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pass ûve (>3 cutting band c. Fl'om this is evident that a, band care 
jivefold 1'igld lines. 

With a l'ight line 111 tlllough Ok the seroll (a, {J, y) has thirteen 
points lying in Die III eommon, so Hs/image m' (right line through 
Die) cuts 'l~30 Iikewise in 13 points lying olltside Ok. 'lf e eoneillde 
from this that the fom points 0 are seventeenfold on ~30. 

So the l'ight lines OkO, lie OH this sUl'faee; that the)' are fourfold 
l'ight lines eau be shown in th is manner. 

A'3 Die and 0, are nine-fold on (a,{1,i) the right line OkO, is cut 
olltside those points by 22-18=4 trans\'el'sals of the curves a, {J, r; 
the images of thebe right lines are conics through Ok and Ol resting 
on Om 011 , b, c and cl and fOl'ming with 0 111 011 a (>3 of the systel!l. 

The seetion of 'l~30 with Ol O2 Os ean consist outside the th ree 
fourfold right lines only of A> conics ; these are easy to indieate. In the 
first plaee we ean bring thl'Ollgh Ol'02'0~ a eonie eutting band C; 

it is ('ompleted to a (>3 byeach of the two l'ight lines out of 0 4 
resting on the conie and on cl. Then the sections of d and of the 
transyersal with 0 4 to band c with 01>02 ,03 detel'mine a conie 
forming with the indieated transversal a (>3. So we have in 01>0

2
,08 

three double and thl'ee simple conics ; with the three fourfold right 
lines they form a section of order 30. 

On ~30 lie therefore J seventeenfold points, 3 fivefold, 6 fourfold 
and 36 simple l'ight lines, 12 double conics and 36 simple eonies. 

Astronomy. - "Contribzttions to t!te deterndnation of geogmphical 
positions on the West coast of Africa. 111." By O. SANDERS. 
(Oommunieated by E. F. VAN DE SAKDE BAKHUYZEN). 

(Communicated in the meeting of May 30, 1908). 

1. Intr'ocluction. 

. Aftel' a stay in Enrope during the winter 1902-1903 I returned 
io Portuguese West Afriea. and remained there until the autumn 
1906 when I again went to Elll'Ope for some time. 

During this period 1903-1906 I have onee more tried to eontri­
bute to the determination of geographieal positions in these parts as 
mueh as time [l,nd cil'eul11stanees allowed. Oil'cumstanees, howevel', 
wel'e aften unfavoneable to my observations, and henee the results 
obtained are less than I had desired and expected at fil'st. 

The reRults obtained may be ranged undel' three heads. 
1. lVew detel'minations at Cldloango. In November and Decembel' 
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1903 I made here a new series of determinations of' latitude by 
means of zenith distances in the meridian. But I did not succeed 
in secUl'ing new data with which to correct the determination of 
the longitude, and at last I have entil'ely given up this plan, until I 
ehould possess a telescope of the required dimensions for the obser­
vation of occultations of stars 1), because the observations of the 
latter will certainly lead to a greater accuracy in the determination 
of fhe longitude than can be attained by llleans of lunar altitudes 
with my l'elatively small instrument. 

2. Determinations of ast1'onomical coorclinates at different stations 
in the Chiloango dist?'ict. On two journeys, one to N'Kutn on the 
upper course of the Ohiloangoriver from 22 to 31 December 1903 
and a longer journey through l\1ayombe 2) in J une 1904, I was 
able to make detel'minations of latitude and longitude. The reason 
why these could not be made oftenel' lies chiefly in the peculiar 
difficulties attached to the transportation of the instruments especially 
of the chronometers. The best way of tl'ansporting them is by water 
by means of a canoe, and even then one must constantly pay 
attention to avoid shocks caused by trees floating down the river. 
When the chronometers had to be transported by land, I used a 
hammock suspended fi'om a long stick carried by two negroes ; while 
mounting hills they tried to keep the stick as much horizontal as 
possible. 

Another circumstance which makes it difficult to obtain accurate 
results is that these excursions can be undertaken only during the 
dry season, when the nightly sky is as a rule O\'ercast, so that one 
must také reCOUl'se to observations of the sun, and lastly in many 
parts one meets with great difficulties in finrling a proper dwelling pI ace, 
because prosperons negro villages, which formerly existed, are al most 
entirely depopulated and turned into desert in consequence of the 
trypanosomosis, which has raged there. 

On my journey in December 1903 the instruments were entirely 
transported by water, first by steamer to Mayili then by canoe to 
N'Kutu. At this lattel' station 1 secured determinations of latitude and 
longitude. 

The journey through Mayombe in June 1904 also began by steaming 
up the Ohiloango- (or Loango-) river to Mayili. Wethere arrived on 
June 2 and I made a time determination in order to control the 
longitude determined pl'eviously. We th en travelled by land to 

1) I received for some time past (1907) a telescope of ZEISS of 80 mmo aperture 
and 120 cm. focallength, wilh which I have already made some experiments. 

2) 'rhe name of a part of the Chiloango district. 
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Chimbete (June 3) and th en pel' canoe up the river to WKutu. The 
fit'st transport by bnd, when the carriers were not yet accustomed 
to their uncommon task, unfortunately caused a pertm'bation in 
at least Olle of the two chronometers, which appeared from the com­
parióons betweell them. 

