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Astronomy. -- "Ddamination (~t tlte ,qcograp/tical latitude (tlUl 

lon,qitude of .lfepca aml Jit/da executed in 1910-11." By 
Mt". N. SCHKLTEMA. Part 11. (Commnnicated by Prof. E. F. 
VAN m: SANDE BAKHUYZEN). 

(CommWlicated in the meeting of JWle 29, 1912). 

4. Ddermination of t/te frograpltical latitude of .Iidda and ~lecca. 

(Continued). 

Abont the results given in the two preceding tables it must still 
be noted that sorne of them in the tit'st series at Jidda depend on 
one pointing only. These tire: Nov. 23 North star T. R., No\'. 29 
North star T. L. and T. R. alld No\'. 26 and Dec. 1 South stal' 
T. L. and T. R. 

In the tir'st place we shall IlOW see what may he deduced about 
the accuracy of our observations as regaIds chance errors, frOlll a 
compal'ison of the individual results. 

If the meun error of one pointillg on a star he 

"" " of one pointillg OH the signal be . 
then we have 

m. error of the zenithpoint fol' the rnean of tlle two tllI·eadS ~ Jl 
2 

(m. error)' of a zenithdisk'lllce derived from two pointings 
1 1 

on the stat· in one position of the telescope . 2 m' +:i "-ll'. 

We may IlOW considel' tbe UI. error of a latitude (I tn be eq ual 
to that of tlte zenithdistanêe from which it has been deduced and 
thus we obtain: 

1 1 
(Jll. e.)' of (I, from one posit = I = m 2 + JP 

2 4 
1 1 1 

" 01':3 ('/ L - 'I R) = II = 4. m' + ~. ,Jft 

1 1 
" of 2- ('IL + 'I R). Hl = 4 m! 

1 1 
" of 2 ('I N- (Is) = IV = 8 rn 2 

1 1 
" of 2 ((/ N + (Is ) = V = '8 m' 

from which: 11 + 111 = I 
1 

II - 111 = 4 111. 
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We now dedure tlle val lies of I, 11, and Ht by rdinparÎng the 
individual results with their mean, th'S! of all for the observations 
at Jidda and Meera separat~Iy, afterwards for all together. In ordel' 
10 deduce in the latter ease the values of Il (just as afterwards Of 

IV) the general menn of the PL - (IR (and later on ofthe Px-- (Ps) 

lias been employed. The result was, howevel', pmctically the same 
when the two separate means were lIsed. The fit'st series of obser
vationsat Jidda has been left out of account throughont tbis investigation, 
as it was less homogeneous anti uesides C(mtailled Mr. SAI.IM'S fi1'st 
obsel'vatioJls, w hen he llad had liHle pmctice as yet. 

J idda M ecca Togetltel' 
I (+ 10".86)" = 117.96 l+ 10".91)2 = 119,08 (+ 10".88)' = 118.44 

11 (+ 9".67)' = 93.59 (+ 8".33)' = 69.40 (+ 8".99)' ~ 80.74 
IU (+ 5".29)' = '27.H9 c+ 7".05)J = 49.71 (+ 6".09Y = 37.13 

Frolll this appears very satisfaetol'ily that II + III = I, while we 
find iu the three ('Mes: 
lI-nI (+ 8".10)' = 65.60 (+ 4".44)' = 19.69 (± 6".60)' = 43.61. 

We ean now t'ompare inter .~e the val lies of 1U and il!. As the 
signals at Jidda anti Meeca were of a different kind the two 4.alues 
of M must not a priori ue aeeepted as eq nn1. The differenees found 
bet ween the mand M for the two pla(~es are, however, evidently 
not 1'001, anti we may only eone1ude from the geJleral results that 
m and- Mare about equal, on I," possibly ~I E'lightly greater thall m, 
which would also a [ll'iOl'i be probable. 

This investigation mises Ihe question whetltel' it would have been 
better tQ employ for the zenithpoint mean vallles from longer periods 
instead of the individual results, and although the value of the 
zenithpoint is gener'all)' eliminatet.l, I still wanted to exaruine this. 
Therefore the obsel'\'alions luwe also been reduced with the zenith
point from the whole of the pel'iod in which the instrument remain~d 
at one station, and then the squares of the mean error' land 11 
have again been detel'mined. As the last 3 isolated nights of observation 
at Jidda have not been used here, the \'alues of land II wel'e also 
deduced again aftel' the fh'st way of calculation. 

Thl1s we f()und: 
Jidda .Mecca Togetlter 

With indiddual zenilhpoints 
1 (± 11".00)' = 121.02 (+ 10".91)' = 119.08 (+ 10".96)' = 120.06 

11 C± 10.(2)' = 100.45 C± 8 .33)' = 69.40 (+ 9 .22)' = 84.93 
With mean zenithpoints 

I (± 9".99)' = 99.81; (+ 11".68)' = 136.54 
II (± 8 .91)' = 79.31 (+ ~ .32)2 = 86.95 

(+ 10".87)' = 118.21 
C± 9 .12)' =83.13 
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So no Împrovelllellt is fOlllld rol' all the ohsenations together; 
and although tbis is iudeet! Ilte ('ftst' fOl' Ihose at .Jidda, the vuluc 
of II remains still ('ollsiderahly highel' than the ono found fol' lIl, 
whieh shows that e\'en whr" meun valllt,s are used the meun er'rol' 
of the 7.enitllpoint has not yet beeome realI.'" smal!. 

