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TECHNIQUES TO IMPROVE 
ASTRONOMIC POSITIONING IN THE FIELD 

INTRODUCTION 

This report is a sequel to the paper "Techniques for the Improvement 
of Astronomic Positioning

1 
in the Field," presented at the ASP-ACSM 

Convention, Washington D.C. 

Based on Taylor's theorem, formulas were derived to reduce the 
observed transit times of a star over several vertical Hnes, the 
intervals of which are unknown, when the instrument is reversecf between 
the star transit or when the instrument is kept in a fixed position. The 
influence of instrumental errors upon the transit times and the 
corrections upon them is also achieved. Simulation field "ata 
observations were used for testinr; and evaluating the equations shown in 
this report. The tests showed a complete agreement between theory and 
practical work. A comparison of the methods of Niethammer and Struve was 
made with the author's method. Results of the test conductecf on site at 
the Goddard Space Flight Center are also included. 

BACKGROUND 

Previously, the author has derived two types of equations to ohtain 
latitude by observing the transit times of a star pair on a vertical plane 
fixed within 2 minutes of arc with respect to the prime vertical. 2 The 
first equation gives the latitude from 

tan ' 
• :t:\{os

2
P + tan 2& +west (1) 

sin P - east 

where p represents the parallacHc angle of a i:;tar, computed from the 
equations 

,/ 
\____./ . 

cos 1/2 ( & -& ) 
w e 1/ (2) tan x • -8 .,..in-1/..,..a.,...,CS-+"""CS.-.....) cot 2 o 

w e 

1Angel A. Baldini, "Techniques for the Improvement of Astronomic Positioning 
in the Field;" presented at the ASP-ACSM Convention, Washin~ton, D.C., 23-27 
February 1981. 
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where 

tan Y • cos 1'2 (6 +o )cot 1'2 a 
w e 

sin 1/2 ( o -o ) w e 

a• (Tw - Te) (l+µ+c) - (« - « ) + da +da w e w e 

and the parallactic angles are obtained from 

p - x + y 
PW - 360 - x + e y 

(3) 

(4) 

where µ is the clock rate, C is a constant, the value of which is C • 0 
when the interval of time (T - T ) is sidereal timP., and C • 0.002737908 w e 
if the interval of time corresponds to mean time. 

The second equation gives the latitude from 

sin t 
tan ' • + cos t tan o cos o tan P 

(5) 

With limitations, equation (5) can he used in any vertical plane. The 
parallactic angle may be derived from a star pair, either equation (2) or 

tan pw • cos& 
w 

sin a 
tan& - sin& cos a 

e w 

sin a tan Pe • ~~,1~~~~~~~~~T1-
si n u cosa - cosa tanu 

e e w 

INVESTIGATION 

(6) 

Error in Latitude Resulting from Errors in Transit Times. First 
corrshter --equatfon -(1). Diff-er-enti-atinp. thts -eo,uaUon with respect 
to a, we have 
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finding that 

a, 1 w· - tan ' tan p 
w 

ap cos p sin p 
e w 

ra . - sin <J 

., 

hence 
cos Pe cos Pw 

d' • + tan ' sin <J d<J (7) 

Similarly, from equation (5) we have obtained, considet'inr, the west star 
of the pair, 

cos ' cos ' sin tw cos Pe 
d' • tan AW dtw sin AW sin <J d<J (8) 

Equation (1) has been derived under the condition that a star pair is 
observed in a fixed vertical plane, which must be within ±2 minutes of arc 
with respect to the prime vertical. On the other hand, equation (5) does 
not have this limitation with respect to the vertical plane of 
observation, but an error dt upon the hour anF,le increases as the angle 
increases between the plane of observation and the prime vertical, as can 
be seen by examining the first term on the right hand side or equation 
(8). When the angle of separation is 12'. that is 90° ± 12', an er~or dt 
• is, gives an error upon latitude 

.. 
d' < 0.05 cos 4> (9) 

so' 'fl' 

Figure 1. Error for latitude of 40 degrees. 
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Figure 1 gives the error that one can expect on a latitude of 40 dep.;rees, 
assuming an error of dt = ls. 

The expression for the error in ~ resulting from an error c!O is analyzed. 

Error in Latitude Resulting From Errors in Transit Times. The 
following errors affect dO: 

1. The instrumental error, resultinp.; from Rn error in "etermining the 
collimation and inclination of the rotation axis. 

2. The personal error, occurring from the psycho-physical character
istics of the observer. 

3. The displacement error, arising fron an atrnospl>eric clisplacel"ent 
of the star. 

A suitable, well-chosen ohservatlon procerlure can rerluce the inf111ence of 
instrumental error. Usinp; a self-recorrfing rrd.crometer, freq11ently caller! 
the impersonal microneter, can reduce a rreat deal of the personal 
error. The error arising frofl1 unsteadiness of tl1e star 1'1\1St not he tRken 
because displacevent of the star occurs vertically. 

We may form an estimate of the total effect of Rll the errors hy exa!T'in:f nr, 
the several values of the transit times reduced to a common central Hne. 

Reducing 1be Observed Transit Times of a Star, the Interval of 1breads 
Being Unknown. We pro~eed to investip:ate the forl'lula for reclucinJ!' the 
observations on the sine threads to the mlrfdle thread. Let 

the star's transit tlmes over the same vertical line 
with respect to the direct anrl reverse :f.nstr11ment 
position. 

Consider these transit times as a function of the !'!tar's azirn11ths, anrl lE't 

-the -star ta -a-ziMuth thRt corr.esnon~s to the 
times 61anrf 62, respectively. 

Let A be the mean R?.im11th 
0 

Al + A2 
a '""----o 2 

and let e be the trf!nsit time over the vert:lcal linP whose a?.if!l11th 
is A • Thi transit times are functions of the a?.il"'uth. We, therefore, 

0 
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may write, according to the Taylor's theorem 

ei • f(Ai) = f(Ao 

at = ao + d0 ox ~Ai 

where 

+ ~Ai) Ill 

1 1 la -"l.A.2 +--- +-
2 dA2 6 

M •A - A 
i i 0 

d 
3

a -!A/ 
dA3 

For the star's transit times over the same vert1 cal 1:1.ne 

i • 1, 2 

we have 
A1-A2 

M1 ---· 
2 

A2-A1 
M2 ·--, 

2 
(11) 

and for the mean of the two transit times, we ohtR.1.n accordinr: to equation 
(10) • 

• 
2 

Therefore, the mean transit time is obtained from 

e1+a2 
a·-

o 2 

1 d20 
- (A2-A )2 ---,.;· 
8 l dAL 

(12) 

(13) 

The star's hour angle rate with respect to azimuth iR rP.latPd to the 
parallactic angle P and its zenith distance Z thro11gh the equation 

dt 
dA 

cos 6 cos P : sin Z 

Differentiating this equation with respect to A, we have 

d2t ~ p dt ~ i p dP z d_Z __ , dA2 cos u cos - <lA cos u s n rlA • cos , dA 

In the prime vertical 

(dP) 
dA A :1: 90 - 0 

s 

(14) 

(15) 

(16) 

\ 



From equation (14) and the equation 

we get 

dZ 
dt = cos 6 sin P 

dZ 
-- = tan P sin Z dA 

(17) 

(18) 

