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in taldng into account. in the caleulation of the free path of the 
eIectrons aU the frequencies which play a part in the specifie heat 
has succeeded in explaining this peculiarity: the resistance according 
to his theory diminishes at very low' temperatures only as Ts or 
as T5/2, (depending on tlle ehoice of a subsidiary hypothesis). But 
then it becomes mueh more difficult to explain the extremely smaH 
value of the possible micro-residual resistance by considering the 
super-conducting melal simply as a. metal with slightly modified ~ 
properties. It thus seems as if at the vanisbing point something 
occurs by which the smaH fl'eqnencies 10se their influence on the 
resistance although they continue to pIay a part for the specific -!?-eat. 
The spectrum of the frequencies of the vibrators which are operative 
in the resistance would thus become limited to a few high frequen
eies or at least be cut off on the side of the smaH frequencies, in 
the same way as th is happens aecording to DEBIJE on the side of 
the high fl'equencies I). 

Astronomy. - "Investigation of the inequalities of approximately 
rnonthly period in t!te longitude of the rnoon, accorrling to the 
rnericlian obse1'vations at Greenwich." By J. E. DE VOS VAN STEEN
WIJK. (Communicat~d by Prof. E. F. VAN DE SANDE BAKIJUYZEN). 

(C0!Dmunicated in the meeting of April 25, 1913). 

It is now about a year ago th at Prof. VAN DE SANDE BAKHUYZEN 
brought under my notice the ealculations that he and others had 
made to determine the corrections needed by HANSEN·NEWCOMB'S tables 
of the moon, w hieh stIll show systematie deviations. I wi11ingly 
undertook to continue his calcuIations on the errors of the longitude, 
and gratefully ttcknowledge bis frequent ad~ice ;nd ready helpfulness. 

My investigation is confined to the inequalities in the longitude of 
( 

transversal kind. Perhaps ahov!) the vanisbing point only two vIhrations play a 
part in tbe resistance, a transversal and a 10ngitudinal one, 'So that according to 
PLIlNCK the small frequency becomes prominent at the lower temperatures, and at 
the vanishing point this fl'equency changes into a vely high one, so that the ori
ginal higher one assumes the more important part. 

A rotatton in opposite senses of two neig,hbonring atoms with small frequency 
above the vanishlllg point, might perhaps, by the atomie surf aces overlapping 
below the vanishing point, change mto a rotation with hIgh frequeney. [The 
calorie mvesti-gation of what happens in passinj!: the vanishing point wil! throw 
light on thls question. As to the specific heat ahove and below the vanishing 
pomt compare the addItion to note 1 page 117. 

1) TLis raises the quest,ion whether above the vanishing point also the small 
frequencies do not in some way lose theÏl' intluence on the rcsistance all the more 
the smaller they are. 
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approximately monthly period, or to speak more accurately, periods 
diifering only slightly from the anomalistic time of revolution, which 
can also be taken as inequalities of Jong period in the eccentricity 

. and the longitude of the perigee, and to the compal'ison of them 
with the values found for the same by E. W. BROWN in his new 
lunar theory. 

My method was exactly the same as that used by Prof. E. F. 
VAN DE SANDE BAKHUYZEN, in his two papers in 1903, and previously 
by NEWCOMB iu his "In\'estigation of cOl'l'ections to HANSEN'S tables 
of the moon". -1 also used errors in R. A. instead of those in longitude. 

NEWCOMB discussed the years 1862-1874, according to the obser
vations made at Gl'eenwich and Wabhington, and in a 1ess tho
rough manner the years 1847-1858 according to the Greenwich
observations, while E. F. VAN DE SANDE BAKHUYZEN treated the years 
18~5-1902 also by using the observations at Greenwich. As theil' 
results pointed to terms in the eccentricity and the longitude of the 
perigee of about an 18 years' period, neady agl'eeing with the 
Jovian evection as found by theory, it was natural fol' me te extend 
the material discussed by VAN DE SANDE BAKHUYZEN, so as to cover 
a period of 20 years. 

I began a preliminal'Y lD\'estigation with a view to the then ap
proaching solar eclipse of April 17th 1912. I used the obser\'ations of 
the years 1907-1909 and the results of my calculations were publishecl 
in the Proceedings of th is Academy 14, 1J 80. On accollnt of the 
short period discussed, llly investigation could yield IlO l'esult of 
general bearing. 

For this first inyestigation I had applied befol'ehand to HANS EN
NEWCOMB'S tables precisely the same COl'rections as Prof. VAN DE SANDE 
BAKHUYZEN had done and when later on I began to ·work aftel' the 
more extended plan, it Wê:tS first necesf:ary to consider if any change 
needed be made in this. 

Prof. VAN D}<l SANDE BAKHUYZEN had applied to the differences f::,a, 

which are given in the Greenwich-results in the sen se calclllatiOl~ 
minus observation" the following cOl'rections: I) 

a. Corrections to the calculated mean longitude viz: 
1°. pedodie corrections ndz= + 1".69 sin D + 0".16 sin (D-.q)-

0".24 sin (D+g') + 0".09 sin g' - 0".33 sin 2D - 0".21 sin (2D-g) 2) 

1) Under the heading: "Comparisoll of the el'l'OL'S of thc Moon from obscl'\'ations 
by Transit and Altazimuth" cOrl'ecLions have been applied lo lhe /:::,.2. for the 
motion of the moon in lhe interv .. l [.:/. itself, which UI c not yet laken iuto account 
in other parts of' the ResuIts. 

~) In lhis lhe solar parallax was taken a~ ?I' = 8".796. 
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2°. a correetlon for the slowly varying err'or (secnlar term) w~ich 
was dedueed fl'om the annual meani'l of the !.ia. 

