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Ástronomy. - "Pl'eliminal'i/ invest7~ljl7tion into the rnotion of tAe 

pole of t!te eCl1't!t in :1907." By Dr. H. J. ZWIERS. (Communi
ea,ted bJ Prof. E. F. VÀN DE SANDE BAKHUYZlm.) 

In 1910 I started investigatiolls into the motion of the momentalT 
rotatitHl-pole of the eal,th since the beginning of the year 1890. 
Besides the general seientific importance of snch an analysis, espeei
ally for the futme explmtation of the mthet' complicated phenomenon, 
another I'eason prompteu these investigations, i.e. the desire to arl'Ïve 
at a safe basis fOl' a qniek rednction of some observations of 
deelination with the Leyden mel'idian circle. For often enough 
starplace~ must be redllCed soon aftel' the day of obsel'vation, 
even befOl'e anything is known qbout the momentary "alue of the 
latitude, which is one of the most important element~ of I'eeluction. 

The geneml l;ëslll!S of these investigations I hope to publish befol'e 
101lg. At, present I desil'e onlJ 10 communirate some preliminal'Y 
resulls abont a pel'turbation in tIte reglliar motion of the pole, whieh. 
must have taken place in the COlll'se of 1907. 

Early in my investigations I found, th at, while the motian of the 
pole up to the beginning of 1907 eould be repl'esented by simple 
formulae WWl tolerabIe acenmcy, later obscl'vations showed gl'eat 
eleviations. Ol'iginally only the l'esnlts of the observations up to 
1908.5 wel'e known fl'om Prof. ALBlmCH'l"s different pnhlications, 
and the lapse of time aftel' the moment of the pel'turbation was too 
short to determine accumtely its nature and the Ol'bit uescl'ibed 
afterwards. In N°. 4414 of the Astronomische Nach?'ichten ALBRECHT 
gave tbe polm' co-orclillutes fol' the perioel :1908.0 until 1910.0, and 
in t.he fil'st clays of J une 1911 in A8tl'on. lVnch?,. N°. 4504 a con
tinLlation of the table of these co-ol'dinfites was published by him, 
as far as the eommencemenL of 1911. This enabled me to investigate 
more closely into the time anel the probable nature of the disturbanre. 

Without dealing with it in detail, I must fil'st give here some 
l'esldts of m)' earl ier in ,·estigations. 

lt appearecl, tbnt from 1890.0 antil early in 1907 the 1I10tion ofthe 
pole could be allalysed into a yearly ellipse anel an approximatel.r 14-
monlhly - eit'cIe, tlle motion in boUI being from W. to E. Tbe polm' 
cO-Ol'dinates may be tlms repl'esented by: 

{G = g + tUl +.'U2 I 
y=11 +.lfl + Y2 I • (1) 

in which the indices 1 l'efer to the co-ordinates in the yearly ellipse, 
tIte indices 2 la the 14-monthly circle, while S and 11 represent the 
co-ol'dinates of the mean pole. 
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I commencecl my calculations by deducing a1so for the periorl 
IR90.0 to 1R99.8 tbe value of Ihe yearly z-tel'm, found aftel'wal'd'3 by 
KTlIWRA, as far as the publisbed observations would allow it. The 
separate l'esults came out with considel'able lI11cel'tainty, but htking
thc mean of tlte values, found fol' z- fOL' Lhe corresponding tenth 
parts of tbe diffel'ent yeal's, I al'l'ived at 10 mean values, which 
wel'e repl'esented as weil a'3 pORsible by the following Hinnsoïd: 

z = + 0"0043 sin tI' + 0"0221 cos 1" 
in whicb tf' is being connteel fl'om the beginning of tbe ycal·. 

From the values of l::.!p, cOl'rectE'd tOl' this z-tel'm, I cOlllpuLed 
thc l'ectangulal' polal' co-ol'uinates .1' anel /I fOl' that pel'iod, '30 thaI I 
obtaineel a continuous, anel homogeneously l'ednced sel'Ïes of these 
cO-Ol'dinates, ft'om 1890.0 up to 1908.5. Fl'om t11is I deduced in 
til'st appl'oximalion Ihe elcmellts of the yeal'ly component fOl' thl'ec 
pedods: 

a from 1890.0 to 1897.0 
b fl'om 1895.5 to 1902.5 
c from 1901.0 to 1908.0 

taking each time 7 yeal's together in ol'der to elimillate the Hecond 
component, wbose peL'Ïod was thns in th is th'st appl'oximation sup
posed 10 be exactly 14 111011ths. 