'Ve shall IlOW eonsider the values of lY an<I V, whiel!, Ilot taking 
into êleeount the intluellees of tlexl1I'e and division-erl'ors, lIllIst be equal 

1 
10 -- m', No\\' these two flrt'OI'S must ha\'e been alrnost elilllinated 

8 
1 

in the 2" (f(X+ '/ s) owing to the nenrly equal.zenithdistanee of North-

1 
and &mthstal', bilt tlley lila.'" he ('onsiderahle ill the .l (f/ s- ot{ s), 

aJld as OJl different nigh!s eouples of difJi:'r'elll il'nithdistarH'e wel'e 
observed, the vaJue of IV /U list abo have !Iel'Il ÏJwl'eased h." th at 
inti uenee. 

1 
We now tiud, adding fol' ('omparl:'\oJl Ihc \'alues of - . lil 

2 

IV 
v 

Jidda 
(+ :r.3H)' = 11.26 
(+ 4.14)' = 17.12 

J/l.'tl'a 
(+ 4".85)' = 2:1.51 
(+ ;) .06)' = 25.f>O 

Top et /te}' 
(+ 4".14)' = 17.15 
(+ 4 .56)' = 20.7ti 

1 
-. III (+ 3 .74)' = 14.00 (+ 4.99)' = 24.86 (+ 4.31)' = 18.56 
2 

So we sec that the values fOlllld 1'01' I Vare nol ollly 1101 higher 
hut on thc ('ont/'m'y somewhat lowel' than those of V and thaI both 

1 
are alrnost equal to ;;.111, 011 whieh t1exllre and division-el'l'or's .. 
must have had sorne intluen{'e 100. F,'om this wo may roucJllde 
that the two inf)ucnces ('anno! have heen gl'oal. 

Corning now to a eonsidel'alion of the menn resnlts fol' q in tho 
different positions, we shall th'St eompare thost' with the teleseopc 

left and right. 
Denominating Ihe ('Ol'l'o('lion of the employod zcnithpoint 6.;( then 

we sec that 

Northstar T. L. 
T. R, 

Southstal' 1'. L. 
1. R. 

Thus , 

l;;d{ = - 6. ;( 

6. 'I = + 6. Z 

6. (I = + 6. Z 

'IL - (IR === + 2 6. Z 

6. q = - 6. Z q L -- 'I R = - 2 6. ;( 

(ff L - 'IR )i(S-S) = + 2 6. Z 
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tn this way we find 

from all ohservat iom; 

from those of 1911 only 

l:. Z = + 1".5 + 1".2 

+ 1 .(J + 1 .4 
The value of l:.X is fairl,)" small and almast equal la its mean 

error. The 3 parlial results Jidda 1910, Jidda 1911 and Mecca have, 
however, the same sign. In ordet· to COl'reet one-sided observations 
we have employed the value deduced from 1911, .Jidda and :Mecea 
together, + 1 ".0. 

In the second plaee we shall eonside!' the differences between the 
results from Ihe North and the Southstar. Exeept on one night in 
1910 the zenith-dislauees of the ohsel'ved stal'S lie between 10° and 
45° anti the Illeall :: is ahout 30°. The (I x -fl S therefore eontain 
twiee the flexllre fOl" a zenith-dislanee of abollt 300 and the infl uence 
of the srstematie division-errOl's 011 all arc of abont 60°, 

'Ve nO\v find: 
.Jidda 1910 

" 1911 
Meeca 

" 
from whieh follo\\'s fol' 

+ 1""', (Is - 'Is = . , 
" + 5 .6 

+0.4 

weight 5.5 

" 11 

" 
8 

all observations together 
fOl' the observalions in 1911 

+ 3".0 + 1".7 
+ 3.4 + 1 .9 

So the diffet'enees are not gl'eat. Thai the flexure of the teleS<'.ope 
would be small was 10 be expected, but our results prove also that 
the systematic division-elTOt'S of the circle canno! be gl'eat. F01' the 
reduetioll of tlle incomplete obsel'vations we alwa.n:; employed (even 
in 1910), aeeording to the reSIllts for 1911 

~ (q' .. v- (I s) = + 1".7 

In this marmer we deduced for all observation-nights values for 
i ("'."- + fr s), and the means taken from these, giving half weight to 
the nights on which only one stal' had been ohserved, were considered 
our final results. Moreover mean values have been fornled fl'om the 
results in the separate positions and from the serat'ate stars, again 
giving half weight to ineomplete observatiolls. 

So we found: 

}t{orth"tar Southstal' 
Ntlt+Stlt 
----

2 
T.L. TR. Mean T.L. T.R, Mean 

Jidda 21° 
1° S. 17"7 11'5 15"1 13"0 16"3 14"7 29' 14"5 
2° S, 23.3 19,2 20.9 15.7 16.3 16.0 29 18.5 
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Meeea 
22"1 24"5 23"3 2()"9 24"2 22"5 

The reslllts from the two series for .Jidda are: 

21° 29' 14".5 + 1".7 
2918.5 +1 .a 

~HO 

25' 23"1 

Tbe ditfeJ'enee between them a littJe exceeds the sum of their mean 
errol·s. Forming for fhe first serieti separate I'esults for the two 
obser\'ers we ohtain : 

ScHELTEM.o\ 21 ° 29' 15"1 
SALIM 13.9 

whieh are in good accordanee. 
Aftel' full consideration Ihe two series have heen uniled a('cording 

to their weights aml so ollr final I'esults are: 