The sum of these cOl'l'eetions was l'educed to cOl'l'ections of the 
R.A. by means of NEWCOl\iB'S factors F and (v. a.). 

b. COl'l'eetions fol' pel'sonal errors in the obsel'vation of the times 
of transit of the two limbs of the moon.-

J • 

Aftel' mature considel'ation Prof. BAKHUYZEN advised me to introduce 
new corrections deduced from BROWl'\'S lunar theory and cOfl'esponding 
to the solar parn,llax t1".80, instead of those given above nnder 1 0. ~ 

In this it was kept in view, that inequaJities with smal! amplitude 
on]y need to be intl'oduced for OUl' pnrposes, when theil' period is 
approximately commensul'able with that of the lllean anomv.ly ;iJ, as 
otherwise 'their mfluence on the v.verage almost disappears. 

The new inequalities calculated by BROWN, or thcir differences '
with those according to HANSEN, were taken from the third paper of 
BATTERlUANN 1), where they appeal' on page :16-18, numbered 1-45. 

Most of them are perturbations by the planets, same of them are 
corrections to the pel'tul'batiolls due to the figul'e of the earth, and 
a few are s01a1' perturbations. The perturb~tions 23-29 hy the 
plan ets, the sola1' pel'turbation N°. 39 and tlle term N°. 44 produced by 
the figUl'e of the earth, when bl'ought into the form a sin (.1 + x) 
all show .alues of X, wlth aperiod bet ween 9 and 38 yea1's. They 
were not yet intl'oduced as they stand in immediate relation to thc 
re su lts to be derived from my investigation. 

The corl'ectiorrs introdl1ced were the following: 
+ 1".37 sin D 
+ 0".20 1 . + 0".31 i szn (D-.1) 

~ 0".20 sin (D+g') 
- 0".12 sin (2 D-g) 
+ 0".25 sin .1' 
~ 0".19 sin 2D. 

The v,t!ues of these terms were coUected in lWO new tables of 
the same farm as Nmwcol\m's tables VII and VIII. 

In order not to break the connection with tbe yeal's 1895-1902 
to~ mueh, the old correctiol1s were used fol' the yeal's 1890-1894, 
so that 1890-1902 form a. homogeneous whole. From the l'esults 
for the years 1907-1909, whieh have been calclliated with the oid 
and with the new cOl'rections. whieh gave only insignificant d~tfel'ences, 
it appeal's however, that the whole period 1890-1910 mayalso be 
(!ol1sidel'ed as one whoie. 

1) Beobachtungs-Ergebnisse del' Königlichen Stern'warte zu Berlin nO. 13 191O! 
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The year 1891 has been left out of the ealeulations, as the transit
eh'cle was not in worldng r order for some months, and the reslllts of 
the different parts of the year may differ systematieally from each oille]'. 

Further, up to 1902 only observations taken with the Transit eh'cle 
'are used, aftel' that aIso Altazimllth observatiolls, in sa far as they 
were taken in the meridian (which clid not occur befol'e 1903) and 

, finally, aftel' ::t 905 I eould also use observations of the erater Moesting A. 
The seeulal'_ term was computed for every month or two months 

from a graphical interpolation between the annnal means, givon in 
the papar by - Prof. BA:KHUYZEN in These Proc. 14, 691 nnde! thc 
heading M--NI, aftel' these vttlues: had been diminishedby a 
28th part for the motion of the moon between the moments of 
ealculated and observed transit 1). 

Finally we come to the corrections to be applied to_ the observed 
time of transit of the moon's limbo These depend prineipally upon 

Dt Trans. C. Trans. C. Trans. C. Altaz. 
limbI 1892-94 1895-1902 1903-09 1903-09 

3 - 05066 (1) - / 
-05148 (1) -

4 - 0.051 (14) - 05121 (12) - 0.020 (17) -
5 -0.035 (12) -0.069 (32) - 0.036 (29) +.09 245 (2) 

6 -0.065 (12) -0.022 (36) + 0.014 (29) +0.151 (8) 

7 +0.012 (16) -0.036 (41) +0.026 (28) + 0.140 (10) 

8 +0.014 (17) + 0.022 (50) + 0.038 (45) + 0.077 (23) 

9 + 0.072 (17) + 0.007 (46) +0.022 (42) + 0.046 (30) 

10 + 0.019 (16) + 0.002 (43) + 0.041 (39) +0.043 (33) 

II +0.012 (20) +0.011 (50) - 0.019 (44) - 0.027 (36) 

12 -0.029 (23) + 0.011 (54) -0.019 (43) -0.055 (43) 

13 +0.006 (16) +0.029 (49) +0.009 (47) -0.016 (37) 

14 + 0.012 (18) +0.007 (49) - 0.051 (31) -0.082 (28) 

15 + 0.023 (17) 0.000 (27) - 0.049 (14) - 0.081 (17) 
-

pel'sonal errors, aud can therefore in the course of yeal's undel'go 
great and irregular val'Ïations. On the othel' hand it is rlesirable, 
in order not to be too dependent npon accidental errors, not to 
detel'mine the correctiom; tOl' each year sepal'ately. 

Taking this into considel'ation, the èrrol's in observing the limbs 

~) Comp. These Proc. 14, 0:)2. 
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\vere detel'mined fol' the two periods 1892-94, ancÎ 1903--:.09, 
while 1890 and 1910, which were added later, werc connected to 
the other yeal's as weIl as possible. 