Also at N'Kutu I made a time determination on June 5, in order 
to obtain another result for the longitude of that place. On June 6 
we continued our journey by land of ten a,long very difiicult roads 
through woods and over hills and some times across smail streams. 
We first went to the no1'th east as far as N'V yellele, a village 28,5 
kilometers no1't11 east of N'Kutu (June 7), and then we travelled to 
the west during three days until J une 10, when we reached Bnku­
Zan, a village on the Luali, a tributary rlVer of the Loango. 

On June 13 and 14 we made a,n excursion from Buku-Zan to the 
north to ,M'Pene Kakata, but the rest of the time until June j 6 
I stayed in the fOl' mer place and avalled myself of this opportunity 
to determine its longitude and latitude. 

On June 16 we returned from Buku-Zan to N'Kutu. This time 
we went directly to the south east, and aftel' we had cove1'ed a 
distanee of 38 kilometers we arrived at N'Kutu on J une 17. Thence 
we returned by the way we had come via Chimbete and lVIayili to 
Chiloango (18-23 June). In the mean time I secllred determinations 
of latitude and longitude at Chimbete. 

3. Connection of a g1'eat nwnbel' of seconclary points with the 
ast1'onomically dete1'minecl stations, by means of cOlnpass cli1'ections and 
distances. It was my intentlOn to form by means of my a,stronomical 
determinations a net of primary points with whieh I might eonnect 
a great number of intermediate points whose relative positions I 
had determined on many journeys' by means of eompass directions 
and distanees, in order thllS to I'each also for the latter a satisfadory 
aeeuracy. In this I have partIy succeeded, but tor the southern part 
of the district it is still necessary to make the astronomical deter-

'mination of one and if possible 2 stations on Lhe Lukuia river, 
Chipondi and perhaps Pouro, the more so as the prehminary result 
of my secondary detel'minatlOn of the station Lemba on tlus river 
differs much from th at whieb Mr. CAB RA had obtained some years 
ago, when he determined the demarcation between the Freestate and 
Portuguese Congo. 

1 sha11 try to fiH up this gap. But the difficulties at'e especially 
great in these parts, as the trypanosomosis has badly raged here 
of late. At any rate it will be desirabie to put off till later the 
eommunication of my secondary ueterminations. 

.I'j 
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CORRECTIONS AND RATES OF THE CHRONOMETERS. 

Date 

1903 May 15 

20 

25 

June '10 

27 

July 3 

10 

17 

C)-_0 

Aug. 4 

24 

oct. 12 

19 

Nov. 5 

tG 

20 

Dec. 20 

HJ04 Jan. - 3 

Û 

17 

22 

29 

Febr. 9 

20 

March 4 

31 

May 12 

23 

30 

June 24 

Aug. 1 

Sept. 30 

Oct. H 

ITemp 
• C. 

h 
8 1 2 

8 1 5 

8 4 

8.1 

8.1 

8.3 

8.2 

6 

8 

° 
2 

5 

° 
0 

8 1 

8.5 

8.1 

8 2 

5 

2 

8.4 5 

8.1 ° 
7.9 3 

8.5 3 

7 9 8 

5 8.0 

8.0 4 

8.4 3 

7 9 7 

8 2 0 

8 4 4 

8 4 

8 ° 
8 2 

8 ° 
8.0 

7.8 

8.3 

7.7 

8.3 

7.9 

° 
:'> 

3 

8 

8 

° 
7 

° 
° 
° 

8 2 1 

24.5 

24 0 

22.0 

19 6 

19.6 

19 7 

20 1 

19 1 

9 7 

21 ° 
24.4 

25 6 

25.5 

26.0 

25.6 

25.3 

25.3 

25.7 

25 "-

25 2 

25.3 

25.8 

25.8 

25.7 

25.5 

245 

24.4 

20.9 

21.2 

23.8 

Chrono Hewitt I Chrono Hohwü 

Corr I D. Rate I ~~~~~ I Corr. ID. Rate 

m s m s 
+47 59 03 +4û 55 03 

s 5 S 
58.38 -013 -1 25 56 38 +027 

57 24 -023 -1.23 57 24 +0.17 

38.13 -074 -124 48.13 -0.35 

31.41 -096 -0.86 45.4'1 -039 

26 06 -089 -0.79 40.06 -089 

18 71 -1.05 -0.97 32.71 -1.05 

11.17 -1 08 -110 27.57 -0.73 

1 98 -1.15 -0.\)3 20.48 -0.89 

+46 51.06 -1.09 -1.01 15 06 -0.54 

41.03 -0.50 -0.52 8.53 -033 

41.88 +0.02 -1.08 13.38 +0.10 

44 45 +0.37 -1.03 17.95 +0.65 

5435 +058 -0.80 21 8:'> +0.23 

+47 2 31 +072 -0.7R 22.81 +009 

4 32 +050 -090 23.92 +0. 28 

17.97 +0.46 -0 sn 48.97 +0.83 

28.08 +0 72 52 08 +0.2'l 

2870 +021 -1.11 53.20 +0.37 

35 56 +0.62 -080 +47 0.50 +0.67 

37.35 +0.30 -0.99 5.35 +096 

40.79 +049 - 0.81 10 79 +0.78 

45 9J +0.47 -0.85 19.43 +0.78 

55 41 +0.8û -059 21 41 +018 

+\8 8 09 +1.02 -0.43 30.69 +071 

38 47 +1.10 -0.32 43.47 +0.47 

+41) 13.51 +0.83 -0.55 +48 8.01 +0.58 

14.83 +0.12 -1.00 '18.33 +0.94 

15.66 +0 '11 -0.99 2,(\.66 +1.1a 

22.83 +029 47.33 +0.83 

17.42 -0.14 - 0.36 +49 8.92 +0.57 

+48 58.86 -031 -0.61 20.86 +0.20 

+li9 U8 +0 Hl -079 25.98 +0.37 
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M T ITemp,1 Chrono Hewitt __ ! Chrono Hohwü 
Date . . c. I Corr I D. Rate I D20~~~ I Corr ID. Rate 

