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ARSTRANT

Astronomical observations for azimuth are suggested to
be carried out using Black's azimuth method, then the geode~
tic azimuth and the deflection components S and\k can be
calculated with a reasonable standar of accuracy. This has
the advantage that astronomical observations for longitude
is not required and concequently, it requires only half the

observing time of the conventional methods,

1- INTRODUCTION

In the first order base net of Egypt, which goes along
the river valley, Laplace stations were established at the
terminals of the bases tovcontrol the calculated geodetic
azimuths, In the years 1979 - 1982 twn additional first order
triangulation nets were completed in the area between Eastern
desert and the Red sea coast. Nc astronomical observations
were taken for these recent established nets. It is well
known that astronomical azimuth alone is not enough to con-
trol the nrientation of a zeodetic net unless astronomical
observations for longitude and latitude are taken to satisfy

Laplace equation in its complete form.,
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2~ FORMATION OF THE BASIC EQUATION FOR GEODETIC AZIMUTEH
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Figure (1)

Fizure 1, illustrates a unit sphere with its center at
the observation station.[s ]. Let ZA denotes the astronomi-
cal zenith, and Z denotes the geodetic zenith. Phe 1line
of sight to the star S, and to the target T for which the
azimuth is measured, intersects the schere at the points
S and T respectively. Its zenith distances Z; s Z; and ZS,
ZT with respect to the zeniths ZA
responds to the North pole, and the angle at PN i the A3if-
ference between the astronomical and geodetie 1ongitude;

BN il _ D

and ZG. The »oint PN cor-

The angles PpZ,3 and PNZAT correspond tn the astrono~
mieal azimuth of the atar and the target respectively. Tke
angles PHZGS and PNZPT correspond to the geodetic azimuth

cf the star and the target respectively.
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Pre Aiff.revnre in gwiruth g can be formulated as follows

bk = A -~ oX J 6 e EE e A

where A denotes the astronomical azimuth, and ac consists of

two parts [ 3]

bex = By 4 PAg o< B (2)

P = AASING =N tan P S0 SR )

byx = © Cotz_ = % Cot Z L, . L e
where

T = SS\V\R_VLCOSCK A —

The first term ao¢ is the same for every target, independent
of its azimuth, and zenith distance. The second term bzc
depends on the azimuth and zenith distance,and it is the

same as that of an inaccurate levelin: nf the theodolite,

Consider the horizontal anzle from the star to the tar-

get at ZG yFigure 1, is piven by

SZ,T = SZ,T - Dgpcotly + DycOtZ, s e o s a4 1(B)

G
and the geodetic azimuth of the target is given by

T * * L L L] » ° * 7
Ag = Ay + S2,T ~ DpcotZ + B,cot (7)

Now the advanta_e of the abnve egquation arises fror the
fact that the geodetic agimuthk of the star Ag can be calcu-
1ated by the four rarts formulaliz ]applied to the triangle
PZGS, when using the method »f =2gimuth %y hour nngle[:l ],
[4].[6] taking irtr con'ideration thet +the cendetic 1stit-
ude 22¢ longitude ~f *the eccupied stalions are known, This
ig the c¢-~=~ of the nevl; eotabliched geodetie mets iv Egyrt,

becaume they are tisd o the 214 unsptz. Accordingly:



-4~

a) ™he gendetic aziruth of the star is calculated as fol-

lows:

cot A: = (- cos@Ptand + sinQcos t)coseec t . . . (8)

where
& = gecdetic latitude of the observer,
d. = Aeclination of the star,
t = the hour angle at the time of obzervation,

= RA - OAST n’)\('

T

RA = the ri_ht assension of the star
10 = the gendetir 1ansitude of the nhserver
ZAST= the Greenwich aprarent sidereal tine

o) The sennni fern STAT“iR tlie Yorigantal ~v37e L-asured by

the thendnlite *retwearn the star ard the tarcet,
2) The thjiwvd and Farth terre are the usugl reductinm tarw

B, o¢ @s i sauatism (4), atd tha 29y unakeowis ale 1 acd*L .

Prom the ahrve digrussinon it is clear that =z minirum
~f three otars {n different azimuths a»e ~eguired t- deter-
mine AP,E andY\,. Thus, each <tar . ives =1 ~hservatinon

T

equation cornesting 4., S ndh ,

Z~ DERIVATIDN OF THE OBSERVATION EQUATIONS

Let ve write equation (7) in the following forna

*
Al = ag + 52 T

a T~ (§ sinAg= Y coshp)ent?

A
+ (g sinA*-Y\cosA*)cotZ* ()]

T

Ag

=+ 9 - | (cotz" sinaT-cotz” sina®)

. 4

+Yl(cotZT cosA —cotz* cosA*) R
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Kow, 11 our observations are taken on N stars then let

A = mean value ol all Ay
A = most probable vaiue of geodetic azimuth of the target,
a = A - A = correction to K to give A,

A.,= geodetic azimuth of the ith star computed from (&),
A,= geodetic azimuth of target; i.e. AI+8 ’

= zenitn distance of the il® star,

47= zenith distance of the target T.