Like my predecessors I have arl'anged the b.a, aftel' applying 
all the above mentioned corrections accordillg to the days of true 
age of the moon Dt, in order to investigate whether there may e:x.ist 
a dependence on this age. These results, as weIl as those found by 
Prof. BAKHUYZEN, I give here, viz. the mean deyiation for each day 
diminished by the total mean for the limbo In the first table I have 
collected the results for limb I, in the second those fo1' limb II; 
the numbers in brackets give the' weights. 

We must remembel' th at the systematic errors of the' obSel'Vel~S are 
ollly correctl)' represented by these figllres if the theoretical COl'l'eC
tions depending on D are quite correct. 

Dt Trans. C. Trans. c. Trans. c. Altaz. 
Limb 11 \ 1892-94 18;15-1902 1903-1909 1903-09 

-

14 +05 016 (2) - Os027 (14) + 05 060 (4) 05 000 (1) 

15 -0.060 (9) - 0.065 (33) -d- 0.128 (21) + 0.034 (14) 

16 -0.003 (22) +0.023 (61) +0.057 (47) -0.002 (31) 

17 "':"0.011 (16) +0.030 (49) ;t 0. 056 (37) +0.002 (26) 

18 - 0.034 (19) -9.009 (53) + 0.103 (37) -0.061 (16) 

19 - 0.035 (19) +0.048 (45) + 0.077 (29) +0.019 (17) 

20 -0.044 (12) +0.008 (34) + 0.104 (32) + 0.080 (22) 

21 +0.007 (14) + 0.003 (31) + 0.095 (28) + 0.050 (17) 

22 +0.034 (13) + 0:013 (37) + 0.062 (29) ;-0.018 (14) 

23 +0'.085 (12) +0.017 (38) +0.033 (20) -0.048 (6) 

24 +0.110 (14) - 0.015 (31) +0.037 (24) -0.260 (1) 

25 -0.140 (5) +0.008 (19) +0.045 (17) + 0.170 (1) 
J 

26 + 0.099 (3) +0.126 (8) +0.047 (3) -

1'his condition is certainly nO,t flllfHled by the old set of corrections. 
Too much impol'tance must thel'eföre not be attached to the val'iation 
of these figUl'es and by making the cOl'l'ections too complicate we 
rUn the risk of introducing periodic terms and spoiling our results. 

NmVCOl\iB, ho wever, already indicated the possibility of one cause 
of divergence, viz. the tendenc.f' of observel's to estimate the lUoon's 
diameter smaller by day-light, that is' at ve1'y small and ve1'y great , 
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vallles of its age; in Ihe first instance this wOlllcl canse a divergenre 
in the negative dit'ection, a~d in the secol1d in the positive. 

In the rears 1892-94 this divergence seems to show itself, 
anel T therefore considereel it desirabIe to int,'odnce for these years 
'a separate ('orre~tion of + Os .06 fol' Dl = 3, 4, 5, 6 ànd one of. 
- Os .05 for Dt = 23, 24, 25, 26; aftel' applying these corrections 
the mean eleviation fol' each limb was determined at'resh. For the 
years 1895-1902 Prof. BAKHUYZEN r~jecteèl the observations for 
Dt = 4: anel 26, anel applied na furtber separate COl'l'eetions. The 
years 1903-09 do not show these particular divergencies so con- " 
spicuously anel fol' these I thought it advisable not to appIy any 
separate corrections fol' a dependence on Dt. The years ca1culated 
later, 1890 and 1910, have been brought into connection with the 
others as weIl as possible. The cOl'I'ection fol' tbe observed 1imb for 
1890 is deduced ft'om 1890-94, and th at for 1910 from 1903- 10. 

I now give the diffel'ences between rhe results from the two limbs, 
I..Jimb· I1-Limb T, computed for each year, aftel' the a}love mentioned' 
corrections had been applied. 

With one exception, these differences for the djfferent years agree 
fairly well with one another. 

Aftel' the corrections for the errors of obsel'vation of the limbs 
had been applied, a yearly mean was formed fOt· each jnstrllment, 
ba tb for the obsel'vations of tbe limbs allel of the crater, and furtbel' 
cOrt'ections were aeldeel to brin~ each class of observations into 
agreement with the tota1 mean. 

The total cOl'rection~ were finally: 

1892-94 Dt= 3, 4, 5, 6 , 

1895-99 

1900-02 

1903-09 

Dt = 23, 24, 25, 26 
II 

Remaining Obs. 1;. I 
L. IJ 

Limb 1 
IJimb IJ 
Limb 1 
Limb. 11 
Trans. c. Limb 1 
Trans. c. Limb 11 
Altaz. Limb 1 
Altaz. Limb Tl 
Trans. c. Cr. 
Altaz. Cr. 

+ 0808 
-0.08 
+0.02 
-0.03 
+0.02 
-0.02 
+0.03 
-0.03 
+0.05 
-0.07 
+0.04 
-0.01 

0.00 
+0.01 
I 

Aftel' the above corl'ectionR had been applied, the obsel'vations 
9 

P Joceedings Royal Acad. Amsterdam. Vol. XVI. 
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Li m b I1-L 1 m b I 

Trans. c. I Altazlm. 

1890 -: 05015 
~ 

1892 + 0.054 

1893 + 0.066 

1894 + 0.037 

1895 - 0.010 

1896 + 0.087 

1897 + 0.008 

1898 + 0.073 

1899 + 0.055 

1900 + 0.047 

1901 + 0.053 

1902 + 0.066 

1903 + 0.213 + 05146 

1904 + 0.145 + 0.073 

1905 + 0.098 + 0.051 

1906 + 0.104 + 0.089 

1907 + 0.130 + 0.019 

1908 + 0.082 + 0.025 
, 
1909 " + 0.107 + 0.025 

1910 + 0.045 - 0.162 

fol' each year were coJlected in groups, according to tlle value of 
{j, so that each group contained a range of 20°; the mean for each 
gl'OUp was taken to hold fol' the mean value 1'01' {j in that group. 