- h m 5 5 5 m 5 5 

1904 Oct. 24 8 30 24.3 +49 5 35 +039 -069 +493385 +079 

Nov. 5 8.25 24.6 10 03 +0. 39 -0.76 42.03 +0 68 

" 
10 8.25 25 1 11 93 +0.38 -090 44 93 +0.58 

" 
18 8.07 25.1 15.25 +042 -0.86 51.75 +0.85 

" 
29 7.99 25 5 19.97 +0.43 -095 +50 3.97 +1.11 

Dec. 9 8.10 25.1 26.46 +0.65 -063 11.96 +0.80 

" 
19 8.32 25 ° 28.54. +0.21 -1 03 22.0'f +111 

905 Jan. 2 8.12 24 6 31.26 +0 19 -0.96 34..26 +0 87 

" 
14 8.10 25.7 36 40 +0 43 -1 Ol 4640 +1.01 

" 
21 9.24 25 6 38.64. +032 -1.08 52. '14. +0.82 

Febr. 12 8 43 25.9 49 17 +0 48 -0.99 +51 2.17 +0.46 

" 
25 8.54 26.2 57.37 +063 -0.91 7.87 +0 44 

March 5 8.03 26.4 +50 2.23 +0.61 -1.00 6 73 -0.14 

" 
25 7 94 26.6 16 72 +0.72 -0.92 10.72 +0.20 

Apr. 21 8.22 26.6 36.74. +0.74 -090 1 24 -0.35 

June 27 8.20 24.1 50 70 +0.21 -0.82 +5057.70 -0.05 

Sept. 1 8 66 21.0 29 38 -0.32 -0.57 29.38 -0.43 

" 
3 8.64 21.6 29.36 -0.01 -065 28.86 -026 

" 
7 8.35 22.6 28.35 -0.25 -090 24.35 -1.13 

o ct. 19 8.05 24..0 33.86 +0.13 -0.86 1 86 -0.54 

" 
31 7.99 25.2 37.20 +028 -1.03 +4953.70 -0.68 

Nov. 4 8.32 25.1 40.33 +0.78 -0.50 52.53 -0.29 

" 
22 8.39 26.1 51 .46 +062 -0.91 89.96 -070 

, 
Dec. 6 818 26.3 +51 2 00 +076 -0.8~ 31.09 -0.63 

" 
16 8.20 25.6 9.58 +0.75 -0.65 23.58 -0.75 

1 906 Jan. 8 8.24 26.2 26 52 +0.74 -0.81 9.02 -0.63 

Febr. 24 8 45 26.3 +52 8.84 +0.90 -0.68 +:1811.34 -1.23 

March 11 8 37 27.3 26.09 +1.15 -0.67 +47 58.09 -0.88 

" 
21 8.11 26.7 33.93 +0.78 -0.90 48.43 -0.97 

Apr. 3 7.90 26.6 43 32 +0.72 -0.92 35.62 -0.99 

May 6 8.45 25.8 58.36 +0.46 -1.00 0.96 -1.05 
I 

"";\1 21 June 1 8.14 24.2 52~20 -0.24 -1.28 +46 29.84 

" 
18 8.09 22.7 39.07 -0.77 -1.43 1.57 -1.66 

July 19 8.fi2 20.8 8.52 -0.98 -1.22 +45 
It) , 

9.52 -1.68 
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Il. Time detel'minatiuns at Otiloango. COJ'I'ections ancl 

mtes of tlte ch1'onometers. 

In 1903 before I left fol' Africa I added to my chronometer of 
HEWITT anothel' of HOHWU. During my stay at Chiloango from May 
1903 to July 1906 I have regularly controlled both by making at 
proper intervals time detel'minations in the same way as beJoL'e by 
altitudes determined with my altazimuth. Moreover I haye daily 
intercompal'ect the two chronometers. 

With l'egard to the ~ time determinatlOIls them~elves I need only 
add to wh at has been sttid before: 

1. th at new determinations of the value of a level-part yielded 
5".4, exactly as before; 

2. that the flexnre and the division errors of the instrument were 
regulal'ly taken into account according to the formulae in "Contl'i­
b~ttions I". 

Here follow the results for the cOl'l'ections and rates of the chrono­
meters. The rates, and also the tempel'atures added to them, refer to 
the interval between the date on one line above and that on the 
line itself. The temperatures for the periods of the two journeys 
are wanting. To the "Rates HE'WITT 20° C." I shall refer later. 

I have first investigated the mtes of the chronometers with regal'd 
to the temperature and to this end I have forl1led mean rates fol' 
periods of about 2 months, in each summer and winter. 

- Period I Të.p·1 Chrono Hewitt. Chrono Hohwü. 

s s 
1903 June 20-Aug. 4 19.63 - 1 05 - 073 

5 5 
Nov. 5-March 31 1) 25.58 + 071 + 0 59 

1904 June 24-Sept. 30 21.03 - 0.24 + 0.34 

1905 Febr. 12-April 21 26.42 + 0.70 - 0.01 

June 27-Sept. 1 20.95 - 0.32 - 0.43 

1906 Jan. 8-April 3 26.83 + 0.90 - 1.10 

June 18--July 19 20.82 - 0.98 - 1.68 

For the chronometer of HEWITT I found a very distinct influence 
of the temperature and, in so fal' as I could find then, no val'iation 
with time. 