For these three pel'lods I found a yeal'ly ellipse, showing slight 
variations in si ze and shape, and in the position of tbe axes. This 
need not to be a cause of wonder, ho we vel', when we accept changes 
of mainly atmospheric nature, e. g. val'}'ing distl'iblltion of atmospheric 
pl'esSUl'e, acC'umulation of snow anel iee in winter, as the ('hief factol' 
in hl'inging abont this component. 

A single l'esult of this investjg'ation deserves to bc shortly men
tioned here. 

While fOl' the pel'iods a and b tbe zel'o-valnes of g and 1) pl'oved, 
that the adopted ol'igin of co-ol'dinates coincided practicall'y exaC'tly 
witl! the real mean poIe, I found in this fil'st approximatioll tOl' the 
centrai co-ol'dinates in the pel'ioel c: 

S = + 0" U09 1) = + 0".032, 

These values indicate, that for the later yeal's the adopted Ol'lglll 
eleviates sensibly fl'om Ihe mean pole. The obsel'vations of tbis peL'iod 
have all been Hlftde at the six intel'llntional latitude stations, allCl 
hnve been rednced Ulufol'mly by Prof. Ar,BHEcII'l' in bis Resaltrzte 
Bnd. I, lL anel lIL The ol'igin of co·ordillates chosen by him, and 
adopted as "mean pole", coincides fair I,)' ncclll'ately with the centre 
of thc Ol·bit of lhe pole l'esultillg fl'om the Obscl'vations from 1899.9 
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nntU the beginning of the year 1901, which wel'e fit'st discussed. 
AI,BRECllT'S methoel of reduction must then for 5nbsequent yeal's 
always conduct to the same "mean po1e" anel could not give an)' 
answer to the question of its se('ular 1110tion. Onl,)' an ana1ysis of 
thc total motion can give t"t critel'În111 for this question lJl the con
stancy or othel'wise of the cO-Ol'dinates of the centl'e found aJter 
subtmcting the periodical components, 

From tbe thl'ee yeal'ly ellipses, comuinccl with g ancl11, I calrulaied 
thl'ee serieb of vn,}ues of g + ,7\ and 1) + Yl fl'om 0:1 to 0.1 year, 
The fit'st series was uscel fOl' the pedoel 1890.0-18935, the serond 
rOl' 1899.0-1899.9 and the il1ll'd fOl' 1904.5 and folJowmg yea]'s. 
The vailles fol' tbe intel'l11cclw,te yem's W81'e obtaineel b)' simple 
lIlterpohtion. SubtmciiIlg these values from tIJ anc! y, I obtained a 
cOlllinnous sel'ics of values of :uJ and !/2' which Rel'ved as a fh'st 
appl'oximation of the second component. This sel'ies I dividecl in (,wo: 

A: 1890.0 to 1899.8 B: 1899.9 to 1908.0 
twd lil'si of all I eleduced (he length of the pel'iod from translts 
ihl'ough (he axes of co-ol'clinates. I found: 

from A : P2 = 1.198 year 
from B: P2 = 1.174 yeal'. 

Provisiona1Jy I decided on aclopting a general mean va1l1e, and 
C'olllputed from A anel B togethel': 

p~ = 1.188 year = 4:341 clays. 

I examined th€' shape of the second compollent fol' th ree parts of 
the whole intel'val, and found thl'ee ellipses, whieh agl'eed inter se 
so elosely, that there was no objection to taking them togethel' in 
olie lllean or bit : 

'02 = + 0."123 sin 1/'2 - 0."057 cos t1'2 
Y2 = + O. 061 sin "'2 + O. 126 co8'1'2 

in which t1'2 bas been counted f'I'OIll 1890.198, and increr.,ses yearly 
with 360°: 1.188 = 303.°0:3. 

Taking the two periodical tel'111S togethel', we find: 

Pmctically boUI 
) . 