(/ JIDDA 21° 29'17".0 ± 1".0 
(/ MRCCA 21° 25' 23".1 + 1".5 

5. Results (~f flte detel'lIIiuatiou ... (~f tillle. 

Tbc determinations of time were always made hJ' observing the 
altitude of a stal' iu the cast and of one in tbe west. Each star was 
ohAerved in the two positions of the instrument and each time the 
transits ovel' both the horizon lal threads were nOIOO, the instrument 
remaining e1ampOO. Hence Ihe zenithpoint fol' the mean of the two 
threads was employed in dOOneing the zenith-distance, and for t.he 
mean of the two installtt' the hou!' angJe was then computed aftel' the 
IIsual formula 

1'08 Z - 8in 'I sin tI ros t =_._._-_._-_._-_.-
co,~ (( ro8 tf 

In Nov.-Dec. 1910 the chronometer of Cummins and since the 
2nu half of January 1911 that of Dent was used for the observations. 
Tbe rates of Cummins were ,'ery groot and irreguJal' untiJ it 
stopped altogether. I therefore omit the communicatioll of tbe 
ehronometer-correctioll8 and rates fol' the first period. They were 
only used for Ihe reduction of the latitude determiuations aud tbey 
were sllfficiently accurate for that pUl'pose. 

About the determinations of time in tbe second period I shall firat 
gi,'e the necessary data to form a ,judgment of the accur&CJ reached 
as regards systematic and accidental errors. The two followillg tables 
contain for this pllrpOt'iC the 4 separate results obtained each night. 

As appears from these tables there is ouly olie determination of 
time at Meeea (Febr. 26) which is not based on aD eastern and 
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a western star, while on another night (Febr. 25) 2 eastern and 2 
western stars were observed. Fnrther, on Febr. 14 (Mecca) and 
Febr. 21 (Jidda) no zenithpoint was determined and this was derived 
fl'Offi preceding and following days. 

RESUL TS FROM THE DETERMINATIONS OF TIME AT JIDDA. 

Ij 
Star East 1I Star West 

i li 

i-~.-~-. -,--; R.i~:-il T. L. T. R. Mean i E.-W. 
! j i !J 

1911 

Jan. 25 

" 
" 

" 

" 

26 

28 

30 

31 

Febr. 1 

" 

" 

" 
H 

3 

6 

7: 

8 

" 12 

" 18 

If 20 

If 21 

" 22 

Mrch 2 

" 
3 

7537 

15.77 

24.64 

33.36 

38.61 

41.61 

48.04 

0.47 

5.08 

10.03 

28.23 

2.59 

14.12 

20.23 

26.11 

10.84 

13.89 

14.46 

23.56 

34.11 

37.24 

40.44 

47.88 

59.27 

4.57 

8.16 

27.89 

" 
7 30.96 

3.06 

14.84 

18.35 

25.42 

10.14 

14.17 

30.37 

34.11 
" 
• 

" 
" 

8 36.39 

19 

20 

21 

23 

27.96 27.28 

32.53' 33.26 

37.60 37.72 

47.84 48.75 

+ 2h 

23m 8s 63 

15.11 

24.10 

33.73 

37.93 

41.02 

47.96 

59.87 

24 4.82 

9.10 

28.06 

25 2.83 

14.48 

19.29 

25.77 

26 10.50 

14.03 

30.67 

35.25 

27 27.62 

32.89 

37.66 

48.30 

13.86 

25.57 

31.42 

36.00 

40.34 

47.41 

59.72 

5.08 

7.96 

28.51 

3.84 

14.19 

18.53 

25.14 

9.21 

14.70 

30.23 

34.94 

26.29 

34.41 

37.55 

48.32 

Proceedings Royal Acad. Amsterdam. Vol. XV. 

13.12 

23.91 

33.93 

38.05 

41.05 

47.78 

0.14 

4.80 

9.15 

29.36 

2.67 

15.81 
\ 

20.72 

25.63 

9.80 

13.83 

29.85 

35.47 

29.18 

32.78 

38.17 

47.84 

13.48 

24.74 

32.67 

37.02 

40,70 

47.59 

59.93 

24 4.94 

8.56 

28.94 

25 3.25 

15.00 

19.62 

25.39 

26 9.51 

14.26 

I + 05 05 

i + 1.63 

1-0.64 
I 
I 

i + 1.06 
\ 

i + 0.91 

! + 0.32 
I 
I 

i +0.37 

i - 0.06 

1- 0.12 

, +0.54 

1- 0.88 

! - 0.42 

1- 0.52 

1- 0.33 
I i +0.38 
i 
1+°·99 1- 0.23 

30.04 ! + 0.63 
I 

35.20 ! + 0.05 

2727.74 

33.60 

37.86 

48.08 

36 

-0.12 

- 0.71 

-0.20 

+0.22 
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RESULTS FROM THE DETfRMINATIONS OF TIME AT MECCA. 

T. L. 

1911 

Febr. 14 20s 13 

" 15 24.72 

n 16 28.24 

,,24 11.89 

,,25 11.40 

11.69 

" 26 

,,21 28.61 

Mrch 11 22.53 

" 12 21.21 

" 14 38.92 

,,15 43.49 

" 16 45.88 

11 50.40 

Star East 

T.R. 