Accordingly,

=a+ AL = A, - K(cot 2% sini - cotz’ sinA*)
4 =00 NSA , Ay

X ~ * *
+*L(cot£ cosA - cotZ; cosA; )

and the Ifinal form of the observation equation will be
3

i * i *
V = a4+g (cot%s™ sina - coti 51mAi)

A b

- -
-VL(eotZT COSA = cotZi cosAi)+(A - Ai) 5 1o kel

with N observation eyuations o1 the above system, the nor-

mal equations are formed and solved for the unknowns 3 ,S -

ande.

4- NORMAL EQUATIONS

The normal equations for the above mentioned system
can be glven,by taking into consideration that the terms
with notation T in equation (11) will be small and can be

omitted, as follows:

N -2 G a -K
-b‘ h —i . 3 = .LI . . . . . . - L] ¢(12)
G -1 J q‘ -

where



N = number of observations

S N L% | *
P = Zm cot&i sinag
. _ <N L *
G = Ziu coti; cosAy
= : * *
H = }_L | @it . sin,.a.i)2
i N t2z* A +* *
= & co i 81nAi c:osAi

— * ¥ 2

2y (cotz; CoSiy)
. N {-

= Z—-—|:I(A - Ai)

—N .
‘Li:l (A - Ai)(COtZ

* *)
sln.Ai

2 = N
i
* P %

|

= 58 (1 - &
e b (4 Ai)(cotz. coaAi)

5~ ACCURACY 0f OsTsINING &,  ,and '\ :
5-1., Observational errors in the azimuth:

from equation (&) the observaticnal errors arise as a
function of the errors in geodetic latitude, declination of
the star, and hour angle, can be formulated as follows:

a) Error in A as a function of Q ,

By differentiating equation (8) with respect to 5

-gint coseczA dA = (sin@ tand + cos fcost)dq

-(gin®sind + cos®cosd cost) -
alnt cosd sin"4
cosZ sin.ZA
sint cos d

dA/dq®

- COtZ Sim . - ] Y . . - » (13)

h) Error in A as a function of ol ’

By differentiating equation (8) with respect tod,
-sint cosec®A dA = -cosCQseczcldd

.2
o h cosd sin“a

sint coszcl



da/ad

sing / sing

H

(cosq sinA)/cosd sinZ S -
c)Error in 4 as a function of t,

By differentiating equatiom (8) with respect to t,

an/dt (sinzA/sint)(sincxsint - coth cost)

[}

(sina/sint)(-cosA cost + sinA sint sing)
= sina cosec t cosgq SRCRCR OB ol o ol (L5
By substituting the well known Iormula
sinA cosq = sind)sint - sinq cosA cosZ,

in the equation (15), we get
da/dt = cosd (tand - cosa coty) PSR O O RN (110

Then, the total observational error can be written as

Iollows:

dh = ~coty sinh dd +((cos@sina)/(cosd sinZ))dd
+ cosd (tan® - cosa cotz)dr . .(17)

From the above equation (17), it can be seen that;
i) ror 4=0° or 180° tne error arising from d€ vanishes,
ii) rFor 4=90° the error arising from dYvanishes, and that
0l dd and dt will be minimum,
iif) Nem q=90o oreJ:BOO, the error arising from at vanishes

iv) when stars are paired in azimuths; i.e. 4, = A, + 180

2 1]
or A2 = —Al, then the total erftect or ¢d,dd , and dt

will vanish by taking into consideration that Zznle.

5-2. Variances of the unknowns a,i, andVL
From the normal equation system (12), and if the stars

are well balanced [5], then the off-diagonal elements of the
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normal e.uation system will vanish aad the inverse oI it

will be simply given as

q =1/N' ’

aa =1/h ’a'n'd q =1/J e ® & e .(18)

4 W

, and the variances of the unknowns will be

g \l?. Al \"2_
= =% 1 -
ba t SD qaa ? %S _goqx ? a..ndgb\’- t%oq“’ o ] L] -(19)
where
CSO = standard error of an observation of unit weight

]

[vz] / (n-3).

It can pe seen that the proportion of the total infor-
mation which zoes into the determination of each of the un-
knowns are:

-1 -\ 2

- -1
i i) for azimuth qai /(qAa +q§§ +q\h. )=N/(N+H+J)=8in

A\ e ,
ii) Hemw gz_qég /(a, +QE§ +q\ﬂ.)= cos®Z sin

4

A . . . (20)

=
+» v 8 ) f =
bt or “& q'\?L

From the above, it can be seen that if it is required

/ (3. 4., +d. )= cos?4 cos®
95q +q§§ +q\m J= cos cos“a

to determine a,% , andY all with the same accuracy, then
let at least a set of four stars of azimuths == 450,1350,
2250,and 3150 are observed, Then by equation (20) the cor-
responding value of Z will be 35.2° which can be approxima-

ted to pe within the 1imits of 30° to 40°.

6= CONCLUS1ON

From the above analysis it can be seen that the deter-
mination of a,% - and‘\’may be determined to conventional
"
accuracy = 0.4 [_l] , by observations of stars ol altitude

50° to 60°. This method has the aavantage tnat the astro-
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nomical observations for latitude and longitude are not re-
quired, and tne geodetic values which are known for the

new established nets in Lgypt are used instead. Accordingly,
it requires unly the hali ol tne observational time of the

conventional methods,
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