1) 1 huve exclûded the period of my jOUll1ey fr om Dec. 20 to Jan. 3. 

I 

J 
I 

I 
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For the simple means of the 4 winter and the 3 summer rates 
and of the temperatures belonging to them I find: 

hence: 

26°.28 

20 .61 
+ 08.77 
- 0 .65 

Variation per degree + OS.25 1) 

Ey means of this C'oefiicient of temperature I have reduced all the 
rates to 20°; these l'educed rates are given in the table above in 
the column: D. Rate 20° O. The simple mean value of these 
reduced rates is - 05.87, fl'om which the real mean redllCed rate 
- 05.83 differs only Iittle. Ey fOl'ming the differences between the 
reduced mtes and their mean I found for the mean error of a daily 
rate, disregarding the different lengths of the intervals between the 
time determinations: 

M.E. ± 08.225 

a very satisfactory result, especially in consideration of the fact that 
for the w hole period of more than 3 years we have adopted a 
constant rate dèpending on the temperature only. 

Fot' the chronometer of HOHWÜ the l'esults are somewhat less 
favourable. One sees at a glance a distinct variation with time which 
from 1904 seems to continue in the same sense. 

In order to derive rhe coefficient of temperature I have compared 
each summer rate with the mean of the two neighbouring winter 
l'ates and thus found: 

Rate summer-winter + 08.78 

+ 0.03 

o .05 

Aregulal' influence of the temperatul'e does not appeal' from these 
~ata and the greater value of the fh'st difference must be ascribed 
to an irregular variation in the beginning, Therefore I have accepted 
for the coefficient of temperature 05.00 and, in order to investigate 
the val'iation which is independent ot the temperature I have formed 
mean mtes fol' periods of about three months. They follow here 
togethel' with the cOl'l'esponding values for the chronometer of HEWITT 

l'educed to 20°. 

1) It was impossible to determine also a quadratic term on account of the small 
diffel'ences of temperature. Fol' the years 1901-'02 the temperatul'e coefficient 
was found to be + 05.18. 

j 
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DAILY RATES FROM PERIODS OF THREE MONTHS. 

D. Rate Hewitt D. Rate Hohwü red. to 20:> 

5 5 
1903 May 15-Aug. 4 -1.08 - 0.49 

Aug. 4-Nov. 5 - 0.90 + 0.07 

Nov. 5-Jan. 29 - 0.86 + 0.65 

1904 Jan. 29-May 12 - 0.51 + 0.55 

May 12-Aug. I - 0.56 + 0.72 

Aug. I-Nov. 5 - 0.66 + 0.34 

Nov. 5-J:an. 21 - 0.93 + 0.91 

905 Jan. 21-Apr. 21 - 0.94 + 0.10 

Apr. 21-June 27 - 082 - 0.05 

June 27-Nov. 4 - 0.72 - 0.50 

Nov. 4-Febr. 24 - 0.76 - 0.90 

1906 Febr. 24-May 6 I - 0.90 - 0.99 

May 6-July 19 I - 1.29 - 1.51 

The vuIues of this table also show the gl'eatel' regulal'ity of the 
chronometer of HEWITT fol' which only thc last rate 'shows a 
gl'eatel' eleviation. The mte of that of Homvü seems tolel'ably 
constant eluring the perioel 1903 Nov. 5-1905 Jan. 21 fol' whi~h 
the mean l'ate amonnts to + 05.61. 

Fl'om thc cJiffcrences between the single mtes in this perioel anel their 
mean we fin el, again elisl'egal'ding the lengths of the intervals : 

M.E. Daily rate HOHWÜ ± 0 5,30 
still gl'eHter than for HmwITT. But on the othcl' hanel the large 
coefficient of tcmperatnl'e of the luttel' is a elisadvantage for pel'ioels 
for whirh the tcmpel'atUl'e is not accnrately known. 

lIJ. lVew dete7'1I1inrttion of t!te lrttitade of Chiloango. 

In the months of November anel December 1903 r made a new 
deterlllination of the latitnele of Chiloango, again by altitudes obsel'veel 
with my universal instrument, with the only difference that r. mnch 
gl'eater number of stars was observed, bnt with only one pointing 
fol' each of them at the moment of 1ransit o\'er the mCl'ielian. The 
obsel'Vatiolls were al'rangeel so that 2 lJQrtllern anel 2 sQuthel'l1 stars 
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1903 DECEMBER 7 

Adopted runcorrection for 10' -0'.66 
JJ zenith point 239~59'47" 32 

Temperature and barometer for lst star 25.3 759.4-
4th 

II 24.9 759.5 
6th 

" 
246 759.6 

!2th II 24.0 759.8 

I I Read;ngs I 
Level Zenithdlst. R:.rLat. Star 

I I 
corr. 

