, Theodolite, Observer,
Lat. & Long., Watch start UT, Correction time

oz

=
[e]

2T

w4t

N|
, , A
Obs. of mark with vert. cir. to RIGHT
of face (deg, min, sec)
Obs. of RIGHT limit of Sun with vert. cir.
to RIGHT of face
9 (deg, min, sec), (hour, min, sec)
]
~ Obs. of RIGHT limit of Sun with vert. cir.
“— to RIGHT of face
- @ (deg, min, sec), (hour, min, sec)
Obs. of LEFT limit of Sun with vert. cir. < g d - . g
to LEFT of face | »2.
(deg, min, sec), (hour, min, sec) S
w
@
Obs. of LEFT limit of Sun with vert. cir. 2
to LEFT of face —pE.
(deg. min, sec), (hour, min, sec) %’ >
- =4
Obs. of mark with vert. cir. to LEFT @
of face (deg, min, sec) @
(o}
X c
o
w
@
Obs. of mark with vert. cir. to LEFT §.
of face (deg, min, sec) E
4
Obs. of LEFT limit of Sun with vert. gir. 3
to LEFT of face —»o
{deg, min, sec), (hour, min, sec) 3
Obs. of LEFT fimit of Sun with vert. cir. 5
to LEFT of face >
(deg, min, sec), (hour, min, sec) o
=4 Obs. of RIGHT limit of Sun with vert. cir.
ot to RIGHT of face |
(‘E (deg, min, sec), (hour, min, sec)
5 | Obs. of RIGHT limit of Sun with vert. cir.
o to RIGHT of face
(deg, min, sec), (hour, min, sec)
Obs. of mark with vert. cir. to RIGHT
of face (deg, min, sec) #
Continue

YES Another full set of obs.?

Fig. 2. The flow-chart of one full set of observation. The order of input of datat to the program sunin.for is the same as that
in this flow-chart.
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2re) W12y T, v 2 9% AAE St A
o % 3] BG4 Tk 1 The 129349 B
(12,342 751, 1 gro] o]®l Aualzkt) oA 7HiA
o2 B2 B F49] BRI BFE A (44,0

greater angles : obsed. for right side of the Sun

6

(5,6) “meanof 5& 6
8

N

{1,2,5,6) : mean of (1,2) & (5,6) (7,8) i meanof 7& 8

Final point of sun’s center
mean of (1,2,5,6) & (3,4,7,8)

(3,4,7,8) : mean of (3,4) & (7,8)
: {1,2) :meanof 182

azimuth obsed. (in deg.)

(3,4):meanof3&4

smaller angles : obsed. for left side of the Sun

o T T T T T T T ]

tiiﬁe (in UT/"hrs. past)

Fig. 3. An examplary plot of two sets of the Solar observations,
24-03-1999 at Gyeongzu Geomagnetic Observatory.
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]2]GPS(Post Processed Differential GPS; PDGPS) &
Ao} Blw skt Fig. 4o Al TS0l A3t 7} 7]
A9} wh9lzh E5Fol Ans vERSIch

HAAR7|HEaN e A7) ddEA Fdeh |
A2l #A] FHdjo] Trimble A}e] Zx]8 GPSQl =g
SSE40009] QtellUHE Z42h Al¢-aL ok 6 AJZE ot T&st
ARZRE FATGPS WHoRE At 7)4e] dole
96.9m, 7R 291°43 377 Gk $HE, Eloke] TEo) <
T 71 &) KUY FAARAL| Dr. Clarke7} 3
&3 A2 2RE AL 7)42] HeIzke 291°43724" ¢
i, FRAEAA AT LY o FHo| Aoz |ES AL
E2RE AL 7149 W9ZhE 291°447 26" STk

FATIGPS &%0] 4= 2Ab= BHA o] FRE ¢
10 mm + 1 ppm x 7]*424_01 A=l Aoz dHA o
(Wells, 1986), il 40 AL 71A9] Zio]7} oF 100m
ojmg 4 21]-: 10mm AE=ztal g 4= Qlck wheb
7R R A, 7149 kel 229] WEFo R 10mme)
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Geogaphic North

*

Marker Piinth 291° 43' 37+ by PDGPS
291° 43 24" by Solar Obs. By Eglish
91° 44 26" by Solar Obs. By Korean

Absolute Meosurement Plinth
Daejeon Geomag. Cos.{DIN)

Absolute Measurement Rlinth

116° 03' 34" by PDGPS
04" 19" by Sun Obs.

Powerine Tower
Tempaoary Paint
Gyeongu Geomag Obs.(GA)

Absolute Measurement Rlinth

112° 58' 21" by PDGPS
58' 45" by Sun Obs.

Temporary Paint
Hongseong Geomag. Cs (HOS)
Fig. 4. Results of the baseline surveying by the Solar Observa-

tions and PDGPS in Daejeon, Gyeongju and Hongseong
Geomagnetic Observatories respectively.
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Table 2. An examplary data file measured by the solar obser-
vation at Gyeongju Geomagnetic Observatory, 24th
Mar. 2000.

Gyeongzu Geomag. Obs. Station

GZU

powerline tower

24 03 2000

ZeissTheo010B

LIM

35.0000 43.0000 30.0000 129.0000 24.0000 04.0000
2.0000 10.0000 .0000
.0000

156.0000 42.0000 16.0000
.0000 37.0000 39.6300 203.0000 12.0000 12.5000
.0000 41.0000 43.4100 204.0000 57.0000 43.3000
0000 47.0000 24.9400 26.0000 25.0000 26.0000
0000 50.0000 333700 27.0000 46.0000 34.0000

336.0000 42.0000 16.0000

336.0000 42.0000 16.0000

0.0000 58.0000 43.8900 32.0000 16.0000 18.0000
1.0000 01.0000 36.8200 33.0000 32.0000 36.0000
1.0000 03.0000 56.7800 213.0000 37.0000 13.0000
1.0000 05.0000 502600 214.0000 28.0000 30.0000

156.0000 41.0000 57.0000

ZNAE 27153 wfo] A7t Aol 27|37 § AR
of w a2t 2AAY AZFREE] 2lolE B ¥ EAL HobA
zole] B YHgich ojet Zho] B1H 0.1 oJWje] 2}
o|2 YT 4 Yo ZAAZ} A RETHEE JHE (HE
A 7HE ()2 gk e, o] ol 71449 e
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A7) ARl +0.0529] 2271 Lo 71419 izt
o +1.37¢] X5 st

B30 Zr7| ekt 9] el 1AEHo s BEx
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Table 3. Summary of 3 substantial examples of the baseline azimuth's surveying method by the solar observation.

. . erT. 6. . eIt.
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PDGPS method method
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[0)

PS possible to exist

x
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Total zone for the Az by PDGPS and Solar Obs. possible to exist

Fig. 5. Statistical consideration of the expected errors in
baseline azimuth surveying for the case of Gyeongju
(GZU) Observatory, where the temporary baseline is
64.2m long.
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