::;0 thai the seeond 
o.t' neal'ly 0."14. 

iU 2 = 0." 136 sin ("'2 + 335,°1) 

Y2 = 0."140 sin ('1'2 + 64.°2) 

amplitudes are eqnal and the phases cliffel' 90°, 
component appeal's to be a cil'cle with n radius 

Thc co-ol'dinates 'C2 and y~, computed f1'0l11 the abovc fOl'mnlae, 
wel'e now used to invE'stigate Lhe yearly COll1pol1l'nt in second 
appl'oxinmtion, Fot' the pI'esent I l:lhall only mention the l'eslllt I 
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obtuilled fVl' Lllc pel'iod 1904,6 to 1907,5, whicb pel'iod immediafely 
pl'ecedes the perfm'bation in 1907, As co-ol'dinates of the mean pole 
I found: 

g = + 0,"001 1] = + 0,"040 

ill goocl accOl'danrc wifh t/lOSC mcnti6Îlecl abovc, Thc elliplical co
ol'diwlles bcmulle 

(/'1 = - 0,"07.5 'Si711~1 - 0 "019 cos l/J l 1 
,'1/1 = + 0."001 sin 1/1: - 0."053 cos 1/11 \ • (2) 

ill which t''r has been connt.cd fl'om the beginning of the yeal'. 
This .ready component of Ihe molion was supposecl to be constant 

fOl' Lhe whole period 1904.0 till 1911.0 n.ncl I climinished the :v anel 
i! l'csnlt.ing fl'om the obsel'vn.tions with these :cl anel Vl' Fl'om tbe 
l'esidual vallles fol' g + ''V2 anel 11 + Y2 I compntecl, adopting for the 
lellglh of the pOl'iod the :valnc fOlmd above: 434.1 c1ays, two ellipses, 
1 0 fol' the pCI'Îod 1904.0-1907.0 alld 20 fol' 1908.0-1911.0. I found: 

{ E -_ --L (1."013 0 "11~ . (/ + 199 °2) 
1904.0-1907.0 I 

1 

O,J ,1:2 =. v szn t'2 •. 

11 = + 0."044 .lf2 = 0."121 sin (t/12 + gSS.03) 

'tfJ2 bcing' counted f1'om 19040 

190.3.0 -1911.0 
\ g = + ('."OOS iV 2 = 0."252 sin (1/12 + 2S6.01) 

1 1) = + 0."037 ~r2 =-:: 0."249 sin (1/12 + \ 10,°4) 

1/12 being counted fl'om 1!:J09.0. 
Both Ol'bits are so nearly cil'culat·, th at I substituted for them the 

two f'ollowing circles; 

19040-1907.0 
iV 2 = O."l1S sin (1/12 + 179.°3) 

Y2 = O."l1S cos (1~2 + 170.°3) 

l 11)2 = 0."250 sin (t/12 + lS8.07) 
1908,0-1911.0 

,1)2 = 0."250 cos (1/12 + 18S.07) I 

1'12 being COllnteel tor both from 1907.5. 

, . (3) 

Fol' these fOl'll1ulae (3) I have not yet clerived the mean error 
Observ.-Comput., bnt when we considel', that AJ"BREcH'f estimates 
tbe 111ea11 erro1' of each of his polal' co-ol'dinates iC and ?I at ± 0".02, 
Lhe results I found, j nstity t.he following two conclusions: 

1. the co-ordinates of the meal1 pole have l'emained nnaltel'ed 
since 1904.0; 

2. the compnted difference in pbase of 9°,4 is too slight to be 
ttl1swereel for, the mOl'e so, as a somewhat smaller value of P2 1) seems 
not improbable. . 

'rherefore I accepted fol' both periods: 

1) Of. the last paragraph of this paper. 
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Epoch 

1904.0 
.1 
.2 
,3 
.4 
.5 
.n 
.7 
.8 
.9 

'1905 0 
,i 
.2 
,3 
,4 
.5 
.n 
.7 
.8 
. !J 

'1906.0 
.'l 
.2 
,3 
.4 
.5 
.6 
.7 
8 

.9 
1907.0 

1908.0 
. '1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 

'1909.0 
.1 
.2 
.3 
.l~ 
.5 
.6 
.7 
.8 
.9 

'1910.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 

! 
.9 

191'1.0 

TABLE t 

Observation 

x I y 

- 43 
-146 
-170 
..!- 162 
- 94 
+ 1 
+ 87 + '151 
+ '181 
+ 148 
+ 92 
- 1'l 
-121 
- 144 
-'1::\1 
- 82 
+ 1 
+ 84 
+ 122 
+ 148 
+ 'J03 
+ 36 
- 35 
- 78 
- 102 
-100 
- 73 
- 35 
- 9 
+ 'l4 + 44 