15553 

22.43 

26.49 

13.10 

11.40 

18.:14 

29.46 

24.28 

28.05 

38.22 

42.58 

46.41 

50.29 

Mean 

+ 2h 

23.51 

21.37 

28 12.49 

,1.40 

18.02 

29.04 

29 23.41 

21.66 

38.57 

43.04 

46.18 

50.34 

T. L. 

22.04 

28.13 

12.32 

18.30 

18.55 

21.33 

28.85 

24.60 

21.00 

38.11 

42.41 

41.51 

50.32 

Star West 

T. R. Mean 

+ 2h 

195 38 21ml1-72 + Os 11 

23.81' 22.96 + 0.61 

28.86 28.80 - 1.43 

11. 26 28 11. 19 + 0.10 

11 . 10 11 . 10 - 0.30 

18.09 

22.88 

27.86 

23.63 

26.99 

38.44 

42.30 

45.42 

49.11 

18.32 - 0.30 

22.10 

28.35 + 0.69 

29 24.11 - 0.10 

21.00 + 0.66 

38.51 0.00 

42.36 + 0.68 

46.46 - 0.28 

49.15 + û.59 

\Ve must now fit'st eompal'e the reslllts obtained In the two 
positions of the illstl'ument. lf tlle ob8ened eorrections of the chrono
meter are Lt, and tlle correetion of lhe employed zenithpoint is 
designated by AZ, then we find: 

Z 
AtL- AtR 

Eastern stat· iJ. ,= + (l -------
2 

Western star t:. Z= _ a iJ. tI- - t:. tR 
2 

in which, if A t is expressed in seconds of time and t:. Zin seconds 
of are, the mean vallIe of the factor a is 13.8. 

Leaving out of account the two days on which the zenithpoint 

bad not heen determined and reversing the signs fol' the western 
stars, we find as mean result: 

AiL-AtR -----2-- = + 08.07 
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from which follows l::.Z = + 1".0, i.e. the same value as was found 
from tbe determinations of latitude 

Secondl) tbe results from tbe eastern and the western star have 
been compared inter se and the mean values obtained were: 

Jidda 23 nigbts E-W = + OS.13 
Mecea 13" + 0 .08 
Togetber 36 " E-W = + OS.11 

If tbis difference is produced by a eonstant error in tbe measured 
zenithdistances, then we find for its amount l::.z = + 0".8, while 
+ 1 N. 7 had been fOllnd from the detcrminations of latitude in 
which the average zenitbdistanee was somewhat smaller. From a 
eomparisoll of tbe separate values for E.-W. with tbeir general mean 
we find, however, as mean error of the differenee found in a single 
night ± OS.63, hence of the result from 36 nights ± 08.10, which is 
equal to file mean difference itself. The obtained l'esults are, howe
ver, satisfactol"Y, as we may conclude that no great unknown sourees 
of error have been at work. 

Disregarding a possible systematic personal error, we may further 
eonsider the mean error of ! (E+ W) as equal to that of ! (E-W), 
and we thus obtain as mean error of a chronometer-eorreetion from 
an eastern and a western star ± 05.32. 

At eaeh time-determination the Leroy watehes were compared 
with Dent. In the meantime Leroy 5180 = Dutch navy 3 had 
stopped nnd on the jomneys to Mecca only 2 or 3 watches were 
taken (2 on the first and second journeys, 3 on the third) for feal' of 
a possible mishap. Prudenee demanded Ihis, althOllb"h now that 
everything went off weil, I regret that all the wntches were not 
taken each time. Nat 11 rally the mean errors of the observed correc
tions of the watches will he somewhat gr'ealer than in the case of 
Dent, owing fo the errors of comparison. 

The following tables contain the observed eOt'rections for Dent and 
the Leroy-watches and the thence derived daily rates; tbe fh'st two 
tables according to the observations at Jidda, the next two aecording 
to those at }lecca. On Febr. 25 Leroy 4129 = Dutch nav)' 77 was wound 
np too late aftel' it had already stopped (see the tables on p. 548-ti50). 

lt is e1eady visihle from the daily rates contained in the preeeding 
tables that the time-detel'mination of Febr. 26 at Meeca, hased on 
one stal' only, has been less accurate. The same appears with even 
greater foree fol' the one of Febr. 21 at Jidda, although the ob
servations of that night are appal'ently irreproachable. 

For a closer investigation of the regularity of the watches we 
shall use the rates which have been obtained dllring file stay at 

36* 
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1911 

Jan. 25 

" 26 

" 28 

,,30 

" 31 

Febr. 1 

" 

" 
" 

3 

6 

7 

8 

" 12 

, 

M8 

CORRECTIONS DETERMINED AT JIDDA. 

DENT 2521 
LEROY 5192 

D. N.1 

M.Time, Corr. D. R. ! M.Time, Corr. I D. R. 

i I 
1h 4m 23::0 • 9h3lm: 2ml: I 

+ 5s53 . i + Os24 
7 49 

834 

7 17 

658: 

738 

7 20 ' 

6 56 

14.30 ,I 8 3 13.63 1 + 4.98 + 2.47 
24.42 7 58 8.70 I 

+ 4.51 + 1.02 
33.20 8 1 6.66 + 4.33 ,! + 1.80 
37.47 9 10 4.18 

+ 3.30 
40.86 • ,+ 3.48 
47.77 

i + 4.07 
59.90 , + 4.78 

+ 2.51 
939 2.221 

, 1+ 2.68 
9 13 i 1 56.90 . 1+ 2.47 
929 49.45 

7 56 24 4.88 1 1 41.28 
1+ 2.41 

+ 4.11 . 
8.83 10 6 45.49 658; 

+ 1.59 

+ 4.85 + 2.26 
8 16 28.50 ! 10 11 36.45 

+ 5.68, + 1.87 

10 48 25.21 + 5.92, i 

" 18 10 6 25 3.04 + 1.94 

+ 0.74 

+ 2.14 

,,20 9 30 14.74 

,,21 9 32 19.45 

,,22 1 48 25.58 

+ 4.71 

+ 6.61 

10 59 I 21.31 

10 9 20.60 

935 11.93 

LEROY 4129 
D. N.11 

Corr. D. R. 