Because we insert equations (16j and (18) into equation (15) and hecause 
the sidereal time e is related to the hour angle anit right ascension 
through the equation 

e ... t 

we have 

- a: 
' 

- --

Whereby in the prime vertical, we ohtain 

(d2e) 
dA2 A = ± 90 

cos z 
• -- 6 tan P sim Z, 

cos cos p 

from which equation (13) hecomes 

1 cos Z (A A ) 2 cos 6 cos p tan p sin Z 2- 1 • e = 
0 2 8 

The zenith distance is evaluated from the Pouatlon 

- cos ~ cos A = sin 6 sin Z - cos 6 cos Z cos P 

which for A = ± 90°, ~ives 

tan z = cos P cot 6 

(19) 

(20) 

(21) 

(22) 

(23) 

To evaluate (A 1 - A2), proceed as follows. Consider the azi 1'luth as a 
function of time. Applying Taylor's theorem, we have 

(24) 

6 



where 

Evaluating A0 for the time 

• e -e 
i 0 

the two values of Ti that are to be used in equation (24) are 

e i-02 

By substraction between the two equations so derived, we ohtain that 

(25) 

The second term on the right si fie of equation ( 25) is always small and may 
be disconsidered when squarin~, keeping .. with foll accuracy that 

In the prime vertical we have 
dA 

(-) 0 • sin '' dt A • ± 90 

but also 

through which we found that 

sin l> 
cos z = sin~ , 

7 
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Inserting this value into equation (22) and remembering equation (23), we 
finally get for COmP.Uting the time 0 , 

• 0 

(28) 0 ·---o 2 

Expressing (02-0 1) in degrees and a fraction of the degree, and indicating 
by 60 the correction to the mean time, we have 

Hence, the time 0 is now reduced to 
0 

0 ·---
+ 

o 2 

{29) 

{30) 

The correction 60 has a positive sign for one of the stars of the pair and 
a negative value for the second star. The sign to he applied is known 
from the fact that the (0 1+02)/2 values have a tendency to increase or 
decrease from the first transit time to the center transit time. The sign 
is positive if (0 1+02)/2 increases, and ne~ative if it decreases. 

Influence of Instrumental Errors Upon 60. In obtaining the 
correction 60 it was assumed that no instrumental errors exist. But they 
do. Let us consider them and their influence upon 60. Two of the more 
important errors to be considered are the collimation error and the 
inclination error of the horizontal axis of rotation. Consider first the 
collimation error. 

Influence of the Collimation Error Upon 60. We observe the star 
transit times on all vertical lines on one side of the middle line, then 
reverse the instrument 180° and observe the star on the same line on the 
opposite side of the 11\.iddle line. By this mode of observation, the same 

-line -is al ternate1y ~owcrnts --north and towarrla -south -and at t>reclsely the 
same distance from the collimation axis. tt is evident, therefore, that 
by this mode of observation the effect of collimRtion error cancels oot in 
the sum (0 1+02)/2, but does not vanish in the cUfference {02-0 1). On the 
contrary, it affects it twice, including conseQuently in the evaluation 
of 60. 

8 



Let c be the collimation error, and let lJ lt lJ2 be the star transit times 
over the same thread before and after the instrument has been rotated 180° 
in azimuth. We assume observations with theodolite as Wild T-4, DKA3, 
etc. 

Let P 1 be the parallactic angle that corresponds to the first observation, 
so the correction time to 01 is given by 

(31) 

and therefore the star transit time must be 

(32) 

When the instrument is rotated about the vertical axis 180°, the 
collimation changes sign. Then the transit time over the same thread on 
the other side with respect to the central one, the collimation correction 
has the opposite sign. The correction to the transit time is 

d62 • - c sec 6 sec P, 

and the real transit time is therefore 

02 • ~2 - c sec 6 sec P (33) 

It can be seen that the sum of the transit times over the same thread is 

but the difference of these transit times is affected twice owing to the 
collimation error. Consequently, we have 

(34) 

whi.ch is the value to be used in parenthesis of equation (29). Consider 
now the influence of inclination error. 

Influence of Inclination Error Upon the Transit Times and on 60. The 
inclination error affects the transit time in the amount 

9 



d9i • 1 cos z sec 6 sec P, (35) 

which in the prime vertical reduces to 

i tan 6/cos P sin ~ (3£-) 

Let 

~1 = inclination of the first ohservation 
i2 = inclination of the second observRtion 

Then, for the sum of the transit times, we have 

and for the difference of the transit times, we obtain 

The ± sign shall he identified later. 

Total Influence of Instrumental Errors. The total i.nfluencP of 
collimation and inclination errors on the mean of the two ohserven ti mes 
on each side thread is 

(3Q) 

-arrd-on-the--Oiff~renee-s bet-Ween the ohsarv~n times is 

The correct sign to be considered is shown later. 

Equations (39) and (40) must be considered when usin~ the instrument 
alternately in opposite positions of the rotation axis, reversin~ it 
between observations of the same star. It should he noted that if there 
is no error in the observed times, the value of thP time 9 , which is 
computed for each thread, should be equal one to each other. 0 

10 



An important factor has to be considered. The latitude is determined by a 
pair of stars, one at east of the meridian and the other at west of the 
meridian. It is assumed that the azimuth of the instrument has not 
changed during the observations. This is an important factor when a Wild 
T-4 or similar instrument is used. The Wild T-4 theodolite has no 
mechanism for lifting and turning the horizontal axis on its bearings, as 
the Bamberg and Askania universal telescopes have, which are favorites for 
this kind of observation. This type of instrument has a reversing 
apparatus enabling the observer to turn the transit quickly from the 
direct to the reverse position. In the Wild T-4 or Kem DKM 3A, the 
observer must rely on the horizontal scale readings and is therefore 
subjected to azimuth errors in setting up the instrument orientation. For 
this type of instrument, one pair or more must be observed with the 
theodolite fixed in a direct position, recording the star transit times 
for all threads, then reversing the instrument and setting it up through 
the horizontal scale reading close to 180° with respect to the first 
position, and making new pairs of stars observations. It is to be noted 
that in this case equations (39) and (40) must be modified since they were 
derived on the condition that the star transits are on all the threads on 
one side of the middle thread. Then, by reversing the instrument 180°, 
the star transits are on the same threads on the opposite side of the 
middle thread. Let us now consider the reduction of the observed transit 
times when the instrument is not reversed during the observation of one 
star pair. 

'Reduction of the Observed Transit Times of a Star 'When the Instrument 
is Hot Reversed. Let n be the number of threads and let e be the star 
transit times. By construction, the threads are located a'imost symmet
rically with respect to the middle thread. Consider the transit times 
over threads 1 and n, 2 and n-1, 3 and n-3 and so on, so the times to be 
considered are e 1 and en; e 2 and en_ 1; e 3 and en_ 3 , and so on. 

Let 

i 1 • inclination before observation 

i • inclination after observation 
!l 

c • collimation error 

a,, 82 - observed transit times 

11 



The total influence of inclination and collimation errors is for 
either 9' 1 or 9' ; 

n 

d6 = 1/2(i 1+12) tan & sec P cosec 4> + c sec & sec P (41) 

Therefore, we have for the sum and on the difference of times, 

Then the reduced time 6 becomes 
0 

e 
0 

+ 
2 

tan & + c 
cos P sin 4> cos p cos s 

(42) 

(43) 

A similar equation holds for every two symmetricAl threads. It is to he 
noted that the second and third terms in the right side of equati.on (33) 
are constants, that the collimation changes its siy,n when ohservations are 
made in reverse instrument position, and that the term in 
parenthesis ca - 01) must be taken in degrees and fractions of the 

n degree. 