In this way, T got for each year' 18 equatiolls of the form 
c + h sin 9 + k cos 9 = r, in w hich c is the l'esielual errol'Ïn the mean 
10l)gitude fOl' that year and h anel k have the same meaning as in 
NEWCOMB'S investigatlOn. The errors are taken in the sen5e calculation 
minus obsel'vation. These eql1ations were now soh'ed for each year 
by the mcthod of least square5, takiug the weIghts fol' each gl'OUp 
propol'tional to the nllmber of observations. 

This gave the following l'esults: 

/ 
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1890 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

c 

+ 1"07 

+ 0.76 

+ 0.88 

+ 0.64 

+ 0.07 

+ 0.05 

- 0.36 

- 0.22 

+ 0.48 

+ 0.27 

1901 I + 0.46 

1902 - 0.16 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

- 0.05 

- 0.14 

- 0.58 

- 0.34 

+ 0.52 

+ 0.18 

+ 0 09 

- 0.09 

131 

h 

+ 1"40 

+ 0.69 

- 0.45 

- 0.32 

+ 0.29 

+ 0.66 

+ 0.57 

+ 0.51 

- 0.93 

- 1.66 

- 1.46 

- 1.18 

- 0.56 

+ 1.32 

+ 2.38 

+ 2 98 

+ 2.67 

+ 2.01 

+ 1.90 

+ 1.65 

k 

+ 0"48 

+ 0.87 

+ 1 04 

+ 1 34 

I + 0.44 

+ 1.16 

+ 1.77 

+ 2.10 

+ 2.83 

+ 1.12 

+ 0.52 

+ 0.01 

- 1.64 

- 2.32 

- 0.66 

- 0.26 

+ 0.74 

+ 1.06 

+ 2.14 

+ 2.54 

Fo!' the sake of comparison I here add the values of hand lc 
for 1909, caJculated wi-th the oId and the new cOl'rections, from 
which it appeal's that this makes Uttle diiference. 

1909 oId correction lt = + 1"81 '" = + 2"17 

new " 1t = + 1 .90 lc = + 2.14 

The best ~ way io further discuss these reslllts appeal'ed to me to 
be, that first of all the values fonnd for ft find k should be cOl'L'ected 
for BROWN'S inequalities, in which the quantities X, as defined above, 
are varying in Jong periods. 

ln' this way tor 1890-1910, and fol' the l st and 2nd series of 
NEwconlB, 1847-1858 and 1862-1874, the sum was fOl'lIled of the 
folIo wing terms: 

9* 
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I + 0" 66 sin I,q + 298°47 + 00101075 ti 
+ 0 .08 sin I [J + 92.28 - 0.020582 tI 
+ 0 .07 sin I [J + 350.40 + 0.0624,1)6 tl 
+ 0 .07 sin I [J + 179.20 - 0.062456 tI 
+ 0 .04 sin I [J + 87 .95 :+ 0.035364 t I 

Ir + 1 .14 sin I [J + 12 .85 + 0.056550 t I 
IU + 0 .44 sin I [J + 322.71- 0.026541 tI 
IV + 0 .28 sin I,q + 2 (J) + 180° I 
V + 0 .50 sin (db - 10°6) cos [J 

in which t is expressed in days connted from 1900.0. For NEweoMB'~ 
first series, on account of thélir smaller accuracy, only the 5 largest 
terms, marked here by the numbers 1- V were calclllated. 

As these corrections must be applied to the tabular vallles and as 
lt and k have been taken in the sense calculation minus observation, 
I have noV\-, indicating BHOWN'S terms by B1', fOl'med - /i, - Br 
and - k - B1', so that these àifferences repl'esent lhe corrections 
which, accordmg to the observatlOl1S, must be applied to the tables 
aftel' they have been corl'ected according to .!?ROWN. 

Af ter this the corrected values of - hand - k were freed from 
their constant parts. which depend upon the cOl'rections, which are 
still required for the eccentricity and the longitude of the perigee 
(-lt~ = + 2 de, - k~ = - 2 e n~). This was done in two different 
ways. The first time I regarded ihe mean valne& of -- 11 - Br and 
- k - B1' for each period as the constant parls to be subtracted ti'om 
the individual values. As the two following tables, Table I and U, 
show, the results thus found for - he and - kc for the three series 
ttre in fairly good accol'dance with each othel'. 

The tubles also contail\ the results - hu and - kv treed from the 
constant parts. 

A second time I bave tl'ied to l'epresent the constant parts for 
the thl'ee series together by quantities val'ying liI\early with the 
tnne. In order to be able to dispose of 4 pe1'iods of about equal 
length, I divided the last into two parts, and calculated he aud kc 
f'or each halt:'sel'les (these values diftel'ed not much from those f'or 
tlle whole series). I had therefore for each of the two unknown 
qnantities four equations of the form -hc=a+bt and -kc=a'+b't. 
To the firsr serles of NmVCOl\IB I gave a weight 1, and to each of 
the other three series a weight 3. The results found were: 

a = - 0".62 b = + 0·,.0034~ 
0'=-0".47 b'= -0".0090 

epoch 1894.5. I 

/ 
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TABLÈ I. Investigation of the h. lst calculatioÏ1. 