- 81 
+ '14 + 11,8 
+ '195 
+ 233 
+ 209 
+ 134 
+ 29 
-114 
- 2'10 
- 257 
- 242 
-162 
+ 7 
+ 189 + 289 + 318 
+ 266 
+ '109 
- 72 
- '184 
- 262 
- 296 
- 231 
- 73 + 120 + 268 
+ 326 + 299 
+ 195 

(+ 2) 

- '141 
- 86 
+ 5 + 97 + 183 + 211 
+ 175 
+ '123 
+ 55 
- 28 
-101 
-11\4 
- 125 
- 54 
+ 38 
+ J27 
+ 182 
+ 189 
+ 145 
+ 68 
- 6 
- 55 
- 62 
- 34 
+ 14 
+ 72 
+ 112 
+ '133 
+ '133 + 13!) 
+ 122 

+ 193 
+ 227 
+ 204 
+ 136 
+ 41 
- 67 
- 141 
-165 
-152 
- 89 
+ 29 
+154. 
+ 268 + 327 
+ 303 
+ '180 + 26 
--114 
- 207 
- 253 
- 234 
- 90 + 78 + 24'1 + 327 + 345 + 266 + 88 
- 80 
- 2-10 
(- 282) 

Computation 

x I y 

- 60 
-148 
- '188 
-16B 
- 91 
+ 15 + 113 + 180 + 189 + 141 
+ 52 
- 46 
-125 
-158 . 
- 141 
- 70 
+ 3 + 80 
+ 128 + '136 
+ 105 + 49 
- 12 
- 60 
- 83 
- 78 
- 53 
- 17 
+ 15 + 40 + 50 

- 'H7 
- 28 + 76 
+ 170 + 225 
+ 225 
+ 16'1 + 50 
- 82 
- 197 
- 260 
- 248 
- '160 
- '18 + 137 + 260 + 3'11 + 272 + '152 
- 14. 
-179 
- 291 
- 315 
- 243 
- !l7 
+ 82 
+ 237 + 323 + 313 + 214 + 53 

-121 
- 7'L + 13 + 105 + 179 + 21l + 189 + 122 + 32 
- 55 
- 111 
- 'J20 
- 80 
- 7 + 78 
+ 1118 + 182 + 173 + 126 + 57 
- '12 
- 61 
- 77 
- 61 
- 18 
+ 36 + 85 
+1-17 + '12ï 
+1-15 
+ 86 

+ 215 + 247 + 227 + 157 
+54 
- 57 
- 14U 
- '19~ 
- '174-
- 9B 
+ 24. + 155 + 259 + 303 + 275 + '178 + 37 
-'108 
- 213 
- 24.8 
- 200 
- 80 + 78 + 226 

! 
322 
336 
264 
125 

- 37 
-177 
- 254 

o-C 

b.x I by 

+ 17 
+ 2 + 18 + 4 
- 3 
- 14. 
- 28 
-29 
- 8 
+ 7 + 40 + 35 + I{ 
+ 14 + 10 
- 3 
- 2 
+ 4 
- 6 + 12 

o 
-- '13 
- 23 
-18 
-19 
- 22 
- 20 
- 18 
-24-
- 26 
- 6 

+ 36 + 42 + 42 + 25 
+'10 
-'16 
- 27 
-21 
-32 
- '13 

+ ~ 
- 2 

! 
25 
52 
29 

7 
- 6 
- 4.3 
- 58 
- 5 
+ 29 + 19 + 12 

t 24 
38 
31 

+ 3 
-14 
- 19 

- 20 
- 14 
- 8 
- 8 
+ 4 o 
- 14 + '1 + 23 + 27 
+'10 
- 21 
- 45 
- 47 
- 39 
- 21 

o 
+ Hl 
+ 1H + 11 + (j + (j + 15 + 27 + 32 
+ 36 
+ 27 + 10 + 6 
+ 24 
+ 36 

- 22 
- 20 
- 23 
- 2'1 
-13 
-'10 
+ 8 + 28 + 22 + 7 + 5 
- 'I + 9 + 24 + 28 + 2 
-11 
- 6 
+ 6 
- 5 
- 34 
-10 

o + 1~ 
+ 9 
+ 3~ 
- 4.3 
- 33 
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s = +0".006 {/J2 = (2 bin (l~2 + 184°.0) I 
'1)= ~ 0 .040 Y2 = c2 cos (1/'2 + 184°.0) 

,,,here again t/'2 has beeu connted ti'om 1907.5, and fmthel" 

fl'om 1904.0 to 1907.0:j2 = 0".l18 

from 1~08.0 to 1911.0: Cl = 0 .250. 