The central thread has a value of 

e 'S l/·~ i ) t~m & c 
o· o ± 6il+ n cos P sin ~ ± cos 6 cos P (44) 

It is to be noted that in all equations rlerived RO far, nothing is 
mentioned about the sir;n to he considered for the correctionR rlne to 
collimation and inclination errorR. Let us consider now when a positive 
or negative sign should be used. 

Sign to be Applied for the Corrections Due to Inclination Errors. 
Equations (31) and (36) were consirlered without analysis of the sign to he 
applied to the observed transit times. Let us analy?.e thP inclination 
error. Consider the instrument brought to the prime vertfca]. Then, 
consider that the rotation axis is perpenciicnlar to the planP of the pri1'1e 
vertical anti lies in the intersection of the planPR of the mPri"lan and 
horizon. 

12 



Figure 2. Influence of the Inclination Error. 

Let P Z, figure 2, be the meridian, WZE the pri~e vertical of the 
obserUer, and ss 1 the parallel of a star that crosses the mericUan between 
the zenith and the equator. Such star crosses the prime vertical at A and 
H. When no error of inclination exists, the rotation axis is horizontal 
and lies in the merirlian plane; then, the telescope will describe a 
vertical circle WZE. 

Let us assume that the north end of the axis is above the plane of the 
horizon. Let i be the angle inclination. The telescope, then, w.111 
describe the circle wz 1E, where z. is the vertical of the instrument; 
therefore, ZZ' • i. A Atar is observed at either A' or B'. Consider the 
west observation. The star is observed at Bl, instead of being observed 
at B. Let t1 be the hour angle when the star is observed at R' and t + ~t 
he the hour angle when the star is observed at A. Let 01 he the ohserverl 
time when the star is observed at R', anrl e when the star is observed at 
A. 

we have 

therefore 

t .. e •-a 
t+dt - e-a, 

dt - e-e •, 

e. 0'+dt, 

which by using equation (36) becomes 

a - e•+i tan ~ sec p cosec '· w w w w w 

13 
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We feel also that the east observation tAkes placP after the star crossPs 
the prime vertical. Therefore, we must suhstract to the ohserveci 
time e I at A1 for the amount of time the star 1110ves on its parallel' from 
B to B~. A similar equation to (45) for the east transit time is 

0 = 0 1 -i tan 6 sec P cosec ~. 
e e e e e 

(46) 

It follows, then, that the correction <lue to inclination error when the 
north end of the rotation axis is higher than the south must he positi v~ 
to the west observation and ne~ative to the east ohservation. To fulfill 
this condition, the inclination 1111.lSt have the same sip:n as the coefficient 
of i has. The inclination is <letermined through the position of the 
bubble on a graduated scale on the surface of the glass tnhe of the stritie 
level. We must then consider what sigri is to he given when the zero of 
the scale position is towards the north or towards the south. 

To obtain the inclination of the axis of rotation, we tTlust rea<l the huhhle 
position with respect to the etched scale on the tube with the level tn 
direct and reverse position. Let NS, figure 3, he the axts of rotation 
with the north end over the horizon HH', form1ng an anp:le of inclination 
i. When the level is on the straight line NS, the huhhle always moves to 
the highest point of the tube A or B, firures 3 11nrl 4 respectivPly. 

H' 

Figure 3. Bubble Position when Zero of the Scale Is Towards the North. 
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N 

H 
l 

Figure 4. Bubble Position when Zero of the Scale is TowardR the South. 

Let 

.t = rearling of the north enil of huhhle 
n 

.t = reading of the i:iouth enil of huhhle 
s 

p = given angular value of onP rlivision of the scale 

L = t,...e center point of the level 
c 

The angle of inclination of NS to the horizon HH' is i. The zPro point of 
the scale is at the left in the first position. When the stride level is 
reversed, the zero point of graduation will be on the rh:ht side. The 
bubble moved from A to B, but the center point Lr has not chanp;eci its 
position with this rotation of 180°. The center of the hubhle enci 
readings will be 1/2 (.t + .t ) divisions from the center point Lc in the n s 
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first position, and lf2 (R.' + R.' ) from the second position. AccorrfinJT to n s 
figures 3 and 4, we have 

L ) lf2 ( R. +R. ) 
c n s First postt:f.on 

L < lf2 ( R.' +R.' ) c . n s Seconrf posi tton 

The center point Lc has the value 

L • 1/4 [ ( R. +R. ) + ( R.·' +R.') J • 
c n s n s 

(47) 

The inclination value is 

i • P [ L - 1/2 ( R. +R. ) ] First position 
c n s 

i • p [ 1/2 (R.' + R.' ) - L ] Second position 
n s c 

(4A) 

The mean value gives 

Let us analyze the sign that corresponds to the bubble position. Eouation 
(36) gives the correction to the transit by 

d0 • i tan 6 sec P cosec ' (50) 
i 

Since the coefficient of i, 

tan 6 sec P cosec ' > 0 

the sign of i to be used in equation (49) must he rosi.tive. As 

(R.l+tl) > (R. +R. ) 
n s n s 

we consider positive the bubble readings when the ?.ero of the scAle is 
towards the south, and negative towarrls the north. Adiiins;i; Alp.ehraically 

-the -two -readings _and _dividiny, by four, the inclination is obtained with 
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the correct sign, as can be seen fro~ this example. 
readings of the level were considered: 

Zero south 
Zero north 

-19 -74 - -Q3 
+39 +94 - 133 

sum +40 

Inclination • +10 divisions 

The followinp, 

1'he positive sign indicates that the north support of the in!'ltrm'lent is 
higher than the south. In this case it is 10 divisions for hoth the 
direct and reversed positions. 

Consider now the influence in the transit times due to a collimation 
error. 

Sign to be Applied for the Corrections Due to ColliftMltion Errors. Let 
c be the collimation constant of a thread at north of the collimation axis 
in the prime vertical. The small circle of the sphere, which corresponds 
to it, is south of the prime verti.cal. 

Figure 5. The Influence of Collimation Error on a Star Transit Over the 
Prime Vertical. 

Let SOC, figure 4, he the diurnal circle of a star. 'Recause of the 
collimation error, the telescope will not describe the ~reat circle of arc 
WOZC, but the smallest W'D'Z'C' circle of arc. The star'i:; transit timeR 
refer to the star position over C and D, hut owinp, to collimation, thP. 
transit times will at C' and D'. It can he Reen from figure 4 that the 
east transit time is after crossinp, C, and the west transit is ohserved 

17 
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before the 
observation 
correction. 

star crosses the prime vertical. 
requires a negative correction, and 

Therefore, 
the west a 

the east 
positive 

The correction owing to collimation is given by the following equation: 

d0 • c sec 6 sec P (51) 

It follows then that the transit times of a star on the prime vertical 
will be 

West 0w .. a + c sec 6 sec p 
w s w 

(52) 

East e ""u - c sec 6 sec P 
e e e e 

The sign that corresponds to these equationi:1, and also to equations (45) 
and (46), indicates what sign is to be applied in the preceding equations 
in which a ± sign appears. 