- 2h 

9m 3582 

1.85 

854.11 

+ 2s 10 

+ 3.88 

+ 3.42 
47.25 + 4.46 
42.59 

+ 3.85 
38.66 

30.50 

20.44 

16.08 

+ 4.12 

+ 3.34 

+ 4.84 

+ 3.20 
12.48 

7 58.24 
+ 3.56. 

+ 4.09 

33.60 

23.91 
+ 4.83 

+ 3.1)3 
20.99 + 5.41 
15.71 

+ 5.48 + 1.13 - Ou 

March2 ! 10 26 ; 26 10.00 

" 

" 

3 952, 

1 820 

8 10 6 

14.15 

30.36 

35.23 

+ 4.25 

+ 4.12 

+ 4.53 

, + 4.75 

" 19 11 1 2727.68 + 5.90 
33.24 " 20 938 

+ 5.0( 
,,21 7 8 31.16 

+ 5.19 
,,23 7 23 48.19 

1122 

1022 

938 

11 7 

11 27 

11 1 

148 

8.84 

9.36 
- 0.54 

51 20.24 + 4.68 
15.76 + 0.09 + 4.52 

9.00 50 57.80 
- 0.12 + 4.35 

9.13 53.18 

- 0.21 + 5.12 

11.43 4956.82 
- 0.66

1 
+ 5.64 

12.08 I 51.28 
- 0.72 + 4.83 

'12.10 47.10 
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lEROY 4121 
D. N. 80 

M. Time Corr. 

LEROY 3565 
D. N. 81 

i; I i! 
D. R. I i Corr. D. R. 

il 

1911 

Jan. 25 

+ 2h 

9h31m 18m34s56 

1,\ I 
I1 - 3h 

. 

I: 26m44s61 ! + Is25 i! I - 6566 
11 

.. 
JO 

11 

Febr. 

.. 

" 

ti 

" 
" 
11 

11 

26 

28 

30 

31 

8 3 35.73 

758 40.70 

8 7 44.65 

9 10 46.63 

9 39 48.54 

3 9 13 53.71 

6 

7 

9 29 59.76 

7 7 19 1.94 

8 10 6 3.72 

12 10 11 10.96 

13.80 

!i 50.861 
+ 2.49 i! I - 5.83 

: 27 2.50' 
+ 1.97 :' I _ 5.60 

13.74 + 1.90 - 4.06 

+ 1.87 

+ 2.61 ' 

+ 2.01 

+ 2.42 i 

+ 1.58 

+ 1.81 

+ 0.47 

17.98 

24.46 

34.69 

52.02 

56.87 

28 3.48 

25.04 

55.30 

- 6.35 

- 5.16. 

- 5.76 

- 5.38 

- 5.88 

- 5.39 

- 5.02 

+ 0.65 • - 5.18 
18 10 48 

20 10 59 15.10 , 29 5.70 

21 10 9 

22, 935 

- 0.72 - 6.69 
14.41 12.16 

! + 1.51 - 3.85 
15.88 ii 15.92 

I' + 1.33 !: - 4.57 

March 2 11 22 
1
I 

26.58 11 52.83 

11 

" 

" 
" 
" 

3 10 22 

1 938 

8 11 1 

19 11 27 

20 11 1 

21 748 

+ 1.21 ij - 5.35 
27.74· ii 57.96 

+1.681[ -5.19 
34.41 I1 30 18.58 

+ 1.89 1I ~ 5.27 
36 11 2 

.42 1I 4.18 

- 0.02 ,! - 4.71 
! 

36.18 /31 16.02 
+0.15 -4.52 

36.33 I 20.46 
- 0.48 ,1 - 4.64 

35.91 li 24.48 
li 

LEROY 4128 
D. N. 84 

Corr. D. R. 

42.66 

41.10 

41.64 

41.18 

41.26 

40.88 

40.04 

39.66 

40.07 

39.83 

40.40 

39.89 

41.38 

40.31 

39.63 

39.95 

40.18 

40.38 

35.21 

- 0546 

+ 0.78 

- 0.27 

+ 0.44 

- 0.08 

+ 0.19 

+ 0.28 

+ 0.4? 

- 0.36 

+ 0.06 

- 0.09 

+ 0.25 

- 1.54 

+ 1.10 

+ 0.08 

- 0.33 

- 0.06 

- 0.19 

+ 0.47 

+ 0.35 
34.87 

+ 0.22 
34.68 
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CORRECTIONS DEfERMINED AT MECCA. 

DENT 2521 
t; LEROY 5192 
, D. N. 1 

: I 
M.Timel Corr. 