. (4) 

Fl'om ~2) nnd (4) I now computec1, aceol'cling to (1), tbe theoretical 
vnlues of ,v nnc1 ,1/, nnd ('ompnl'ed tltem with AT,B1UWH'r'5 l'esults from 
tiie obsel'V~tlions. Table I give5 tbe I'esnlt of !lus com pal'ÏsoIl, the 
adopted uuit being 1/1000 seeond of m'c. 

The diffet'ellC'es 0-0 (Ob5el'Vntioll-Oompntation) give as rnean 
elTor of ll1y com puted \,n) Lies: 

1904-1907 : 

1908-1911' 

iJl] = ± 0'1,0204 

± 0 .0237 

while, as I said before, the mean error of au observed cO-Ol'dinate 
is estimated by AI,mmCI-IT at ± 0".020. 

I think, that from th is I may conclude, thnt withiu the admissible 
limlis of error of the obsel'vations the polm' 1110tion is l'epl'esented 
by a yearly nnd a 14-monlhly component, ns expl'cs5ed by the f01'l11ulae 
(2) and ,4). 

From this it folIows: 
1. that a change in the 14-monthly motion 1l11lbt Imvc taken plnce 

in tbe course of the year 1907; 
2. that the perturbation dld not cause nny nppreciable chnnge of 

phnse, Ol' displacement of the meal! pole; 
3. thal the change in the motion is wholly owing to n gl'adual, 

Ol' more Ol' less sndden incl'ease of the amplitude of the 14-montbly 
motion from 0".12 to 0",25, 

In the fol1owing manlIer I have attempted to detel'mine more 
pl'ecisely the verr moment and the nature of the pel'turbntion. 

FronI the forffiulae fonnd for the perlOd 1904-1907 I deduced 
the co-ordinates for 190ï.0-1908.0, sueh as they ought to have 
been, had the motion of the pole rema,ined undi&turbed, and com
pared them with the obsel'ved positions. The nnmerical results of 
this comparison are contained in Table Il. 

The columns 0-0 :yield as mean error ± 0",0461, which is fal' 
more than tlle accUl'ncy of the obsel'vations allows fol'. lVIoreovel' a 
glance a t these diffel'enees makes il clear, that although the agl'eernent 
up to 1907,3 Ol' 1907.4 may be satisfactol'Y, the cliffel'ences found 
aftenval'ds are decidedly not ndmissible, 

Secondly r cOll1pal'ed tiJe observed co-ordinates wUh those which , 
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I 
I Epoch 
1 

I 

1007 0 

.1 

.2 
I 

.3 

.4 

.3 

.0 

7 

8 

I} 1 

I 
W08.0 

( 217 ) 

TAB L E U. 

Observation 
11 

Computation 

x 
1 

y lI- x 
I 

Y 

+ 41 + 1:22 + 31) 

I 
...I- 1)5 

+ 63 + 64 + H + 64 
1 I 

+ G7 + 1:3 + 44 + :12 

+ 63 - 28 + 42 + 4 

+ 37 - û:3 + :-35 - 14 

+ 3 - 81 + 23 - 2\ 

- 4J - 03 + 4 - li 

- 101 - 17 - 22 0 

- 147 + 45 - 50 + '27 

- 137 1 + 12.3 I 70 + Ol -

- 81 + IO.:! - 7It + 104 

11 

o-C 
-I 

I 
1 

1I 
hx 

\ 

l.y 

I I ;) I -r + '27 

I + IO 
11 1 

+ 23 

U 

11} 

+ 23 32 

+ 2 40 

- 20 60 

- 47 40 

- 71) 17 

- 07 + 18 
1 07 

1 

-
- 7 

+ O[ 

+ 80 
1 

onght to follow rOl' 1907 ficcol'ding to the fOl'l1111lae found fOl' 

1908-1911. Tftble UI glves tÎle l'esnlts of tltis compfirison, 

TABLE 111. 