The plus sign corresponds to a star observed west of the prime vertical, 
and the negative sign to a star observed east of the vertical. 

Determination of the Collimation Error. To netermine the collimation 
error, we may use a well-defined ohject as distant as possihle, near the 
horizon, and read the horizontal circle in <lire ct and reverse instrument 
position, deducing the collimation, c, from the fol lowin~ equation: 

where A1 , A2 are the horizontal readings in direct and reverse theodolite 
position. In field work, an object that is well-defined and at a 
sufficient distance cannot always be found. In this· case, a star of high 
declination can be observed following the procedure indicated in reference 
1. A third procedure may be considered by using a second theodolite, by 

-fo1::using it to infinite-, _and _by _p_ointing the two theorloli tes precisely one 
to other. Illuminating the second theodolite from the rear, the 
crosswires are projected in the T-4, on the focal plane, like a signal at 
infinity. Then, carry out the determination of the collimation error as 
it is indicated above, in the first case. 

Examples of Computation. 
report are as follows: 

Examples of computations included in this 
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1. Simulation field data observation was used for testing and 
evaluating the theory developed for determining la ti tuc'le from 
transit times of a star pair over a vertical plane within 2 
minutes of arc with respect to the prime vertical. The test 
conducted showed a complete agreement between theory anc'I 
practical work. 

2. The purpose of this example was to compare NiethamT11er 's method 
against Balcfini 's methgd. The test conc'luctf'r'I is hasec'I on c'lata 
taken fror.i Niethammer. The test conducte<I shows a discrepancy 
of 0.06 second of arc in the latitude. T}'!e B;:ilrlini equations 
are less complicated to apply than those of Niethammer, and they 
are independent of the Niethammer requirements mentionec'I ahove. 

3. The example included is a test that involves potential sources 
of error in latitude determination hy selectinp star pairs 
according to ocular i.nstruJ'llent position. Large discrepancies 
have heen found, dPpending on the pair selection. 'l'Pe value 
obtained when the pairs are formeti using (N-S) anr'I (~-N) nr (S
N) and (N-S) are different from those ohtainec'I usi.np.: (N-S) anc'I 
(N-S) or (S-N) and )S-N). 

4. In this example a coMpar:l.son is l"larie hetwPen Baldini 's l"IE'thori 
against Struve 's methorl. Data userl is from NiethRT"'l'l'er. The 
test shows a discrepancy of O.I5 second of arc. 

5. Results of testing Baldini's method ;:it the Goc'lc'lard Space Flipht 
Center, Greenbelt, MlJ. 

Example Using Simulation Data. Star transit times for a west ;:inc'! ei:1st 
star forming a pair are shown in tahle 5. The first column inrHcates the 
vertical line number, the second colurm in<licates the star transit times 
in the direct instrm11ent position, and the thirc1 colm'"n incHcates the 
transit times when the instrument was reverseci. Similarity :Is for the 
star at east. Below each column the inclination and col I imat i.on va 111es 
are given. The data refer to a place whose latitude is 40° north. 

Latitude is computed from the equation 

3T. ~iethammer, 1947 - Die Genauen ~ethorlen Der AstronoT11isc~ - CeopraphischPn 
Ortbestimmung, Verlag Birkhanser Hasel. 
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The parallactic angle P is conputed through the followinp eClml.ti.ons: 

l/z (A+B) = x P • x+y = A 
w 

P • 360 -X+y • -B 
. e 
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Table 1. Star Transit Thies 

Number 
of 

West Star 

Observa-
tions Direct Reverse 

l lOh 04m 49~169 1oh 07m 34~039 

2 4 56.600 26.528 

3 5 2.794 20.272 

4 8.990 14.018 

5 12.092 10.893 

6 15.192 7.767 

7 21.395 7 1.519 

8 27.601 6 55.274 

9 30.705 ··s2.152 

10 10 OS 33.809 10 6 49.031 

" " i • +l. 50 i • +s.so 

" " 
c - +3.11 c. -3.11 

a • 6h oom 00~00 
w .. 

l) • 300 00 oo.oo 
w 

i • inclination 

c • collimation constant 

East Star 

Direct Reverse 

10 21 34.104 10 24 17. 362 

41.590 9.917 

47.828 24 3. 711 

54.063 23 57.504 

21 57.181 54.400 

22 0.298 51.296 

6.531 45.086 

12.763 38.A75 

15.879 35.769 

10 22 18.994 10 23 32.663 

" .. 
i • +2.50 i .. -1.20 

" " 
c - +3.11 c - -3.11 

a - 13h 40111 on~oo 
e .. 

l) - 200 00' oo.oo e 

Preliminary evaluation of the parallactic angles and zenith distances. 

Constants 
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C1 = 2.3571 97472 C2 • 0.0961 65772 

tan 112 (A+B) = C 1 • cot 112 0 12 

tan 1;2 (A-B) • c2 • cos 1;2 ol2 

p •A 
w 

p = -B 
e 

The values of the parallactic angles Pw and Pe may be found accurately 
enough from the mean transit times of the last observations. l1l.us, we 
have 

e -lOh 06m 11~42 a -13h 40m 00~00 
w w 

e - 10 22 55.83 a - 6 00 oo.oo e e 

e -e - oh 16m 44~41 a -a • 7h 40m 00~00 w e w e 

012 = (0 -e ) + (a -a ) • 7h 23m 15~59 w e e w 

1100 " 1'2 012 - 550 CJ12 - 48' 53.85 24' 

tan 1/2 (A+B) • 1.6256 6752 lf2 (A+B) • 58024• 

tan 1/2 (A-B) - 0.0663 2176 1/2 (A-B) 

II 

PW• A= 62011'50.6 

P • -B • -54 36 31.0 e 

The values of the zenith distances are obtained from 

tan Z • cos p cot 6 

- 3 47 

-tan Z -= 0 .. 8078 7-487 
w 

z = 38 0 56 , 01 • 9 
w 

tan Z • 1.5912 2578 
e 

z .. 57 51 10.2 
e 

" 26.92 

" 10.8 

39.8 

With these values of Pw, Zw, Pe and Ze, the inclination and collimation 
corrections were evaluated through the equations 

I i cos Z 
- 15 cos 0 cos p y - 15 cos g cos p 

c 
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They are shown on table 2. The factor 15 is introduced to obtain these 
corrections in time. 