Mier. A I Mier. B I 
I 

-5°11' 

'" Sculptoris R 264°40' 15" 39' 51" - 3'89 24°40' 12" 12 25"37 68"01 

15 51 

r> Phoenicis L W7 58 49 58 24 - 2 97 42 1 14.53 49.73 69.94 

48 23 

r> Andromedae R 280 18 7 17 42 o 00 4.0 18 8.23 46.82 64.95 

7 47 

8 CasslOpeiae L 175 5 24 5 5 + 2.59 645431.00 l' 57.47 65.87 

23 3 

I Phoeniels R 2i8 35 57 35 33 + 1.08 38 35 58.96 44.13 67.91 

58 33 

I 12.oJ '" Eridani L 187 29 33 29 15 - 2.43 52 30 26.79 66 67 

34 , 11 

,. Persel R 295 23 10 22 57 - 3 78 55 23 14.28 1 20.03 66.71 

12 56 

• Cassiopeiae L 171 38 IJ 37 56 + 0.54 68 21 44.73 2 18.50 62.93 

9 55 

'", Hydri R 296 49 0 48 39 + 0.81 56 49 1.24 1 24.44 65.02 

48 58 I 35 

'I Andromedae L 192 56 47 56 23 - 4.86 47 3 lS.C3 59.55 62.48 

45 22 

oe Arietis R 26812 3 11 38 -1.62 I '28 12 2.27 \19.75 5\).02 

5 38 

'f Eridani L 193 15 24 1455 + 2.70 46 44 35.38 58.91 64.91 

22 56 I I 
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1 Zemth 

, 
Latitude 1,~ Date Star 

I 
dist. 

N. R IN. L. I I s L. 
I 

, S. R. J 
I 

I1 
1903 - 5°111 I 

November 28 ~ Toucam R S 600 57"42 

Zenithp. 1800 
IX Phoenicis L S 38 58"21 

IX Cassiop. R N 61 66"43 

I Cassiop. L N 65 71"99 

IX Sculptoris R S 25 49.73 

fo Phoenicis L S 42 59.27 

fo Androm. R N 40 65.53 

v Piscium L N 32 71.42 

~ Cassiop. R N 65 67.73 

Meao 66 56 71 70 53 58 58 74 

December 2 I Cassiop L N 65 67.85 

Zenithp. 2100 '" Sculptoris R S 25 57.~1 
111 

fo Androm. R N 40 67.85 

67.851 
~j 

Meao 67 85 57 91 
I1 

December 6 IX Sculptoris R S 25 60.98 t 

Zenithp. 210° fo Phoenicis L S 42 6435 

fo Androm. R N 40 69.94 

~ Cassiop. L N 65 69.59 

I Phoenicis R S 39 63 53 

IX Eridani L S 53 59 45 

Meao 69 94: 69 59 62.26 61.90 

December 7 IX Sculptons R S 25 68.01 

Zenithp. 240° fo Phoenicis L S 42 69.94 

fo Androm R N 40 64.95 

~ Cassiop. L N 65 65.87 

"I Phoenicis R 5 39 67 91 

IX Eridal11 L 5 53 66.67 

'f Persei R N 55 66 71 

e Cassiop. L N 68 62 93 

7 
l'roceedings Royal Acad. Amsterdam. Vol. XI. 



- 12 -

Jll 

I Zenith 
Latitude 

Date Star I dis! I N. R I N. L. I s. R. I s. L. 
I 

- 50 11' 

Dec. 7 co nt. IX Hydri R 5 57° 65"02 

'j Androm. L N 47 62"48 

ot. Arietis R N 28 59"02 

'f Eridani L 5 47 64"91 

Meao 63.56 63.76 66.98 67.17 

December 10 ö Cassiop. L N 65 6311 

Zenithp. 2700 "I Phoenicis R 5 39 6808 

ot. Eridani L S 53 69.66 

'f Persei R N 55 61.18 

€ Cassiop. L N 68 64.79 

" Hydri R 5 57 68 58 

ft Trianguli R N 40 62.54 

'f Eridani L 5 47 71.22 

Mean 61.86 63.95 68.33 70.44 

December 14 ./ Phoenicis R 5 39\ 62 22 

Zenithp. 300 IZ Eridani L S 53 

I I 
62 88 

ft Arietis R N 26 58.41 

65.99' " Hydri R I 5 57 1 

"I Androm. L N 47 59.56 r 

f3 Trianguli R N 40 64 07 

I' Eridani L 5 47 6t.90 

ö Hydri R 5 64 64 13 

Mean 61.24 59.56 64.11 62.44 

December 15 ö Ca'Ssiop. L N 65 68.96 

Zenithp. 330 "I Phoenicis R S 39 64.05 

ot. Eridani L S 53 50,03 

'f Persei R N 55 72.49 

€ Cassiop. L N 68 68.16 

ot. Hydri R S 57 57.46 

./ Androm R N 47 6i.J6 
, 

f3 Trianguli L N 40 68.18 

I' Eridani L S 47 

68.431 

59.67 

Mean 69.82 60.76 59.35 

rL 
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were obset'ved alternately, and of eaeh of these pairs the one in t11e 
position circle to the righi, the other in tile position eircle to t11e left. 

The readmgs were always made with each of the two micros­
copes both on the preceding and on the following division. 
The cOl'rections for run and for the level reading were applied 
exactly as before (comp. Contr'ib. L p. 280), the refraction was 
derived from the tabJes of BESSRL and the declinations of the 
stars were taken as before from the Nautical Abnanac, i. e. 
from the cataJogue of NEWCOMB. Only now and then I have 
also obsel'ved stars from the BB1'line?' Jah1'buch, namely 'V Piscium, 
ó Cassiopeiae and g; Persei. To reduce them to NlmCOl\1B 1 have 
applied to them the following corrections : - 0".1, - 0".8 and 
+ 0".7, aceording to data eommllnieated to me by Dl', E. F. v. D. 