_:j,--~_ .. _--~,_._--~~---_.--- - ------'--'-

D. R. :.M.Time' Corr. D. R. 

1911 + 2h + Oh 

Febr. 14 10h40m 21m17s18 
+ 5s91 

" 
15 8 55 23.26 

+ 4.13 
16 922 28.08 

. + 5.M 

" 
24 ; 8 32 28 12.14 12h41m lml9s56' 

+ 5.10 : + 0594 

" 
25 838 11.86 8 16 20.32 i + 4.30 + 0.21 

" 
26 8 16 22.10 12 58 20.64 + 5.40 + 1.61 

" 
21 13 35 28.69 14 6 22.39 

+ 4.68 + 0.36 

Mrch 11 1 44 29 23.16 811 26.65 + 3.53 • ~ + 0.40 

" 
12 8 0 21.33 8 35 21.05 + 5.23 + 0.15 

" 
14 1136 38.51 13 0 21.38 + 4.01 ; - 2.45 

" 
15 12 21 42.10 ; 13 28 24.88 + 3.ö3 : - 1.39 

" 
16 12 16 46.32 13 15 ' 23.50 + 4,62: 

8 18 : 
+ 0.09 

11 7 39 50.05 . 23.57, 
- -' - . __ .-- --_._._- - - " .. - .-. ---~_. -

LEROY 4121 LEROY 3565 

I
1 

D. N. 80 ii D. N. 81 
-------·~"-"---I---·i :--

M. Time~ Corr. D. R. 
I' 

Corr. D. R. IJ I: " 'I 
i: 

1911 + 2h 1 i - 3h ;1 

I I i! 

21m47561 I 
11 

Febr. 14 Ilh 5m 25m58s53 I' 
i: 

558 11 

15 11 41 48.23 
+ 05 54 I: 

26 4.21 
- S ii 

• I 11 

+ 0.15 I - 1.01 1: 
" 

" 
16 1356 48.39 ! 11.91 'I L 

i! 
!i 

LEROY 4129 
D. N. 11 

Corr. D. R. 

- 2h 

4m32s64 

- Oh 

49 6.80 + 3s 15 
3.03 + 4.03 

48 58.81 

LEROY 4128 
D. N. 84 

"------._-
Corr. D. R. 

- 2h 

March 11 811 22 10.81 
+ 0.991, 

I· ti 55m 6593 
- 0.02 i " + 05 75 il 

12 8 35 10.85 il \i 6.11 
" 11 + 0.43 I 11 + 1.45 

" 14 13 0 11.19 
+ 0.28 I! 

11 3.00 

1328 12.08 
1\ + 1.26 

15 

I' 
I1 1.11 

" - 0.38 i 

~ 
- 1.11 

" 16 13 15 11.10 
- 0.16 I 

2.81 + 0,73 
8 18 11.51 

I, 
2.23 • 11 11 
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Jidda. Pirst we find as the mean daily rates during 4 periods offrom 
4 to 6 days each separated by journeys to Mecca: 

DF.NT D.N.7 D.N.77 D.N.80 D.N.81 D.N.84 

Febr. 6-12 + 4'72 + 2s16 + 3868 + 1'85 -5<48 +- 0·'03 

" 
18-22 + 5.77 + J.84 +4.53 +0.53 -5.22 +0.02 

March 2-8 +4.21 -0.05 +4.51 +1.64 -5.23 -0.13 

" 
19-23 + 5.33 -- 0.69 + 5.26 -0.15 -- 4.58 +0.29 

Secondly the aceidental deviations ha\'e been examined, first by 
1 .... _-

forming the mean vaille - ~/ :iE L.L. of the ditferences L. bet ween 
ti 

two subsequent daily rates, and afterwards by comparing the mtes 
between Febr. 6 and .Mal'dl 23 themRdves with their mean value 

1 --
for the whole pel'iod and deducing the mean deyiation - V 2,'L.'L.' . 

n' 

Both these mean deviations I and Il follow here. 

DENT D.N.7 D.N.77 D.N.80 D.~. 81 D.N.84 

I +061 + O'Ht + 0,97 + 0'60 + 0'95 + 0-61 

II +0.67 + 1.29 +0.69 +0.81 +0.39 +0.29 

For D.N. 81 the mean deviatioll I becomes ± 0357, if one time-
determination is e::cluded. 

The striking tllings in these comparisons are in particl1lal' the COll

siderable acceleration of D. N. 7, o\villg to which also the mean 
devialion II is ver)' gl'eat; aÎld secondly tbc regularity of D. N. 84. 

6. Daivation of the difference of 10llgitude J idda-.i.lf ucca. 

From the COl'rections and rates of our watches given in the pre
ceding paragl:aph we must now dedu~e (he most probable val ne for 
the difference of longitude between Jidda and Mecca. Apart from 
the desirability of knowing the result yielded byeach of the watches 
an immediate combination of the results of all would be impossible, 
because of the fact that on the different journeys diffet'ent \Vatclles 
were taken and only Dent 2527 was used tlu'oughout. VVe shall 
therefore derive sepa:-ately the resnlts to which the 6 employed 
watches have led, and only afterwal'ds we shall endea\'our to derive 
from the whole of this material the most reliable {inal result. 