Table 2. Inclination and Colli1118tion Errors 

Star I1 I2 Y1 Y2 Iril Y2-I1 1h (12+11) 

West 0~193 0~706 +0~513 -0~513 -1~027 -1~027 0~450 

East 0.163 -0.078 +0.381 -0.381 -0.241 -0.762 +0.042 

Hence, the evaluation of the transit times over the central vertical line 
is 

West 
~ East 

60 • - 0~5256 tan P sin 6 (t0)2 

a .. 
0 

:t - 60 

to is expressed in degrees 

The computation of the time 0
0 

was carried out according to equation (34), 
which is shown in tables 3 and 4 for the west and east star, respectively. 
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Table 3. Reduction of the observed transit ti.es - west star 

!Oh 06m 11~604 2m 44~356 0~233 !Oh 06m 11~821 

11.564 2 29.414 0.192 11. 822 

11.533 2 16.964 0.163 11.821 

11.505 2 04.514 0.134 11. 821 

11.492 58.287 0.121 11. 821 

11.480 1 52.061 0.108 11.822 

11.438 1 27.159 ().Of16 11.822 

11.428 1 20.933 (\.056 11.822 

10 06 11.420 1 14.708 0.048 10 06 11.822 

Table 4. Reduction of the observed transit times - easr star 

1/2 (92+9 1> T • 9r91 69 9 • 1/2 < 9 1+02 > -6 9 - 1/2 CI 1 +I 2 > 
0 

lOh 22m 55~733 2m 44~261 s lOh 22"' 55~808 -0.116 
' 

55.754 2 28.327 - .096 55.808 

55.769 2 15.884 -0.081 55.ROR 

55.784 2 03.441 - .067 55.R09 

55.790 1 57.219 - .060 55.ROR 

55.797 1 50.998 - .054 55.ROQ 

55.808 1 38.555 - .043 55.809 

55.819 i 26.112 - .032 55.ROq 

55.824 1 19.8QO - .02R 55.ROQ 

10 22 55.829 1 13.669 - .024 10 ?2 ~5.RIO 
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With the 0o transit times of the west and east star, we obtain CJ 12 AS 

follows: 
h m s 

a - a • - 0 16 43.988 
ow oe 

7 40 00.000 
a -e «w - .. 
CJ12 - 7 23 16.012 - 1100 49'00.18 

1/2 CJ - 550 24'30.09 

Hence, with the' already known constants Cl and C2, we now 
parallactic angles throur.h the equations 

tan 112 (A+B) • C1 cot CJ 12 •••• 1.6256 14150 

tan lf2 (A+B) • C2 cot CJ 12 •••• 0.0663 195~5 

V2 (A+B) • 580 24' 07.78 

1/2 (A-B) • 3 47 39. 79 

PW - 620 11' 41:12 

P •-54 36 28.3A e 

and the latitude from the equation 

. tan ' 
lcos2 p + tan2 6 -__ ___,,__ _____ _ 

:i: sin P 
± west 

east 

·west star 
east star 

' • 40000• oo.oo 
' - 40 00 00.00 

pet 

Comparison Between Niethammer's Method Against Baldini's Method. 

thP 

For this comparison, the same field observational data takPn from 
Niethammer was considered. 4 The computation shown here is hased on 
Haldini's equation of using a star parallactic angle, 

+ /cos2 P + tan26 
tan ' • P sin 

± west 
east 

4T. Niethammer, 1947. Die Genauen Methoden Der Astronomisch. Geographischen 
Ortbestimmung, Verlag Birkhuaser Basel. 
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Niethammer 's method of latitude computation requires three preconditions. 

1. The clock correction must be exactly known. 

2. The instrument must be brought to within a few seconds of an arc 
with respect to the prime vertical. 

3. The azimuth of the northern end of the rotation axis must also he 
known. 

Extra field work is then necessary to fulfill these three requirements. 

Since Niethammer's final equation, 

tan+ •tan pw cos (tw-µn)' 

is exactly the equation of a star transit over the prime vertical, 

where 

Therefore, 
error of 
value µ • 

n 

+ 
6 

t 
v 

tan + • tan 6/cos t , 
v 

• 90° - t 

- 90° - PW 

- t - µ • 
w n 

an error in the clock correction affects the Angle tw• 
the northern orientation of the rotation axis affects 

The total effects over the latitude are 

d+ • - tan + tan (t - µ )(dt - dµ ). 
(l+tan2+) w n w n 

An 
the 

Baldini's equation is independent of items 1 and 3. With respect to item 
2, only a rough approximation within 2 minutes of arc is required. 

In the. example herein considered, Niethammer gives the latitude evaluated 
from the mean-reduced transit times. Baldini 's computation p:ives also the 
latitude for each individual event as shown on table 4. 

It can be seen that for a maximum difference in the any.le a between event 
1 and 11, 

dO • 12"42 

gives a discrepancy in the latitude 
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d+ - 1"14 

This value agrees with the equation of error shown at the bottom of table 
4. 

Computation Using Niethammer's Data. The second column of table 5 
contains the mean values of the transit times of the west star a Cyg. 
The third column gives the difference between the transit times for the 
same vertical line for the direct and reverse instrument position. ·The 
four th column contalns the corrections to the mean time event computed 
according to the equation 

The mean value e increases from event 1 to 11 and the corresponding 
corrections 60 decfreases; therefore, the corrections 60 must be added to 
the mean values e , which are shown in column 5. 

m 

Table 5. Star: a Cyg West 

Even e = Ifi (e 1+62) 02-.~ 1 60 e - e + 60 m 0 m 

1 22h 13m 43.11 3m 19.62 0~833 22h 13"' 43.943 

2 43.29 3 09.82 .753 44.043 

3 43.48 2 59.16 .671 44 .151 

4 43.50 2 49.64 .601 44.111 

5 43.40 2 37.92 .521 43.921 

6 43.83 2 29.50 .467 44.297 

7 44.00 2 19.64 .408 44.408 

8 43.92 2 09.06 .348 44.268 

9 43-._qo l- 59.-24- .'l.97 44-.197 

10 44.20 1 4R.06 .244 44.444 

11 44.59 1 36.44 .194 44.784 

Mean 22h 13m 43~747 0~485 22h 13m 44~232 

Table 6, second column, shows the mean transit times of the east 
star ). Andr. In this case , the mean time em decreases from event 1 to 11 
and the 60 decreases; therefore, 60 must he snbstracted from the mean 
time. It is shown in column 5. 

27 



Table 6. Star: ). Aadr. But 

. 
Even 8 · .112 C8, + 82) m 82 - 81 68 8 • e 

o m - 68 

1 22h 24m 09~34 3m 53~28 1~543 22h 24m 07.797 

2 08.87 3 40.54 1.379 07.491 

3 08.76 3 26.84 1.213 07.547 

4 08.81 3 14.02 1.067 07.743 

s 08.54 3 00.32 0.922 07.610 

6 08.31 2 46.02 0.782 07.528 

7 08.32 2 33.00 0.664 07.656 

8 07.98 2 20.70 o.561 07.419 

9 07.94 2 08.08 0.465 07.475 

10 08.36 1 52.12 0.356 08.004 

11 08.09 1 39.36 0.280 07.810 

Mean 22h 24• 08.484 0.839 22h 24• 07~645 

Tables 3 and 4 are related to the proceH-computing latitude. The 
coefficient K is the mean width of contact. and i is the inclination; the 
values of which are 

s K • + 0.047 

" i • + 0.82 
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1 e 
0 

2 66 

3 1+2 

4 a 

5 6 

6 3-4 
-7 au 

8 -o a,2 

9 1;2 a 

10 1/2 dOi 

11 9+10 

112 (6 -6 ) 12 w e 
13 1/2 (6 +6 ) w e 

Table 7. Determination of latitude 

West 

22h 13m 44~232 

+0.227 

22h 13m 44~459 
20h 39m 24~570 .. 
450 04' 29.10 

lh 34m 19~889 
2h 44m 53.043 

410 
.. 