I 
Computation 

II 
O-C I 

1 I Epoch 

I 
x I ~ y 

I 
Ix 

1 

Ly 

1007.0 + 140 + 183 - 96 - 01 

.1 + ISO + Dl 1 - 117 27 
1 1 

-
.2 + 179 - 12 I - 1\2 + 25 

.3 i 1-1.0 - 100 - 75 + 72 

A + 'jJ - 152 - 31 + 80 

.5 - 1 - 157 + 4 + 76 

,0 - DO - 115 + 47 + 52 

.7 - 140 - 36 + 48 + Jü 

.ti - 173 + 62 + 26 _. 17 

.1} I - 155 +15.1. + 18 - 31 

I 
1908 0 I - \J6 + 210 + 15 - 26 

1 



- 9 -

( 218 ) 

As mean value of the diffel'ences betwcen obsel'vation and com
pntation we here fincl ± 0".0591, an even lesB admie.sible l'esult 
from chance el'l'OI'S than tbe valuc, del'ived fl'om Table IT. Here it 
is the di fferen cec; 0--0 frolll 1907.0_ np to ab ou t 1907.6, that 
reach ver)' abnormnJ val nes. Prom 1907.7 the agreement ma)" be 
consielel'ecl satisfactol'Y. 

This would seem to lead up jo Ihe conclnsiolJ, that Iho change 
in the seconel compollenl of Ihe polar mol ion must have taken place 
l'athet· raptelly, anel somewhere bel ween 1907.3 Ol' 1907.4 anel 1907.7. 
On closer exall1ination, 110wover, it seems to me, that tbe obset'\'a
tions do not sllilieiell tly j llsti(y this cOllclnsioJl. We may rathel' say, 
that tbe rea I pa,th of the pole dnl'Înp: the year 1907 deviates more 
anel 1l101'e ti'om the former ol'bit ('1904-1907), to approarh to that 
cleullceel frol1J the elentents fonnd fot, 1908-:1911. 

Bettel' still t.1w.!1 by tlle Tables Ir anel IJl, Ihis is slJOwn b.r the 
annexecl figlll'C, which I'epresenls tbe obset'ved path of tbe pole, anel 
t.be two compnied olles from Tn.b:e 11 and lIL The cnrve dmwll 
continuonsly shows the displacement of the pole accordillg to the 
obsel'vations j the comput,:d Cllt'ves ha\'e been l'epJ'ee.enied by cloited 
lines. The inner one l'esll]ts fl'om ihe elements fonnc1 fol' 190J-'07, 
the outer one fl'Olll those fa!' 1908-'11. 

It bad alreaely appeal'ed ft'om Tn.ble I, and the lllean e1'1'OI'S elednced 
fl'om it, that the elements (4) repl'esent t11e obs0t'vations befol'e 1907 n.nd 
aftel' 1908 with snfficient accl11'acy, and the figllJ'e shows, thai j,he 
obsel'vations in 1907 indicn.te n. gmclual rathel' than a snelden tJ'ansi
tion fl'om olle orbil 10 anothel'. TllUs 1 simply supposed, tha.t Ihe 
amplitude C2 of tbe 14-montbly eÏl'cle gl'adl1l.11ly incl'easeel in the 
course of 1907 fr011l 0".118 to 0".250, anti Ihe computation on Ih is 
bn.sis cOl'l'espond:; so remal'kably weil witb I he obsel'vcel co-ol'c1inates, 
that I thOllght it unnecessat'Y to exiend the researches still in other 
dil'ections. 

POl' a closer investigatioll mOl'eOVel', it w0111d have been necessttl'Y 
to go bark to the ol'iginal obsel'vations of the sevel'al stn.tions. 
AJ,mmcH'l"s co,ol'c1inates have beon obiained by n. pro('ess of ad,jl1st
ment, anc1 tilis tllrns even rathel' ~uclden changes into smoolh tl'ansi
tions. In the fil'Sl, place tl10 time fot, sllch an investigation was 
lackillg', anel second!)' iL l'emains to be questionecl, whethel' the accnracy 
of the separate l'esnlt::l "I'ould admit of a e1eciclecl conclllslOn. 

In formnlt1, (4) I snbstitnLed tlIerefo!'o 1'01' the year 1907: 

02 == 0" 118 + 1,11,132 \t - 1907.0) . (5) 

Combining thc l'esulting vn.lues of a.'~ alld !/2 with the yeady com-



- 10 -

( 219 ) 

ponent, allel Uw constant co-orrlinates of fhe mean pole, I obtainec1 
the computed \'alue& of i/: anel y of Ta,ble IV. 

11 Ob",vation 11 Computation 11 o-c 
Epoch 

11 1 
;1 1 11 1 

x y x y 6x t:y 

-

1007.0 
\1 

+ 44 
I 

-I- 122 I + 50 
I + 87 

1 

- 6 + 35 

.1 
1

1 + 63 
I + 64 

I + 64 
I + 58 

I 
- 1 + 6 

.2 + 67 + 13 + 73 I + 17 
! 