SANDE BAKHUYZEN. 

The reading fol' the zenith was assumed to be constant for each 
night and determined so as to make all the stars ag ree inter se as 
weIl as possible. By the regular aHernation of the positions of the 
instrument an error in the adopted zenith point was e1iminated almost 
e11tirely. 

The observations were made in 6 positions of the eircle, each 
differing from the next by 30°. 

As an examp1e I wi11 first give the observations of one night 
in fuIl. 

r now proeeed to give for all the observations the resulting values 
for the latitude in 4: columns: for the north stars cirrle l'ight and 1eft 
and for the south stars circle l'ig,ht and left. To these I add the 
approximate zenith distances of the stars. 

The obsel'vations at zenith point 210" are distributed over two 
nights, Dec. 2 and Dec. 6. Because it is not permissible to ('onsider 
the zenith point for the two as exactl)' equal, it seemed_ bettel' 
to exclude from the observations of Dec. 2 the on1y southern stal' 
obtained. For the rest no observations are exc1uded, not even the 
few which deviated rathel' much. 

Fol' each position of the eÎl'cle I have combined the results for 
the two positions of the instrument, but I kept apart those from 1he 
nol'thel'n and from the southel'l1 stars and so r obtained: (see j). 100) 

To the results from the northern and the southern stars I have 
added theil' diffel'ences and their means. In so far as we may 
assume that the n01'th and the south stars had in tbe mean the 
same zenith distance, the former repl'esent the corl'eetions to the 
measured arcs of 2 z for errors of divisiotl + double the correction 
to the me&sured z fol' fIexme (comp. Cont1'ib. I p. 285), while on the 

7* 
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zenithPointl North stars I South stars N-S 
I 

N+S 
2-

_ 50 11' - 5° 12' 

180° 69"13 56"16 - 12"97 2"64 

210 68.81 62.08 6.73 5.41 

240 63.66 67.08 -+- 3.42 5.37 

270 62.90 69.38 + 6.48 6.14-

300 60.40 63.28 + 2.88 1.84 

330 69.12 60.06 9.06 4.59 

Mean 65.67 63.01 2.66 4.34 

same supposition the means from the DOl'th and the sou th stars are 
free from these two errors. 

To derive the errors of division and of flexure we obtain, the 
mean zenith distance amounting to 49?, with the same notations as 
before: 

a' = 2a sin 98° = - 10."16 

b' = - 2b sin 98° = + O. 83 

c' =: 2c sin 49° = 2. 66 

whence, if a stands again fol' the circle reading: 

Correction for division er1'ors tn t!!e circle reading -5."13 sin 2a- 0."41 cos 2a 

= +5."15 sin (2a-175.04) 

Correction for jlexltre to tlte zenit!! distance -1."76 sin z. 

The mean of the values in the last column Îls: 

lP = - 5°12'4".34. 

The formnIa fol' the cOl'l'ection fol' division e1'1'ors agl'ees very 
weIl with th at derived from the observations of 1900-01, which is 
of importance for the correction of my other obsel'vations of zenith 
distances. For the coefficient of Ihe flexure J had fOl'mE'rly found 
- 0."60; the difference may still be ascl'ibed jo accidental causes. 

Finally I give here the 12 separate results fOL' the latitude, each 
corrected for divi&ion errors and fJcxure. (see p. 101). 

Thei!' mean value must of course be equal 10 that of the uncor~ 
rected l'esults. Fl'om the comparison of lhe former with their mean 
we derive fol' the mean error of the final result ± 0."57. Rence 

this is: 
Cf =: - 5°12'4".34 :;l:: 0",57. " 

11:1 
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North stars I South stars 

- 5° 12' 

180° 2"72 2"57 

210 5.30 5.59 

240 5.23 5.51 

270 6.65 5.63 

3no 1.25 2.43 

330 4.89 4.29 

This result may be combined with that of 1900-01. Fol' the 
latter I adopt the first value of Contrib. I p. (2i:!4), but I estimate 
its mean error to be not less than that which I have now found. 

Thus: 
Latitude of the pie1' of observation. 

1900-01 - 5° 12' 4".01 ± 0".6 
1903 4 .34 ± 0 .6 

Together - 5° 12' 4".2 ± 0".4 

I think that the agreement is quite satisfactOl'y, 

IV. Determinations of the longitude and the latitude of N'Kutu, 
Mayili, Buku-Zan and Chirnbete. 

1. JOU1'ney of 1903 Dece1nbel' 22-31. Obsel'vations at N' f{utu, 
During this ,journey the chronometers were transported all the way 

by water, hence ext.raordinary perturbations are not to be feared. 
But the temperatnre was certainly higher than at rhe same time at 
Ohiloango; it amounted at least to 26° and may have been between 
26° and 3Q'. A comparisoll of the rate of HEWITT from Dec. 20 
to Jan. 3 with the mean reduced rate f'or those months would yield 
a temperature of 26°.4, which is of course an uncertain estimation. 
Although there is no l'eason to expect any diffel'ence in temperature 
between the ,journey to N'Kutu and the journey back, yet the uncer­
tainty about this affords a disadvantage for HEWITT and therefore, 
for the dctermination of the longitude, I have finally given equal 
weights to the two chronometers. 

The computation of the time and the latitude at a place of which 
the geographical position is unknown had of course to be made in 
successive approximations. Here I shall give only the final results. 
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'fhe observations were made in the factory of the firm HATTON 
and OOOKSON. 