-h j Brown !-h-Br.j -hc j -hv 

1847.8 +0"08 +0"03 +0"05 -0"24 +0"29 

48.9 1+0.55 +0.49 +0.06 " 
+0.30 -

50.1 +0.20 +0.34 -0.14 
" +0.10 

51.2 +0.32 +0.35 -0.03 
" 

+0.21 
52.4 -0.26 +0.69 -0.95 

" 
-0.11 

53.5 -1.10 -0.14 -0.96 
" 

-0.72 

54.6 -1.45 -0.34 -1.11 
" 

-0.87 

55.8 -0.77 -0.84 +0.07 " 
+0.31 

56.9 -1.76 -1.46 -0.30 
" 

-0.06 

58.1 +0.17 -0.72 +0.89 " 
+1.13 

1862.5 -0.04 +1.74 -1.78 -0.75 -1.03 

63.5 +0.64 +2.00 -1.36 
" 

-0.61 

64.5 +1.07 +2.00 -0.93 

I 
JJ -0.18 

65.5 +1.03 +0.97 -t 0.G5 
" 

+0.81 

66.5 +0.47 +0.58 -0.11 I +0.64 
" 

67.5 +0.93 +0.28 +0.65 " 
+1.40 

68.5 -0.34 -0.54 +0.20 
" I +0.95 

69.5 -1.67 -0.46 -1.21 
" 

I 

-0.46 

70.5 -1.48 -0.25 -1.23 
" 

-0.48 

71.5 -1.65 -0.78 -0.87 
" 

-0.12 

12.5 -2.15 -0.69 -1.46 
" 

-0'.71 

73.5 -1.91 -0.71 -1.20 IJ -0.45 

74.5 -1.92 -1.37 -0.55 
" 

+0.20 
I 

1890.5 -1.40 -0.53 -0.87 -0.66 -0.21 

92.5 -0.69 -0.20 -0.49 
" 

+0.17 

93.5 +0.45 +0.13 +0.32 
" 

+0.98 

94.5 +0.32 +0.36 -0.04 
" 

+0.62 

95.5 -0.29 -0.09 -0.20 
" 

+0.46 

96.5 -0.66 +0.35 -1.01 
" 

-0.35 

97.5 -0.57 +0.95 ~1.52 
" 

-0.86 

98.5 -0.51 '+0.93 -1.44 
" 

-0.78 

99.5, +0.93 +1.64 -0.71 JJ 
-0.05 

1900.5 +1.66 +2.10 -0.44 
" 

+0.22 

01.5 +1.46 +1.51 -0.05 IJ 
+0.61 \ 

02.5 +1.18 +1.28 -0.10 
" 

+0.56 
03.5 +0.56 +0.54 +0.02 11 +0.68 

04.5 -1.32 -0.62 -0.70 11 -0.04 
'05.5 -2.38 -1.17 -1.21 JJ -0.55 

06.5 -2.98 -1.43 -1.55 11 -0.89 

07.5 -2.67 -2.02 -0.65 11 +0.01 
08.5 - 2.01 -1.52 - 0.49 11 +0.11 
09.5 -1.90 -0.78 -1.12 

" 
-0.46 

0.5 -1.65 -0.72 -0.93 
" 

-0.27 
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TABLE Il. Investigation of the k. Ist calculation. 

1847.8 -0"55 +0"80 -1"35 --0"21 -1"14 

48.9 +1.38 +0.76 +0.62 n +0.83 

50.1 +1.91 +1.44 +0.47 " 
+0.68 

51.2 +1.92 +1.20 +0.72 D +0.93 

52.4 +2.45 +1.85 +0.60 " +0.81 

53.5 +1.88 +2.03 -0.15 v +0.06 

54.6 +1.40 +1.44 -0.04 IJ +0.17 
55.8 -0.31 +1.31 -1.62 u -1.41 

56.9 -1.82 0,00 -1.82 n -1.61 

58.1 -0.66 -1.17 +0.51 " +0.72 

1862.5 -1.23 - 1.53 +0.30 -0.17 +0.47 

63.5 -1.78 -1.20 -0.58 
" 

-0.41 

64.5 -1.09 -0.06 -1.03 
" 

-0.86 

65.5 +0.15 +0.50 -0.35 
" 

-0.18 

66.5 -0.10 +0.36 -0.46 
" 

-0.29 

67.5 +0.36 +0.83 -0.47 • -0.30 

68.5 +1.46 +0.77 +0.69 
" 

+0.86 

69.5 +1.56 +0.24 +1.32 • +1.49 
70.5 +1.14 +Ó.62 +0.52 • +0.69 

71.5 +0.36 +0.64 -0.28 
" 

-0.11 

72.5 +0.12 +0.27 - 0.15 
" 

+0.02 
73.5 -0.16 +0.60 -0.76 11 

-0.59 

74.5 -0.60 +0.27 -0.87 
" 

-0.70 
I I 

1890.5 -0.48 +0.20 -0.68 - 0.58 -0.10 

92.5 -0.87 +0.24 -1.11 • -0.53 

93.5 -1.04 -0.40 -0.64 
" 

-0.06 

94.5 -1.34 -0.28 -1.06 
" 

-0.48 

95.5 -0.44 -0.70 +0.26 
" 

+0.84 

96.5 -1.16 -1.56 +0.40 
" 

+0.98 
97.5 -1.77 --1.44 -0.33 

" 
+0.25 

98.5 -2.10 -1.44 -0.66 D -0.08 

99.5 -2.83 -1.53 -1.30 • -0.72 
1900.5 -1.12 -0.45 -0.67 

" 
-0.09 

01.5 -0.52 +0.38 ~0.90 
" 

-0.32 

02.5 -0.01 +0.75 -0.76 
" 

-0.18 

03.5 +1.64 +1.70 -0.06 • +0.52 
04.5 +2.32 +1.84 +0.48 " 

+1.06 
05.5 +0.66 +1.10 -0.44 11 +0.14 
06.5 +0.26 +0.92 -0.66 

" 
-0.08 

07.5 -0.74 +0.16 -0.90 IJ -0.32 
08.5 -1.06 - 0.96 -0.10 

" +0.48 
09.5 -2.14 -0.98 -1.16 n -0.58 
10.5 I -2.54 -1.15 -1.39 

" 
-0.81 
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tABLE iIi. investigaHon of the. hand" '!z. 2nd é~lctÎlatiort. 