- 6 - 4 
, 

.3 + 65 - 28 + 73 - 30 - 8 + 2 

.4 + 37 - 63 + 53 - 70 - 16 + 7 

,5 + 3 - 81 + 12 - 91 - 9 + 10 

.6 - 43 - 6~ - 46 - 8'1 + 3 + 18 

.7 - 101 - 17 - J07 - 35 + 6 + 18 I 

.8 - '11,7 + 45 - 15~ + 42 + 5 + 3 

.9 -137 + 123 I -159 + 133 I + 22 
I - 10 

I 
1\)08.0 

I 
- 81 + 1\)3 

I 
- 117 + 214 

1 

+ 36 
I -

21 
I ---

lf 'we look at the colnllll1S 0-0, anel eompal'e them wilh the 
CUI'l'esponclillg 011 es in Tables II allel lIl, we see, IlOW Hl lleh tIJe 
agreement bE'tween obsen ation and compn{ation has been impl'oveel. 
As llleitn eJ'1'01' we 110W find ± 0".0150, whieb is even less tlmll 
{he uuecl'taiuty (m. e. = ± 0".02) of the co-ol'dinates deeluced ti'oU! 

o bser" atioIl. 
TlJc ealeuhttccl polal' (,Ul'VC, obtaillcd lJy aclopting i(Jl'llluh"t (5) IHts 

bcen l'epl'esellteel ill the figUl'c by Llnshed liIles. In juclgillg tlte 
ag'l'ecment it UUt,)' be llseful 10 l'emiJlCI, ihat the unit of 1/1000 seeond 
of tU'(', in which (he numbel's of the tables are expl'essed, l'epl'esents 
a, IOIJgtll of 31 millimeter on the Slll'/'ace of tbe earth; Lhe senle of 
the fig-l1l'c is nettrly 1: 77,5. 

No\V that we ma,)' hold it pl'oved by the fOL'egoing compl.wisom; 
thaI the observations of 1904 !lp la 1911 may all be l'epl'esellted by 
the same eloments wUh the exception of the incl'eased \'alue of c

2
, 

the question at'1Ses, iJl 110W fhl' the same clements also satisfy the 
formol' observations. Stnl1ll vl1l'intions in the yea,l'ly ellipse can be 
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easily explained by the causes mentioned above. So the questioll 
rega/rds more particularly the agL'eement in length of period a/nd In 

phase of the 14-monthly component. 
In the Archives Néerlandaiseb, Sél'ie~II, Tome II p. 479 Dr. E. F. 

VAN DE SANDE BAl\IIUYJlEN gives a summary of deducecl tml1sits through 
the positive axis of x, i e. tlll'ough the Greenwich mericlian. 

From my compulations mentioned on p. 213 1 luwe adcledJo 
this list two new epoehs, one being declllred from the observations 
of 1890.0 up to 1899.8, the oUler fl"Om those of 1899.9 up 10 1907. 
I compared the whole serIes with Ihe elements obtained by E. F. VAN 
m: SANDlt BAKHUYZEN: 

Epoch = J. D. 2408567 

Representing the eorreclions of Ihese elemellts respecti\'ely by 
a and v, we H/lTive at the following equations: 

1. Washington 1"t vert. 1862-67 u-14 v = - 26d P = 2 
2. PulkowH, vel'!. C., Pol. 18ö3-70 u-13 v = + 72 2 
3. Leyden, Fund. slm's 1864-68 u--12 v = 0 2 
4. Leyden, Polans 1864-74 u-12 'ij = - 8 2 
5. Greenw., Trans. cU'cIe 1865-72 u-12 v = + 41 1 
6. Pulk., vert. c., Fund. st. 1863-75 u-l0 v = + 23 ± 
7. Pulk., vel't. C., Pol. 1871-75 u- 8 v = + 2~ 2 
8. Pulk., 1s• vert. 1875-82 ll- 3 'ij = + 16 2 
9. Pulk., vel't. ('. 1882-91 u+ 3 'ij = + 6 .J: 

10. Greenw., trans. c. 1880-91 u+ 3 v = + 9 1 
11. Mac1isoJl 1883-90 u+ 5 'ij = - 18 1 
12. Lyons 1885-93 u+ 6 v = - 2 2 
13. Albl'echt-Zwiel's J 890-99 It+10 v = - 3 6 
14. Albrecht-Zwiers 1900-07 tt+19 v = + 30 8 