13' 15.64 .. 
200 36' 37.82 

+4.47 
" 200 36' 42.29 

-oO " 32' 02.61 
" 450 36' 31. 71 

East 

22h 24m 07~645 

+0.301 

22 24 07.946 

23 34 41.100 
" 460 08' 34.33 

-1 h !Om 33~ 154 

cos Z • sin 6/sin 'o 

M • K 
sin Z 

sin ' - cos Z 

(cot Zw + cot 
da

1 - f sin B 

tan 1/2 (A+B) • ~~~ g 2) cot (11) 

tan 1/2 (A-B) • sin ( 12 ) cot ( 11) 
cos 13 

p • A 
w 

P • 360-B 
e 

'-
+ I cos2A + tan26 .. a... •-

~ -·~- sin A 

+ west star 
--- e-as-t- s-t-a-r-

sin ~ 

Ze) 

tan 1/2 (A+B) • 3. 7206 26378 
I./ .. 

(A+B) • 7t057•. 21.70 

tan 112 (A-B) • -0.0354 26216 1/2 (A-B) - -20 OJ I 44: 13 

" A• 72055• 37.57 
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Table 8. Evaluation of latitude for each event 

Event a p • A w 

1 41013• 17.97 12°55'39"73 

2 24.06 37.74 

3 24.86 37.48 

4 21.30 38.64 

5 20.44 38.92 

6 27.32 36.68 

7 27.06 36.76 

8 28.52 36.28 

9 26.61 36.90 

10 25.38 37.31 

11 41 13 30.39 72 55 35.67 

Latitude ·-· m 

.. .. 
47032 1 26.68 -O.fi4 

27.24 -0.08 

27.31 -0.01 

26.99 -0.33 

26.91 -0.42 

27 .54 +0.22 

27.52 +0.20 

27.65 +0.33 

27.48 +0.16 

27.36 +0.04 

47 32 27.R2 +0.50 

• - 47032• 27"32 ± 0.10 m 

Niethammer gives • • 47032•21:2s, showing a discrepancy of 0"04. 5 

Niethammer 's method ,requires that the clock correction Mt1st he known; the 
azimuth of the northern end of the rotation axiR must also he known; and 
the instrument must be set up within a few seconds of arc with respect to 
the prime vertical. The only requirement of Raldini's method is to set up 
the instrument within 2 minutes of arc with respect to the prime vertical. 

Example Using Star Pairs According to Ocular Instrument Position. To 
analyze how the selection of star pair influences the latf.tude determina
tion, consider the following procedure. 

We observe the star transit times on all the vertical lines on one 
side of the middle vertical line, then reverse the instrument 180°, and 
observe again the star on the same vertical lines on the opposite side of 
the middle vertical line. Therefore, if the instrument position has 
ocular north in the first part, the second part has ocular south, and the 
second star of the pair is observed in the reversed mode: first, with 

SNiethammer. op. cit. 
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ocular south and the second with ocular iorth. 
investigation are also taken from Niethammer • 

Data used for this 

. The first star pair considered has ocular position: N-S for the west 
star and S-N for the second star. A second pair is formed: N-S for the 
east star and S-N for the second star. The latitude values so obtained 
show a large discrepancy as can be seen in the table below: 

Table 9. Latitude values 

Pair 

1-2 

3-4 ,. 

1-3 

2-4 

Same 

West 

N-S 

S-N 

stars 

N-S 

S-N 

Star 
South 

S-N 

N-S 

but in reversing 

N-S 

S-N 

Latitude 

470 " 32' 29.47 

47 32 26.08 

selection order 

470 32' " 27.64 

47 32 27.76 

The formula used for this. investigation is a function of the parallactic 
angle: 

tan + + lcos2p + tan2 6 -- sin P 

+west 
- east 

To verify the above finding, a second test was conducted. A new formula 
was derived that is a function of the star's hour angles. 

tan 6 sin t - tan 6 sin t 
e w w e tan + • ~~~~~.;.__s_i_n~a~.;._~~~ 

a - ce -e ) - (a -a ) w e w e 

This formula is valid for any vertical plane; but for the observation of 
star pairs close to the prime vertical, the exact evaluation of the hour 
angles are not critical. A rough approximation of the clock correction is 

-----------------6Niethammer. op. cit. 
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good enough because of the minus sign in the numerator, as can be seen 
from the following. 

Let l:i.T be the tone clock correction, ancf 't the eTror in the estimate 
value l:i.T , so 

0 

l:i.T • l:i.T + "[ 
0 

Hence, the hour angles wi 11 be 

t • e - a + l:i.T + "[ • B + "[ 
w w w 0 w 

t • e - a + l:i.T + "[ • B + "[ 
e e e 0 e 

In the prime vertical we have 

tan 6 • tan e cos t 
e e 

tan 6 • tan e cos t w w 

Replacing these values in the above equation ancf after some 
simplifications, we get 

cos B cos t - cos B cos t 
w e e w 

d+ • 't ~~~------2--s~i-n_,,a----~-----

The nuff'lerator of this equation tends to zero as 't tends to zero. Henc~, 

taken the value of 't -below 14 seconds of ti"'e, there will he no error 
influence in the latitude. We run a test with a douhle purpose: 

1. To evaluate the error d+ by assuming in the example that usinp: a 
star pair according to ocular instrument position, • l:i.T • - 24~8. 

Using 't • o to check the values of !Atiturfe according to the test 
conducted before. 

The test conducted is shown in table 10. 

Star 
Pair 

1-2 
3-4 

Table 10. Tests results vf.th and without l:i.T 

Star 
West East 

N-S 
S-N 

S-N 
N-S 

Latiturle 
AT not included l:i.T •-24R8 included 

470 32' 29"30 
47 32 25.91 

32 

470 32' 29.49 
47 32 26.06 



Same Stars but in Reversed Order 

1-3 
2-4 

N-S .. 
S-N 

N-S 
S-N 

" 470 32' 27.50 
47 32 27.59 

It can be seen from table 10 that even an error 

T • -24~8 

produces an error in latitude 

d+ < 0"2 

" 470 32' 27.66 
47 32 27.75 

The results shown in table 10 are in complete agreement· with the values 
shown in table 9. 
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Table 11. Evaluation of latitude with respect to selecting star pairs 

Star 

8 Lira 

8 Triang 

Boss 746 

>. Cyg 

1 e 

Ocular 

Position Transit Time 

w 
E 

E 

w 

N-S 

S-N 

N-S 

S-N 

West (N-S) 
8 Lyr 

22h20m40~ 381 

22 20m 40~ 381 

22 44 ll.739 

23 48 22.217 

23 56 48.36R 

East (N-S) 
Boss 746 

23h48"'22.217 

Right Ascension Declination 

18h48!1103~382 

02 06 18.838 

03 15 20.096 

20 45 17.254 

East (S-N) 
8 Triang 

22 44 12.739 

33018 1 09:67 

34 43 54.17 

34 01 30.14 

36 17 37.94 

West (s-N) 
>. Cy~ 

23h561'\148.638 

2 flµ c e i -e l > 0 -0.042 

+o.281 

-0.203 

-0.012 -0.045 

3 d6k 

4 d6 

5 a 

6 1+2+3+4-5 

7 a 

8 1/-p 
9 c5 

w 
10 c5 

e 
ll l/i 9+10) 

12 l/a9-10> 

+0.274 

+0.165 

18 48 03.382 

3 32 37.438 

3 15 20.096 

20 33 02.157 

6h59m25~282 

520 26'54:62 

33 18 09.67 

34 01 30.14 

33 39 49.90 

-o 21 40.24 

+o.288 +o.306 

-0.205 +o.278 

2 06 18.838 20 45 17.254 

20 37 53.972 3 11 31.923 
6h33m 37~951 

49 12 14.63 

36 17 37.94 

34 43 54.17 

35 30 41.06 

(\ 46 56.88 

tan 1/2 (B+c) • _co,_s__,..,~ 
Rin 

(12) 
{IO cot 

13 1/2 (B+c) 

14 1/2 (B-C) 

B 

54012 1 

(8) 
.. 