Dete1'mination of tlw longitude. A time determination of 26 Dec. by 
means of 4 observations of (j Orionis in both positions of the instru­
ment, each time over 7 horizontal threads, yielded the following 
corrections of the chronometers to the mean time ofN'KuLu. Together 
with these I give the cOl'l'ections to the mean time of Ohiloango 
derived by simple interpoIation - the best thing to be done -
between 1he time detel'minations of Dcc. 20 and Jan. 3, and finally 
the l'esulting diffel'ence of longitude. 

December 26.296 (M. T. Ohiloango). 

Hohwü Rewitt 

Correction to M. T. N'Kutu + 48m48~.85 + 49m22s.35 

" " " Ohiloango 4:6 50 .29 47 22 .27 
Diffel'el1ce of longitude - 1 58 .56 - 1 60 .08 

Adopting the simple Ulean of the two resuIts, we find fol' Lhe 
longitude of N'Kutu l'elatively to Ohiloango 

-1m 598.32. 

Dete1'lnination~of the latitude. On December 29 I Becl1l'ed a deter­
mination of the latitude by 3 pairs of obsel'ved zenith distances, i.e. three 
observations in each position of tbe instrument, of {j Andromedae 
(z = 40'> North) and by 2 pairs of a Eridani (e = 53° South). 

The l'esults were: 

(j Andl'omedae 1st pair - 4°57' 9".90 

a Eridani 

2d " 11.06 

" 
Mean 

1J.24 

10.73 

Oorrected - 4°57' 5".74 

1st pair -4056'57".69 

" 
Mean 

59.81 

58.75 

OOl'rected - 4:0 57' 3".72 

Rence the mean result for the latitude is: 

- 4° 57' 4".7 

t , 
I 
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2. Joumey of 1904 June 2-23. C01'rections of the chronometers. 

As this journey was made almost entirely by lalld the ch'cum­
stances were much less favourable for the regularity of the chrono­
meters, in spite of all precautions taken. The intercomparisons, which 
were made at least once evel'y day, clearly show small irregularities 
now and then and once on June 3, when the earriers were not 
yet accnstomed to their task, as I have said before, a serious 
perturbation occurred. 

The instrnments were almos1. always carried in the shadow ofthe 
woods and only a few times they can have been exposed to the sun­
beams. We must assume, howevel', that they were subject to the 
general fall of temperature which OCCUl'R in these parts in June, and 
tllence follows th at we may not accept a constant rate for the chrono­
meter of HEWITT. 

From my regulal' thermometer readings in 1903 and 1905 I derive 
for the mean fall of temperature during Jllne 2°.18, i. e. on an 
average per day 0°.073 i this would cause a variation of rate for 
HEWITT of - OS.018 per day. On this supposition and starting from 
the time determinations at Chiloango of May 30 and J llne 24; the 
daily l'ate would have been at the beginning (May 30-31) + OS.50 
and at the end (June 23-24) + OS.08. 

As the temperature coefticient of Homvü may be con si de red zero, 
we may gather some evidence on this point from the relative rates 
during the jOlLrney. Beginning aftel' the perturbation on June 3, I 
find the following differences between the two chronometers, each 
being the - mean result iJ'om at least three compaL'isons, and derive 
from them the relative rates subjoined. 

Hohwü - Hewitt 
June 5 + 49.s00 _ 0 8 37 

10 47.17 _ O· 53 
15 44.50 _ l' 07 
20 39.17 _ O· ll2 
24 35.~0 . v 

As the mèan rate of Homvü was about + 0.s9, these values agree 
fairly weB with the assumed variabIe rate for HEWITT, which I there· 
fore adopt as the most proba.ble. For the middle of the period, June 
:12, the chronometer cOl'rection derived by means of the latter rates 
differs from that which would follow from the constant rate + 0.s29 
by 1.s36. 

A great difiiculty is caused by the pertm'bation on June 3, when 
the difference between the chl'onometel's'seems to have varied abruptly 

1 I 
h 

11 
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3 secs. It was probabie that ihis must be attributed to the chrono­
meter Homvü, which supposition seems confirmed by the time deter­
mination at N'Kutu of June 5 if we reduce it to Ohiloango with the 
difference of longitude determined in Dec. 1903, but it is undoubtable 
that we have here a ROUl'Ce of uncertainty for the following deter­
minaiions of longitude. lalready remark here that I have fmallyaccepted 
no jump in HEWITT and one of 2 seconc1s in HOHWÜ. Por the daily 
rate of the lat ter we then must accept + 05.91 instead of + 0'.83. 
In addition I remark th at [Llso for the determinations in 1904 I have 
assigned equ[Ll weights to the two chronometers. 

3. Detel'rninations of longitude in 1904. 

Mayili. On June 2 I here secured a time determination by means 
of Sirius west, and of Cl Bootis east of the meridian. The results 
obtained from the two, corrected for division errors and flexure, 
differ inter se by OS.37. 

Here follow the mean results, to which 1 have added the correc­
tions to the mean time of Ohiloango deri ved by meallS of the adopted 
rates (+ 05.91 for HOHWÜ and a variabie rate for HEWITT) and the 
difference of longitude derived thence. 