Whel'oos each group of observations at Jidda or at Mecca usually 
includes time-determinatio!1s on 4 nighls, detemlÎnatiol1s on 11 nights 
at Jidda, viz. from Jan. 25 10 Febr. 12 immediately precede the 
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first journey to Mecca. But of ho wever much value this long s(>riès 
is for the investigation of the watches nnd of the observations them
selves, it cannot be of any immediate use for the del'ivation of the 
longitude. The longer the periods tlH\t are discussed the greater does 
the uncertainty become in the calculatcd mtes and corrections of 
the watches, and soon its influence snrpasses that of the errors of 
the observalÏon. The great difficulty lying here in the answer to tbe 
question at what dista.nce fl'om the journey determinations of time 
may still be used to ad van tage, this wiU certainly not be the case 
for the observations in Janual'y. Fiually only the observations of 
Febr. 6 --12 have been used as a first gl'oup. 

In the following we shall indicate Leroy's watehes with the 
numbers they have in the Duteh Navy. 

a. ()hronometel' DENT 2527. 
This was taken by MI'. SALI~t on all his journeys to Meeca and 

we have therefore at out' disposal 4 groups of observations at 
.Jidda, each including 4 nights, alld bet ween these 3 groups at Meeca 
with resp. 3, 3 and 6 determinations of time. Hence the discllssion 
of the reslllts obtained with this ehronometer offe/'s the best oppor
tunity for eomparing the different methods that may be folio wed 
for the deduction of the differenee of longitude. 

This deduction must be based on the comparison of observed 
chronometer-corrections at one plaee with interpolated eorrectioJls 
with regard to the loeal time of the other, whether that interpolation 
is made directly or in sueh a way, that we represent tbe correclions 
found for both stations by forrnulae differing only in the value of 
the constant term 

An exbaustive criticism of these methods of ealculation has been 
given by W. STRl1VE on the occasion of bis discussion of the results 
of the chronometer-expeditions I) executed between Pulkowa and 
Altona. He arrived at the conclusit'n that for obser\'ations made 
during a long period with a great number of journeys in both 
directions, as in his case, the representation by one formula, which 
must then contain a rather great number of powers of the time, 
wou1d be lInpractical. Our case, bowever, is somewhat different. 
The number of journeys and tbe dl1ration of encb was mucb less, 
and, whereas our determinations of time were much less accuratè, 
we had attempted to make up for this inferiority by observing on 
several nights earh time at each station. 

1) F. G. W. STRUVE. Expéditio'l'ls chronométriques entre Poulkova ct . .Altona. 
St.·Pétersbourg 184', p. 117-128. 
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tt therefore was difficult for us to deeide whethér the dift'erent 
journeys would have to be discussed each by itself, or whether it 
would be preferabie to take two or three toget I:î er. And so finally 
it seemed best to follow both ways or rather try a number of 
different methods of caleulation. 

As the smallest group of observations diseussed together we have 
always taken those obtained during the stay at one station combined 
with those from the preceding and the following \'isit to the other 
station. Then only a real interpolation is possible, and there is besides 
ànother circumstance demalldiug this. The rate of achl'onometer:"may 
not ouly be subject to chance perturbations during the transport, 
but there mayalso take place a systematic retardation or accéleration, 
which continues thronghout the duration of the transport. So a 
chronometer-correction calculated by means of extrapolation would be 
subject to systematic errors. On the other hand it is easy to see 
that in the calculation of a chronometer-correct.ion for instance 
during a stay at Mecca from preceding and following observations 
at Jidda, the .aoo\'e mentioned error will be altogether eliruinated 
for a moment exactly bctween those of the observations ano that it 
would be small for other moments. 

In this respect therefore sueh a group of observations can _J'ield 
accurate results. A uniform retardation or acceleration, howeyer, 
cannot be taken account of in this way but ,'el'Y i~perfect~y. This 
will become clear when we represent the chronometer-corrections 
bl' formulae. These will then contain terms with the square of the 
time, and it wiJl be easily seen th at in a combination Jidda-Mecca--:
Jidda the influence of su eh a term and that of an error in the 
difference of longitude will not differ greatly. Ir, however, a co~
bination Mecca-Jidda-Mecca is also discussed then the influence 
of a quadt'atic term on the differenee of longitude wiII h~.ve the 
re verse sign. Henee it will be possible to eliminate that influenee 
by forming combinations of the two kinds and taking the mean of 
their results. This approaches alread.y the caleulation of aquadratic 
formula from a longer period. 

I shall now eommunicate the numerical reslllts obtained by means 
of Dent 2527 using the different methods of calculation. 

1. Res'Ult.~ from tlte separate journeys. 

Journeys to J.l1ecca (J.-M.-J.). Determinations or fÎme in Meccá 
compared ~vith interpolated values between the observations, at Jidda 
immediately before and af ter the journey. 
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jst journey 
+ 2rn 

Febr. 14 37835 
" 15 37.57 
" 16 36.60 

2nd journey 
+2m 

Febr. 24 35844 

" 
" 
" 

25 35.65 
26 34.49 
27 34.39 

Mean 34s99 

Mean of the 3 journeys + 2rn 35526 . 

3rd jou1"ney 
+2m 

Mrch 11 34875 
" 12 33.52 
" 14 34.55 
" 15 33.77 
" 16 32.66 
" 17 32.55 

-------

Mean 33s63 

• loumey.'l fo Jidda (Jfe-J-Jfe). Treated in exactly the same wa,)' 

they gave the following reslllts. 

l st journey 
+2111 

Febr. 18 36s2H 

" 
" 
" 

20 35.53 
21 36.37 
22 35.38 

_Mean 35"89 

2nd joul'Jwy 
+21ll 

l\larch 2 32812 
" 3 32.53 

" 
" 

7 ii4.75 
8 34.90 

Mean of the 2 journeys + 2m 348 73. 