The solution of these equations by the method of least squares, 
taking the weights p into COJlsicleration, gives: 

1t = + 13d .42 v = + Od.097 

so th at the Jlew elements become: 

Epoch = J. D. 2408580 

With these elements 1 find the foIlO\O\Ting l'esiduals: 

1. - 38 days 8. + 3 days 
2. +60 " 

9. - 8 
" 3. -12 

" 
10. - 5 " 

4. -20 
" 

11. -32 
" 5. +29 " 

1~. -16 
" 

6. +11 " 
13. -17 

" 7. +15 " 14. +15 " 
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AIlltollglt tltis r:ompntatioll of p~ IJas 0111.)' a pl'olill1iuèl,I',Y chal'n,ctel', 
still I think I alll fl'eo to eoneludo, thal the agreemont between tIJe 
new anJ Uw olel obsel'\'èl.tions is as satisfactol'Y as ma.)' be expe('ted 
1'1'0111 the e10licate natuI'8 of tlJis reseal'ch. The pedoel we have now 
fOlll1c1 1'01' Hw so-caneel 14-monthl)' motion, cOl'responc1il1g with a 
yeal'l.r incl'ease of phase of 804,0.95, even bl'ings ont a closer agt'ee
lllellt bet ween the phases fol' 1907.5 l1,S e1eelnced fi'om tbe mot.iOll 
hefore 1907 anel alte)' 1908. Wïth P2 = .,1,34'1.1 we bael founel 
a e1iffol'enco of 9°.4; l'ec1ncing the phases fonnd fol' 1905.5 and 1'0)' 

1909.5 with the above mentioned value of d1.P2 1.0 1907.5 we obtain: 

fl'om 1904-1907: 

fL'om 1908-1911: 

rit 

1."2 fOl' 1907.5 = 183°.14 

1."2 fOl' 1907.5 = 184°.89. 

Tltis l'e~nlt &1'I'engthens the C0I1('111Siol1 at'l'ived at 011 p. 216, thai 
tlto portmbation of 1907 did not canse all,)' appl"eciablo ('hange of phase. 

Whon wo ·tI'y 1.0 fint! the C'1.lIS0 of the dccicleclly I'athel' snelelen 
ellt1.lIgo in the J4-mollthly Illot iû l1 , ij, 8eems natmal 10 fieel\: it in 
thc inflnell('e of mpicl clispla(~omenls of nmss ransecl 1'01' inslallce by 
vo]("1.l1ic' el'lIptiol18 Ol' eal'tlIqllakos. Pl'of. I-!J.n,!\1]<'R'1' lias all'eady cleveloped 
iheit' inflncIH'C' in Itis "J-/ii/lI'I'e (Jeodi;sû/', 11 Teil, S. 416-.,1,18, bnt 
tlto dctails of the obscn'ocl phOnOlllfl11011 me 1I0t. i~l aC'col'dallco with 
Itis l'Ofillits. Aftel' his allalysis a suelden displaf'omellt of mass Illust 
('h iell.)' (',1I1S0 ,1. chal1ge i 11 tho di I'odiotl of Uw ,1:\. i:;; of gl"ontost 1110111011 L 

or illol,tin" tho clil'Oetioll of tho i11stnntanoous nxis of l'otation re
l11aining IInchallgocl. Tho t1.l1glllal' dislt1.lleo bet.\Voon the two aXOfi is 
al1cl'ed, a1ll1 tho nxis of l'otation eontinnes rognla1'ly its motiOIl in 
a eil'('ulal' ('(ll1e nl'olllld the ncw lwineipal axis' of inel't.ia i,e. :1l'onncl 
tho now 1I1Ct1.n polo. A phenolllenOll of tllis ehamde!' woulcl tho1'o
fol'\.') aHOI' tIto positioll of the mean pole and the I11can valIlo of tho 
googmphieal ltl,litndos, whilo tho analysis of tho ous(\L'\,od facts dicl 
all tho ('ontl'èl,l'," imlicato an nnaitol'od positiol1 of the 111Cal1 po1c, 
,l,nt! n spiml t1isplaeo\11ont. of lIto polo of l'otation. 

So thc causo of t!Jc plto1l0ll1el1011 must be sought elfiowhol'c, anel 
Ul0l'O is allotltol' I)]'oblelll 10 Ile bol\'ocl by tho clyna1l1ict~1 thoo!'y of 
the polm tllotion. 

LeydP11 Obsel'vrttol'y, Juno 1911, 
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