June- 2 6h5 M.T. Ohiloango 

Oorrection to M.T. Mayili 

" " " Ohiloango 

Difference of longitude 

Hohwü 
+ 49m50s.89 

+ 48 29.33 

- 1 21 .56 

Hewitt 
+ 50m36s.39 

+ 49 17.08 

- 1 19.3:1 

Mean - 1 m20s.44 

In 1902 I had found - 1m2Js.3. 

lf we had derived the correction of HOHWÜ with a rate of +Os.83, 
,the difference of longitude according to this chronometer would have 
been -1 m21s.80, while HEWITT with an assumed ~onstant rate 
would have yielded -1 m19s,89. 

N' Kutu. Here I was obliged to have recourse to the sun for 
determination of time and on June 5 I obtained the following resnlts 
from 4, obsel'\'[Ltions of the two limbs in the two positions of tlle 
instrument. I now begin by deriving the correction of HOHWü to 
the ' .M. T. of Ohiloango, without accepting a ,jump, and therefore 
with the rate + 0~.83 . 

.. - ... =;:;:;== 



- 19 -

( 105 ) 

June 5 3h.l M.T. 
HOHWÜ HEWITT 

Oorrection to M.T. N'Kutu + 5001 288.54 + 5101178.5J 
" " " Ohiloango + 48 31.45 + 49 18.30 

Difference of longitude - 1 57 .09 - 1 59 .24 
while the result of Dec. 1903 was -10159s.32. Prom this it would 
appeal' that on Jllne 3 a perturhation occurred lil HOIIWÜ and 
not in HEWI'l'T and that the jump in the former amounts to about 
2 secs., which agrees sufficiently with the obsel'ved abrupt val'iation 
in the difference between the two. 

For a more accurate investigation of the perturbation I have tried 
to ayail myself of the time determination of June 2 at Mayili, after 
ha ving reduced it to Ohiloango by means of the difference of longitude 
determined in 1902, but th is has not thrown more light on the 
subject. EverythiIlg considered I have finally accepted as lhe effect 
of the perturbation: a jump of 2 seconds in HOHWÜ. 

As to the longitude of N'Kutu itself, it will be best to use for it 
only the determination of Dec. 1903, althoug'h the new determination 
by Hl!lWITT perfectly agrees with ij, 

Buku-Zan. My observations were made in the factory of the firm 
HA TT ON and OOOKSON. For a time determination I could obtain onIy 
3 pointings at the sun's limbs on June 14. To their results I have 
added the corrections to M. T. Ohiloango according to the adopted 
computation (i. e. with a jump in HOIIWÜ and a variabIe rn.te of 
HEWITT) and also tht' difference of longitnde derived from them. 

June 14 4hO l\1.T. 
Homvü 

Oorrection to M.T. Buku-Zan + 50m13843 
" "" Ohiloango + 48 38.12 

Difference of longitude - 1 35.31 
Mean - 1 m36 "01 

HEWITT 
+ 50m57s93 
+ 49 21.22 
- 1 36.71 

Computed with constant l'ates and without an assumed jump the 
refmlts would have been - 1 m34"51 and - 1 rn38s02, hence in le8s 
good harmony. 

Chimbete. Also here (factory of HATTON and COOKSON) I could 
observe only the sun for a time determination, but I secured at least 
a complete set of 4 observations of both limbs in both positions; 
tile two pairs compnted separately differ by 0.s83. 

The results were - lhe- following i to these I have added the cor· 
l'ections to M. T. Chiloango accol'ding (0 the adopted computtl,tions, 
and the difference of longitude derived by means of them. 
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June 21 3h6 M. T. 
HOHWÜ 

Oorrection to M. T. Ohimbete + 50m 37s73 
" " "Chiloango + 48 44.46 

Diifel'ence of longitude - 1 53.27 
Mean - 1 m 53s2-:1: 

HEWITT 

+ 51 m15s73 
+ 49 22.52 
- 1 53.21 

whereas if compllted with constant rates witbout an tlssumed jump 
I would have got -1m53s03 and - 1m53s81. 

Thus the resuIts following from the two computations diffel' much 
less than for the othel' places. 

4. Dete1'minations of latitude 1'n 190-:1:. 
Buku-Zan. Fol' a determination of Ihe latitude I could abs erve 

only on June 15 one star in the south, {j Oentauri. Of tbis star 1 
obtained 8 pointings distributed equally over the two positions. 

The l'esults wel'e: 
1st pair gJ=_-:l:0 46' 4"46 
2nd " 5.51 
31d " 8.54 
4th " 6.51 
Mean 6.26 

aud aftel' cOl'rection for division error and ilexure 
lP = - 4° 46' 11".1. 

Cldmbete. I only succeeded on June 20 in secUl'ing 10 pointings 
on a Orllcis, distributed eqllally over the two positions, with the 
following results. 

1st pair gJ = _ 5° l' 18".40 
18.65 
21.83 
20.53 
19.52 
19.78 

2nd 
" 

3ld 
" 4th 
" 5th 
" Mean 

and aftel' cOl'l'ection fol' di vision error aneL flexnre 
gJ = - 5° l' 24",5 

5. Final 1'esults, 
I finally accept the following values as the most probable results of 

my determinations of the longitude and the latitude of the four stations 
in the interîol', For the longitude of lVIayili I take the mean of the 
two deterll1inations and for that of N'Kutll I use only that of 1903. 

Mayili 
N'Kutu 
Buku Zan 
Ohimbete 

L t't d Difference of longitude 
aln e 'tl Oh'l WI 1 1 aanga 

_5° 4'40" -1m20s.9 
- 4 57 5 -1 59.3 
- 4 46 11 - j 36.0 
- 5 1 25 -1 53.2 

,I 