I -hc I, -kc I"-hv I -kv 

1847.8 '-0f/78 -0"05 ~+0"83 ...,.1f/30 

48.9 .-0.06 tO.84 +0.68 

50.1 -:0.77 . -'-0.07 +0.63 . +0.54 

5i.2 . j, -0.08 +0 . .74 +0.80 

52.4 -0.09 . .,.-0.19 +0.69 

53.5 -0.76 -0.10 -0.20 -0.05 

54.6 " 
-0.11 . -0.35 +0.07 

-55.8 -0.12 +0.83 -1.50 

56:9 -0.75 -0.13 +0.45 -1.69 

, 58.1 -0.14 +1.64 i +0.65 
" 

1862.5 -0.73 -0.18· -1.05' .+0.48 

63.5 ..,...0.72 .,....0.19 -0.64 -0.39. 

64:5 ." -0.20 -0.21 ,-0.83 

65.5 -0.21 +0.78 -0.14 

66.5 -0.71 -0.22 +0.60 -0.24 

67.5 
" , -0.23 + 1 . .36 -0.24· . 

68.5 11 
-0.23 +0.91 +0.92 

69.5 -0.70 -0.24. -0.51 .+1.56 

70.5 -0.25 -0.53 +0.77 

71.5, -0.26 -0.17 ·-0.02 

72.5 -0.69 ..:....0.27 -0.77 +0.12 

73.5 
" 

-0.28 -0.51 -0.48 

74.5 -0.29 ' +0. 14 -0.58 

1890.5 -0.63 -0.44 . -0;24 -0.24 

92.5 
" 

-0.45 +0.14 -0.66 

93.5 
" 

-0.46 +0. 95 -0.18 

94.5 -0.62 "70.47 +0.58 -0.59 . 

95.~ 
" 

.-0.48 +0.42 +0.74 

96.5 
" 

-0.49 -0.39 +0.89 

97,.5 -0.61 .:-0.50 -0.91 +0.17 

':.98.5 
" 

.. -:-0:50 ::-0 .. 83 . -0.16 

99.5 ." -:;-0.51 -0.,10 .-0.79 

1900.5, -0.60 .-0.52 +0.16 -0.15 

01.5 I 

" 
-0.53 +0.55 -0.37, 

02:5 " . 
-0.54 +0:50 -0.22 

,03.5 -;-0.59 ~0.55 +0'.61 +0.49 

04.5 . I -0.56 -0.11 +1.04 

05.5 ~0.57 -0.62 +0.13 

06.5 /-0.58 -0.58 -0.97 -:-0.08 

07.5 -:-0.59 -0.07 -0.31 

08 .. 5 -0.59 +0.09 +0.49 

09.5 -0.57 -0.60 -0.55 -0.56 

·10.5 -0.61 -0.36 -0.78 
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'By this formula - he and - kc wel'e th€'l~ ealculated for each 
yea!' anel with these values those for - hu anel - ku were deeluceel. 

We thus have two sets of values for - hu ano - kv. 
Before submitting these l'esults to a nearer investigation, I trieel 

to show that the mtroeluctlOn of BROWN'S terms is ju::!tified by the 
observations, at least as fal' as the five ru'e cOllcel'ned, whieh have 
perceptible coefficients, anel were marked above in roman figures. 

Fol' this purpose tables we re elrawn up of - hu anel - ku, 
accol'eling to the 6rst calculahon, in WhlCh all BROWN'S tel'ms were -
intl'oeluced except the term to be inveetigated. The yearly results 
were then so combined, that gr'oups were formed with value~ of 
the argument of the investIgated term bet ween 0° and 10°, 10° and 20° 
etc., in sneh a manner that the results for the different quadrants, 
when necessary, wel'e reduced by a change of slgn fo those for the 
first quaelrant. The h anel k, when we repl'esent BROWN'S terms by 
a sin (g + X) then gi\'e nine equations each of thr form - hu = a cos X 
and - ku = a sin X. t 

Now X = Xo + (.t (t-1900.0) and, as we take the period or (.t as 
known, we ean deduce from tIle observations the value for a anel 
Xo for each term by the form ulae 

-klJ 
tg (Xo + (.t (t - 1900.0» = - a2 = 7~/ + kv2 1) 

-hv 

In this solllhon weights al'e given to the variOUil equations prop or
tional to the number of years that they are based upon. 

The results found, compal'ed wIth those according to the theory, 
follow below: ,. 

~ a Xo 
Theory Obs. Obs.-Theory 

BROWN I +0"66 +0"61 + 1°2 
1I +1.14 +1.34 - 2.0 

III + 0.44 +0.58 -21.9 
IV +0.28 +0.19 -26.0 
V +0.50 +0.35 +19.5 

ThlS agreement may be considered as satisfartory, 1t certainl,y 
completely justifies the mtroduction of BROWN'S inequalitles. 