Tbe combinations Jidda -Mecca-.Jidda have also been caJculated 
by means of linear formulae, i.e. the corrections of the chronometel' 
detel'mined at Jidda and at Mecca have been represented resp. hy 
formulae a + 6(t-to} and a' + b(i-t.), from which the unknown 
quantities were solved aftel' the method of least squares. The difference 
a' - a gives 11S tbe difference of longitude, Ol' when a provisory "allle 
COl' this difference had been applied, the correetion needed by that 
value. Of the 3nl group of oosel'vations at Jidda Mal'eh 2 and 3 
have only been used for the 211d jomney to Mecca, March 7 and 8 
only for tbe 3rd • 

So we found: 
1 st journey + 2rn 35162 (± LS17) 
2nd 

'I 35.62 (± 0.65) 
3,-d 

" 32.93 (± 0.91) 
Mean + 2111 34872 

The values in bracketR are the mean residual errors in the 
observed chronometer-correetions, when they are represented bJ' the 
calculated formulae, 

2. ResuÎts from tlte wlwle of t/te material. 
We have represented the observations oy formulae of. the serond 



- 17 -

555 

and third degl'ee 

and 
a , + b(t-to) + c(t-to)' -+- d(t-to)J 
a 

from which the values of the unknown quantities have been dedueed 
by the method of least squares. 

Five solutions have been found. 
I by means of qlladratic formulae 
II by means of formuLae of the 3rd degree 
III hy means of quadratic formulae, eorrecting the data beforehand 

for the supplemental'y "transport-rale". 

IV Like I, but giving half weight to the 6 obcervations of the 
3rd series at Meeea. 

V Like IU, but giving half weight (0 the 6 observations of the 
3rd series at Mecca. 

Defining the supplementary "transport mte" E. as the excess of 
the daily mie during transpol't on that of the stationary cbl'onometer 
and putting T for the dl1l'ation of a transport, we have as supplemen
tary eOl'rection of the chronometer aftel' eaeh journey 

l::. corr. - l::.slat eorr. = suppl. eorr. = T. E. 
Now l::. corr. conld be detel'mined from the time-de~ermillation 

next preeeding and next following the transport, and yet be found, 
fol' the mean of two joul'neys to and fro, independent of an assumed 
value of the differenee of longitude, while l::.stat eorr. eould be derived 
fl'om the daily l'ates in the intervals next preceding and next 
following tbe transport. 

In this way we found for the suppl. eorr. aftel' eaeh transport: 
1 st journey to M. and back + 2s 22 

2
nd 

" """ " + 1.54 
3rd + 1.60 " ",," " 

Mean intluenee of one single journey + 18 79 
i. e. the transpol't caused a l'etardation. This value was employed to 
correct the data for solutions UI and V. 

The solutions IV and V were executed not to give undue weight 
to the 310 stay at Mecca with 6 observation-nights, overagainst the 
lat and 2nd with 3 and 4 nights, sinee fot eacb stay there are clearly 
left systematic errors. Febr. 26 was left out in allsolutions. The ä 
solutions gave for the difference of longitude. 
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I + 2m 33873 (± 1884) 
Il 33.80 (± 1.85) 

III 33.92 (± 1.58) 
IV 34.23 (± 1.73) 
V 34.38 (± 1.47) 

Tbe mean errors in brackets have the same meaning as above; 
:in sOlutions IV and V they refer to observations with weight ullity. 
Of all these solutions the 5th seems to me certainly to be preferabie. 
I have, bowe,"er, eommunicated also the olher results, since they 
show the influence of the different waJs of treating the obse1'vations. 
On the other hand I shall not give the 1'esu1l8 of a discussion of 2 
:suc<!essive journeys to Meeea together. The thus ootained formulae 
do . not repl'esent the observations better than the formulae dedueed 
fl'om the 3 journeys together. 

'Tbe final result for Dent 2527 I should like to deduce as follows·: 

The 3 journeys .J.-M.-J. l st meth. 
211d meth. 

+ 2m 35826 
34.72 

The 2 journeys M.-J.-M. 

General 801l1tion 
Adopted nnal result 

Mean 
~_._~_ .. _-
+ 2m 34"99 
+ 2 34.73 

Mean + 2m 34"86 
+ 2 34.38 
+ 2 m34"62 

(1'0 be continut!d). 

lA'Btronomy. - "Determination of t/U3 geograpltical latitude anti 
longitlUIe of Jfécca anel Jidda e.xecuted in 1910-11." By 
Mr. N. Scm:T.TEJlA. Part 111. (Commllnirated by Prof. E. F. 
VAN DE SANDE lhKHUYZEN,) 

(Communicatcd in the meeting of September 28, 1912). 

6. Derivation of i/Le ditference of longitule Jidda-Jfeeca. 

(Continued). 

b. Watc/t N°. 7. 

Watch N'. 7 was taken on the 2nd and 3rd journeys to Yecea. 
JlUring the wholeperiod of the observ.ations it clearly showed a 
progressive aeeeleration. ÁJ)y direct influenee of the transport, how
·~er.,.W88 llOt clearly visible; nor was this 80 much to, he feared for our 
i>ar8tiilil ,transportedpocket-chronometers asfor -the box-chronometêlr 
of Dent.· 