20.06 

tan 1/2 (R-C) • ~!; gg cot (8) 

56001' 16:90 

-o 20 

53°52' 

c 305 27 

tan t 

' 
1.0928 78331 
47032 1 21:64 

Niethammer gives 
dif 

tan t 

0.94 0 49 41.09 .. .. 
19.12 56°52' 57.99 

39.00 304 46 24 .18 
+ ,,...-co_s_2_P_+_t_a_n2_cS_ -- --~-,.,----sin P 

34 

1. 0928 25492 
47032•21:16 

27.80 
0~04 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Table 12. Evaluating latitude by reversing star order 

e 

6µ(e 1-e 1 ) 

d6k 

d62 

a 

1+2+3+4-5 

a J.2 

1/-pO 

c5 
w 

cSe 

l/;t9+10) 

l/i 9-10) 

West (N-S) East (S-N) East (N-S) West (S-N) 

a Lira a Triang 
22h20m40~381 22h44ml2~739 

i 0 -0.012 

+0.274 +o.288 

+0.165 -0.205 

18 48 03.382 2 06 18.838 

3 32 37.439 20 37 53.972 

6h54m 43~ 467 .. 
51050• 26.00 

33 18 09.67 

34 43 54.17 

34 01 01.92 ,• 

-0 42 52.25 

Boss 746 

23h481T'22~217 

-0.042 

+o.281 

A Cyg 

23h56"'48~630 
-0.045 

+0.306 

-0.203 +0.278 

3 15 20.096 20 45 17.254 

20 33 02.157 3 11 31.923 

6h38Yl129~766 .. 
4904s• 43.24 

36 17 37 .94 

34 01 30.14 

35 09 34.04 

1 08 3.90 

.J/iB+c)= cos(l2) 
ta sin(ll) ctn (8) '!"' ) sin(l2) tatt~B-C • cos(ll)ctn (8) 

l/iB+c) 54032• 54:77 55042•42:11 

1f;tB-C) -o 40 38.34 1 10 18.68. 

13+14•Pw "53052• 16.43 56052•56.a5 

13-14··-P e 304 46 28.14 305 27 36.56 

tan·, ._ ±_ fcos 2P + tan2 c5 + west 
sin P - east 

17 tan ~ 1.0928 38497 

47032•29.47 

1.092861476 

47032•26.09 18 
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Table 13. Testing accuracy in determining latitude 

AT not included AT included 

Star 

East (N-S) West (S-N) 

8 Lyr 8 Tria,ng 

1 e 22h20m40~381 22h44m12.739 

2 Al+µ(0 16o) 0 -0.0012 -0.0012 -24.771 

3 d0k 0.274 0.288 

4 d6 +0.165 -0.205 

5 a 18 48 03.382 206 18.838 

6 1+2+3+4-5 3h32m37~439 20h37m53~972 3h32 12.680 20h37m29~213 

7 B•6xl5 53009'21:58 309028'29:58 53003'10:20 309022'1A:20 

8 a • B -B 103040'52"00 103040'52"00 w e 
9 tan~e sin R 0.55478 9557 0.55404 0178 w 

10 tan~ B -0.50709 7530 -0.50784 867q e 
11 9-10 . 1.06188 7087 1.0618~57 

12 sin a 0.97162 7146 

13 11/12 tan+ 1.09289 5655 1.0()289 7478 

• 47032'29"30 47°32 '29°:4·7 
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Table 14. Mean transit times and their differences for each vertical line 

Vertical 

Line 

6 

5 

4 

3 

East 

Ocular Position N-S 

0 m= .J/2 (0 1+02) 02-01 

19h36m04~85 9m28~83 

0o 

35 56.59 7 05.35 

35 50.85 4 48.23 

35 46.89 2 26.75 

.. .. 
11- 3.76 i2- 6.90 

• 1/2 < 0 1 + 0 2 > * 112 ct 2 + I 1 > 

i 
I • - A sin 6 cosec + 15 

1 

A • /cos2 6 - cos2 + 

37 

West 

Ocular Position S-N 

0- l/2c01+02> 02-01 

2oh44m57.87 9m26~88 

45 06.77 7 02.68 

45 11. 77 4 46.28 

45 15.52 2 23.78 

.. " il•-7.36 i2•-3. 72 

- 60 + w 

-E 



Table 14 shows in the first column the vertical line of. observation, in the 

second column the mean of transit times, in the third column the difference 

in the transit times all with respect to the east observation, in the 

fourth and fifth columns the data from the west observation. At the bottom 

of the table, the inclinations are shown that correspond to a direct and 

reversed instrument position. Table 15 is self explanatory. 

Table 16 shows in the second column the correct values of T after heing 

corrected for inclination, in the third column the correction M, and in 

the last column the reduced mean time. The mean time e increases from 
m 

line 3 to line 6, and 6e increases in the same way; therefore, 6e must be 

subtracted from the mean e • 
m 

Table 17 gives the values for the west transit. Here the em values shown 

in table 14 aecreased from line 3 to 6, while the corrections ae 
increased. Hence, 68 must be added to the em times. 

Table 18 shows in the last column the values of latitude as resulted for 

each line. Our evaluation shows a discrepancy of 0.15 second of arc with 

respect to Struve's method. 

East 

West 

Table 15. Corrections awing to inclination errors 

-6~043 

-6.446 -3.258 

38 

I2 - I1 

+2~750 

+3.188 

1h {I2+I1) 

-4~668 

-4.852 



Table 16. Reduction time to the center vertical line (east star) 

T M eo • e +4~668 - M m 

6 gm 26~080 lg~284 lgh35m50~ 234 

East 6 7 02.600 10.782 50.476 

4 4 45.480 4.gs1 50.566 

3 2 24.000 1.283 so. 27.5 

Table 17. Reduction til!le to the center vertical line (west star) 

T c5e eo = e - 4.852 - c5e 
111 

6 gm 30~068 lg~368 2oh45m12~256 

West 5 7 05.868 10.809 12.727 

4 4 49.468 4.994 11. 912 

3 2 26.968 1.287 11. 955 

tan p • cosec c5 cot 1/2 aa l 2 w w 

tan a- • cosec P /cos2- P- + tan2- 15-
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6 