Fmally I endeavoul'ed to deduce from the observed hand k for 
the largest term BI'. 1I, the Jovlan evection, also the length of the 
period. The - hand - le, corrected for all othel' terms, being 
repl'esented for each year by 

1) For BI'. V we have only a coefficieul k, 80 thal the deduclion fol' this term 
becomes somewhat dlfferenl. 
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, - l~v = a C08 X - kv = a sin Je 1) 

the values of Je were calculated for the separate years and these 
values were united in 7 groups, as follows: 

Period I Mean EpOCh I x O-C 

1847.8-58.1 1852.9 134° + 20° 

62.5-68.5 1865.5 3~4 - 35 

69.5-74.5 1872.0 523 + 7 

90.5-95.5 1893.3 985 + 20 

1896.5-00.5 1898.5 1112 +37 

1901.5-05.5 1903.5 1154 - 27 

1906.5-10.5 1908.5 
, 

1272 - 14 

Each group gives a normal vaille for Je and these are then 1'epre
sented by equations 

Je = Xo + Et (t-1900.0). 
To the first equation I gave the weight 0.7, to the others the 

weight 1. These bemg solved by least squares gave the result 

XD = 1107°.1 = 27°.1 Et = 21°.085 

The last column of the table gives the diffel'ences between obsel'
vation and calcnlation. The annual mriatlOn of the argument found 
is thus 0°.43 largel' than that ,ihich follows from the theory, 20°.65. 

NEWCOMB found 21°.6 
BAKHUYZEN:" 19°.36. 

The argument for 1900.0 is now found 14°.3Iarger than according 
to the theory; for the mean epoch of the observatlOns 1886 the 
difference, however, is onIy + 8°.3, whiJe my previous calculation 
mentioned above gave Obs.-Th. = - 2°.0. 

We now proceed to the mvestigation of the residual values 1'01' 
-!tv and - kv, which aftel' correctwIl for all BROWN'S terms, still 
show a distinct periodicity, though the amplitude is gl'eatIy decl'eased. 

By a graphic 1'epl'eSentatlOn and some pl'elilllmary ralculatiolls I 
came to the conclusion th at the best agreement wouid be attained 
by a term of a period of nine years. The values of ft and k seemed 
to agree completely in this and together to point to the existence of 
a term of the form a sin (g + x). 

1) Oul' ~ is connected wlth the N inhoduced by NEWCOMB and abo used by 
E. 1<'. v. D. SANDE BAKIiUYZEN by X::::: N - 90". 

Fol' h~ and k~ the values were taken accordmg to the 2nd calculation. 
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1 then examined the accurate length of the period more closel. 
in the following manner. Proceeding from the form a sin (g + j! 
so that -hu = acosx -kv= asinx 

and from the 2nd calculation for he and kc, the value for X for eacl 
year was found as follows 

1841.8 303° 1862.5 155° 1890.5 225° '1901.5 326° 

48.9 39 63.5 212 92.5 282 02.5 336 

50.1 40 64.5 257 93.5 349 03.5 39 

51.2 48 65.5 350 94.5 314 04.5 96 

52.4 106 66.5 339 95.5 60 05.5 168 

53.5 194 67.5 350 96.5 116 06.5 185 

54.6 169 68.5 45 97.5 170 07.5 257 

55.8 299 69.5 ,107 98.5 191 08.5 8U 

56.9 285 70.5 124 99.5 263 09.5 226 

58 1 22 71.5 188 1900.5 317 10.5 245 

72.5 171 

73.5 224 

74.5 286 

These mlues 1'01' :x were now united In 7 groups, and tIle mem 
results for these groups I'epresented by equations X = Xo + tt (t-1900.0) 
the first group recelVed tlle weight 0.7, the others weight 1. 

Penod I Mean Epoch I /. O-C 

1847.8-58.1 1852.9 150° + 5° 

62.5-68.5 1865.5 655 + 2 

69.5-74.5 1872.0 903 - 12 

90.5-95.5 1893.3 
" 

1758 -17 

1896.5-00.5 1898.5 2011 + 27 

1901.5-05.5 1903.5 2209 + 23 

1906.5-10.5 1908.5 2359 - 29 

By solving the 7 equations by least square~ I found 

X = 244°.7 + 40°.35 (t-1900.0). 
The chfferences Obs ~Calc. are given above. 



- 17 -

139 

Fol' rhe period I now found 8.92 years, which could, theref'ore, 
retain provisionally the assumed value of 9 years, with which the L

further calculations had already been made. We have 

-!tv = a cos IXa + 40 0 (t-ta)l 

-kv = a sinlJco + 40° (t- to)l 
and putting 

- !tv = {:J sin 40° (t - t~) + "/ cos 4-0° (t-ta) 

- kv = (:J' sin 40) (t - ta) + ,,/' cos 40° (t-to)' 

we then have 
{:J = - a si1f Xo "/ = a cos Xa 

{:J' = a cos Xo ,,/' = a sin Xo' 

I calculated each of the four coefficients independently. In this 
NEWCOMB'S first series was left out, on account of its smaller accuracy. 
I found, assuming for to 1894.5, from both sets of values A and B 
ohtained by the two methads of calculation. 

A 
Each series being calculated with its own hc and l.;~ 

, {:J = - 0".30 "/ = + 0".68 {3' = + 0".60 ,,/' = + 0".16 

B 
The he and kC

j 
being calculated by fOl'mulae a + bt 

{:J = - 0".29 "/ = + 0".63 {:J' = + 0".60 ,,/' = + 0".14 

Aftel' all the results of calculation B seem to me to be the most 
reliable, but the differences between the two sets are very slight. 
We see fm'ther thM / thc relations {31 = "/ and {:J = - "1 1 are very 
satlsfactol'ily fulfilled and may thns assume accordmg to cal('ulation B: 

from which 

a sin Xo = + 0".22 

a cos Xo = + 0",62 

Xo = 19°.53 

a = +0".66 

The value found for Xn must still llndergo a small correction, 
becallse the annual variatlOll was not assumed quite cOl'l'ectly; 
considel'ing that the mean epoch of the observations is about 1886, 
this correction becomes + 2°.98. 

Finally, transferring the zero-epoch to 1900.0 we find for our 
empirical term 

+ 0".66 sin Ig + 244°,4 + 40°.35 (t-1900.0Jl· 

The value now determined for the argument for 1900.0 tllus 
agrees very neady with that found a';ove. The pet'iod of this term 
differs comparativ€;ly little from that of the term Bl' I; the difference 

\ 
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óf 3.°43 between the annual val'iatior.. for both, ho wever, makes the 
variation of the two argllments diifel' 1800 in 52 yeal's and so the
two terms cannot be combined into one. 

The complete formulae fol' the corrections, which must still be 
added after BROWN'S ineqnalities have beeD- taken into account, are 
therefore 

- h=-0".60 +0" 0034: lt- -1900.0}+0" 66 cos 124:4°.4+4:0° .35 (t-1900 O)} 

-k=-0".52-0".0090 (t-190().0!+0".66 sin !244°.4+40o.35 (t-1900.0) -

The two pel'iodic terms can aIso be combined, as was done above. 
Let liS now consider the meaning of the corrections found, first 

as regards the non-periodic parts. We have: 

-Ac = + 2óe 

- kc = - 2eo:Tt 

in which (ie and O:Tt represent the corrections to the eccentricity and 
the longitude of the perigee adopted hy HANSEN for his tables. 

We find thus 

oe = - 0".30 + 0".0017 (t -- 1900.0) 

OH = + 4".7 + 01/.082 (t - 1900.0). 

The correction fOllnd for the annual variation of the ecccntricity 
is certainly too smalJ to be considered as rea I. If we assllmc it to 
be zero, we find 

oe = - 0".32. 

The cOl'l'ection fonnd for HANSEN'S annual motion of the perigee 
may be compal'ed with what was found by others. 

The correction + 0",08 must be applied to HANSEN'S tabuIal' vaille 
of the sidereal motion in a JllIian year for 1850.0, 146435".23, 
which was deduced by him from the observations. 

We get thus for 1850.0. 
A.nnual motion of :7t == 146435",31. 

OOWELL fOllnd from bis discllssion of the observations at Green wich 
(Monthly Notices Jan. 1905) 146435".38, in near agreement with 
the result obtained here. 

BROWN (Monthly Notlces April 1904) glves as the result of his 
theoreticaI calculatlOn of the motion of the perigee two valnes, 
holding for two different valnes of the ellipticity of the earth, viz. 
1 : 292.9 and 1 290.3. Extrapoln,ting fl'Om these for the value which 
is at present considered the most accurate 1: 297.5, we find for 
1850.0 

Annual motion of :Tt = 146435".05 
for which BROWN gives as "exh'eme possible error" ± 0".10. 
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Our result 0",26 Ial'gel', is (hus iJl moderate accordance with the , 
theory. 

As regards the periodie terms, 1t is vet'y satisfactory th at BROWN'E, 
inequalities are so weU confil'med by the obSel'VatlOns, It is, ho wever, 
remal'kable that aftel' BROWN'S thorollgh investigaLions the obsel'vations 
still betray an inequality with a coefficient of 0" 66, which is theo
l'etically unexplained, 

Still I think that we are driven to this conclusion, and that the 
sllpposition of E, F, BAKHUYZEN (Proc. Akad. Amsterdam 6 1903, 
417), wlien he- could find no trace of the existence of BROWN'S tel'm 
I (= Radau I) in the observations, tlmt in the yem's considel'ed 
anothel' term must have neutralized lts effect, is fuIly confirmed. 
For we now find that with equal coeffirients their arguments In 

1863 diifel'ed by 180°, 

Astronomy. - Investigation of tlw inequalities of approtl:imately 
montltly pel'iod in the 10ngiütcZe of the moon, acconZing to 
t!te rJleJ'idian obseJ'vations at GJ'eenwic1t. 21ld part. By J. E. 
OE VOS VAN ST~mNWrJK. (Commnnicated by Prof. E. F. VAN OE 

SANDE BAKHUYZEN). 

ln COllIJeCLion with my previous paper on the inequalities in the 
IOllgitude of the moon, the period of whieh diffet's liWe from the 
anomalistic pel'iod of l'evolution, I have made some furtber calcu
lations. 

Even aftel' applying the corrections which we have discussed 
and all the new inequalities deLermined by BR0'VN, a discordance 
still remained between observation and theory, which conld be 
expressed by the following empIrical term to be added to the 
theoretical longitude: 

+ 0".66 sin.!g + 244°,4 + 40°.35 (t-1900.0)1 

I have already pointed out tbat it is striking that an inequahty 
with such a compal'atively large coefticient should exist, which is not 
explained by theo1'Y, and on tlns account I have t1'ied to estabhsh 
the 1'eality of this term with greater certainty. 

FoI' this purpose first the value of this term and its infll1ence 
upon ft and k were calculated for each year, and my - hv and 
- kv were cOl'rected for this. Aftel' this the mean residual dis
cOl'dance in h,) ,tnd kv was determined, and in the second place 
for comparison the same was done, when hv and kil were not 
corrected fOl' the empirical term. In the third place the same 