5 

4 

3 

Table 18. Evaluation of latitude 

1'2 (/ 12 tan P p tan + 

• 
8°40'15"92 9.04835348 83041'36:30 1.06381275 

8 40 16.68 9.04806872 83 41 35.59 1.06381351 

8 40 10.10 9.05006684 R3 41 40.56 1.06380817 

8 40 12.60 9.04932931 83 41 38.73 1.06381014 

Mean value••••••••••••••••••••••+• 46046'15:49 

Struve's method ••••••••••••••••• + • 46 46 15.34 

Discrepancy 

46046'15:64 

15. 72 

15.20 

15.39 

Testing Baldini 's Method At Goddard Space Flight Center. A test of 

Baldini 's method was conducted on site at the GocMarrt Space Fli~ht Center, 

Greenbelt, MD. Ohservations were performed hy Rurlolph Salvermoser, nMATC, 

assisted by William Allen, l':TL. Each star pair was ohserved without 

reversing the instrument position and other two, in reverse 1 instrument 

position. The collimation error was unknown; therefore, it was necessary 

to consider its determination also. The latitude was computed through the 

equation 

tan + • 
v'cos 2P + tan 26 . w 

sin P 
w 

and the parallactic angle from 

where 

cotan P 
w 

cos 6w tan 6e 
• - sin 6 cot a 

sin a w 

(53) 

(54) 

a • (1 + x)(T -T )-(a -a ) + c(A +A ) + i B + i R (55) 
we we we ww ee 
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1 + x • constant to convert mean time to sidereal time 

c • collimation error 

Aw• Ae • Coefficients of collimation of west and east star 

Bw, Be • Coefficients of inclination of west and east star 

The coefficients A and B are 

Let 

cosz tan 6 A 1 
• cos6cosP B • cos6cosP • surtcosP 

cos Z • sin 6/sin + 

a • (l+x)(T -T ) - (a -a ) 
o w e w e 

I 

da • c (A +A ) + i B + i R 
w e w w e e 

a • a + da 
0 

(56) 

(57) 

(58) 

Let +o be the latitude when a is used instead of consirlering a; then, 
0 

(59) 

To obtain. df, we differentiate equation (53), we have 

cot P 
d .i.. w dP 

"' • - tan + (60) 
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dP is obtained through equation (54). We obtain by differentiation 

cos P sin P 
dP • - e w da 

sin a 
(61) 

whence 

cos p cos p 
d"' + w e da 

"' • sin a tan t 

Replacing da with the values given by equation (57), we obtain an equation 

of condition of 

cos Pw cos Pe 
dt • + tan t sin a 

Hence, equation (59) becomes 

(c{A +A )+i B +i B ) w e w w e e 

t • t i+ Ri{A + A )ic + Ri {B + B )i o- w e w e 

(62) 

(63) 

The ± sign depends whether the observations are made up with the instrument 

in the direct or the reverse position; 

i • number of the star pair 

cos Pw cos Pe 
R •------tan t sin a 
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PRIME VERTICAL TRANSIT METHOD LATITUDE OBSERVATIONS 

STAR U UT OF TRANSIT 

3388 00 16 55.959 w 
0066 00 23 14.210 E 

0045 00 33 55.499 E Assumed Latitude: 39° ol' 15" N 

3457 00 40 12.177 w Assumed Longitude: 05ho7m 18.9s w 
1488 00 50 31.446 w Date of Observ'n 29 Oct 1981 GCD 

0018 00 54 39.415 E Time Signal Station wwv 
2072 01 06 06.961 E Prel. Signal Corr'n +o.1468 

3518 01 08 37 .149 w 

Note: Chron is 5 ms 

Faster than UT signal 

s " lfi R(m+s) .200 • 0.041 • 0.62 

" " " Level Vial Constant • +o.9754 - 0.009267(0F) + 0.0001374(0F2) 

1 Revolution of the drum is 9.5ls(Tan Q) (Sec Lat) 

Std. Dev. of one "tick" • ±0~068 tan Q sec + 

GCD-29 Oct 81 STA. AIP Astro 
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Star # R.A. 6 

3388 nh 26m 00~097 20° 06' 
.. 

00.183 

38~272 
.. 

66 01 53 20 43 10.271 

45 01 18 28~195 
.. 

27 10 09.088 

3457 18 18 24.076 24 26 32.227 .. 
1488 18 45 19.007 26 38 47.158 .. 

18 00 35 54.790 33 37 13.430 .. 
2072 01 07 01.162 31 54 57.296 ... 
3518 19 00 31.606 26 16 09.649 

Table 19. Evaluating latitude, collimation, and inclination 

coefficients, forming an equation of condition 

Inst. Star Latitude West East Coeff:l.cient 

of 

Pos. h Bw Ae Re Reduction R 

.. 
D 3388 39°01' 11.15 1.896 1.035 1.920 1.079 0.473 
D 66 
R 45 39 01 18.46 -2.107 1.385 -2.307 1.673 0.327 
R 3457 

R 1488 39 01 17.22 -2.263 1.612 -3.337 2.Q34 0.220 
R 18 

D 2072 39 01 11.89 2.233 1.570 2.925 2.4% 0.248 
D 3518 

Equation of Condition 

' - h + 
(A + A ) R•c + (B i + B 

w e w w e i )R 
e 
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Pair 

1 

2 

3 

4 

l'air 1 

Pair 2 

Pair 3 

Pair 4 

Table 20. 

Inst. Pos 

D 

R 

R 

D 

.Mean Level Readings and Inclination r.orrections 

Eyepiece Time Ls 1n Lo i 

South oh 20 48.55 49. '36 -0"79 

North 0 37 50. lR -0.79 

North 0 52 49.Q2 +0.10 

South 1 08 50.12 50.02 +0.10 

Equation of Conrli t!ion 

' - 'o + c(A + A ) + (i R + i B )R w e w w e e 

' - 39001 1 11"15 + 1.806 c + il 

' - 18"46 - 1.443 c + il 

' - 11.89 + 1.281 c + i2 

' • 39 01 17.22 - l.232C + i2 

(1+4) - (2+3) 12"64-5.762c • O 

c - + 2" 194 

With this value of collimation and the values of inclination from tahle 1, 

we obtain from equations ( 1) through (9) the final values', 

Pair 

1 

2 

3 

4 

Latitude 

39001' 14:32 

14.50 

14.80 

39 01 14.62 

Mean+• 39001 1 14:56 
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eo..ents on BietU-r's Prime Vertical Latitude Detend.aation. 
Neithammer 's method for determining latitude from observations of a star 
pair·· in the prime vertical is based in deriving the exact star hour· angle 
over the prime vertical plane. Although it may be used for the stated 
purpose, it is not straightforward. 

The latitude is computed through the equation 

tan aw tan 6e 
tan + • -__,.--......,,.. • -----cos ( tw-µn) cos(te+µn) 

This equation is equivalent to the equation 

tan w 
tan d • --cos t 

v 

being t , the star hour angle in the prime vertical. An error in 
determinlng the hour angle and the value of µ will reflect in an error 

n upon the latitude as follows: 

tan·+ 
dt • - l+tan2+ tan(t -µ)(dt -dµ ) w w n 

The hour angle t is the function of the clock correction, and µ is the 
function of azimu~h; therefore, it must fulfill the following requirements: 

a. To determine the exact value of the clock correction. 

b. The azimuth of the northern end of the rotation axis, taken 
position from north to east. 

c. The instrument must be brought to within a ·few seconds of arc with 
respect to the prime vertical • 

. To fulfill these requirements, extra field work is required. Hence, to 
ensure a higher accuracy, good methods must be used in determining the 
evaluation of the constants above mentioned, which represent a clear 
disadvantage. 

Conclusion 

The Baldini equations are less complicated to apply than those associated 
with Niethammer's method, and they can lead to nnre accurate results since 
their application is more strai~htforward and involves fewer potential 
sources· of error. 
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