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XIX. Results of the Magnetio Observations at the Kew Ohservator!J.-N o. III. 

B!J Lieut.-Genera't EDWARD SABINE, R.A., President of the RO!Jal Societ!J. 

Received June 21,-Read June 21, 1866. 

§ 9. Lunar-diurnal Variation of the three Magnetio Elements. 

THE recognition of a cosmical origin of some of the variations of terrestrial magnetism 
has made it desirable to employ in magnetic observatories apparatus of a more exact 
and dependable character, and methods of dealing with the results thus obtained of a 
more close and rigorous description, than were previously thought requisite. The pre
sent communication is directed to the discussion of the Lunar-diurnal Variation of the 
three magnetic elements shown by the instruments and methods adopted at the Kew 
Observatory, commencing in 1858, and continued as far as the reductions have at pre
sent proceeded, viz. to the close of 1864. It has the double purpose, first, of making 
known the systematic and highly satisfactory character of the results which have been 
already obtained; and, second, of acting in some measure as a guide, and certainly as an 
encouragement, to the several establishments at home and abroad which have adopted 
the Kew System of magnetic investigation. 

The instruments employed for the determination of the lunar-diurnal variation furnish 
it continuous photographic registry of the changes in the direction of a magnet whose 
motion is limited to a horizontal plane, and in the amounts of the horizontal and vertical 
components of the force acting on a freely suspended magnet. The photograms which 
record these changes are submitted to a very careful and exact process, by which the 
variations from a permanent zero, of the horizontal magnetic direction, and of the 
amounts of the' horizontal and vertical components of the Force, are measured and tabu
lated at twenty-four equidistant intervals of an astronomical solar day. The accuracy 
of the tabulations is checked by a repetition of the process of measurement by different 
persons, and by a reexamination in cases of discrepancy. The proportion of failures in 
the hourly records from any or from all causes whatsoever is very small-less in fact 
than 1 per cent. throughout the whole period. The subjoined Table (No. I.) shows 
that of 175344 positions which should have been recorded, there were only 1497 
failures, of which 103 were occasioned by the employment of the instruments in other 
experimental processes. It must be remembered also that the· period under notice is 
that of the oommenoement of the record, when experience has to be gained, and the 
causes of accidental failures have to be remedied. 

The positions thus measured from the photograms at every hour of astronomical 
time, and entered in monthly tables, were then subjected to the usual processes, first, 
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of computing the monthly means for each of the twenty-four hours in every month; 
and second, of marking (for subsequent exclusion) every hourly position which differed 
from the mean of the same hour in the same month, not less than a certain specified 
and definite amount; such difference being regarded as evidence of the presence of a 
magnetic disturbance. The amount of difference thus adopted as a criterion (known 
commonly by the name of "the separating value") was constant throughout; being 
0'150 of a scale-division in the Declination, and 0'106 of a scale-division in each of the 
other elements; equivalent to 3"3 of arc in the Declination, '00109 part of the horizontal 
force at Kew, and '000269 part of the vertical force at Kew. The number of hourly 
positions thus separated was, in the Declination 10271, or about 1 in 5'9 of the whole 
body; in the horizontal force 11'747, or about 1 in 5'1 of the whole; and in the vertical 
force 13'562, or about 1 in 3-8 of the whole. The record of the hourly positions, 
exclusive of those thus separated, was then !earranged and rewritten in Lunar Tables, 
according to the Lunar hours to which each position most nearly corresponded; and 
from these the mean variation in each lunar hour in each year was derived, as shown in 
the subsequent Tables, Nos. II., III., and IV. 

The tabulation from the photograms and the subsequent calculations were executed 
at the Magnetic Office at Woolwich, under the superintendence of Mr. JOHN MAGRATH. 

I have been thus particular in stating the processes which the photographic records 
have undergone, first, because that which forms the subject matter of the investigation, 
viz. the moon's action on the magnetism of the globe, is measurable only by very minute 
quantities, and requires consequently peculiar care and suitable arrangements for its satis
factory detection and determination; and secondly, because the results, now submitted 
to the Royal Society, present a variation which, small as it is in amount, is far too regular" 
and too systematic to be ascribed to accidental causes, and affords a strong indica
tion of the existence of a general law, the complete development of which has yet to be 
looked for from the extension of similar investigations in other localities. A great 
encouragement to the prosecution of the research is supplied by the remarkable con'e
spondence of the phenomena of the lunar-diurnal variation at Kew, as now made known 
to us, with those at Hobarton, shown by the results of the observations at that Obser
vatory between the years 1843 and 1848. The general aspect of the variation produced 
by the moon's influence at the two stations is the same, viz. a double progression in 
every twenty-four lunar hours, producing extreme deflections of the same character at 
opposite points of the moon's diurnal course; the turning-points of the variation taking 
place nearly at the same lunar hour at each of the two stations, and the amounts of the 
variation being approximately the same at both. The stations (Kew and Hobarton) being 
in opposite magnetic hemispheres, we might naturally expect what we actually find to be 
the case, that the lunar hours of the maxima of Easterly deflection in the one hemisphere 
are those of Westerly deflection in the other hemisphere, and vice versa; and that the 
lunar hours of the maxima and minima of the north Dip and of the northern Total Force 
at Kew are the. same as those of the maxima and minima of south Dip and of the souther~ 
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Total Force at Hobarton. The approximate accordance of the numerical values of the 
lunar influence at the two stations, and in each of the three elements, is also the more 
remarkable when we take into view the shortness of the time during which the investi
gation has as yet been prosecuted, and the minuteness of the quantities which are 
involved-measured as they are by a few seconds of arc in the Declination and Incli
nation, and by millionth parts of the terrestrial magnetic force. Such an accordance 
cannot be viewed otherwise than as a great encouragement to the continuance of the 
research where it is already in progress, and to its adoption elsewhere. 

The conclusions in regard to the Declination are those which will perhaps be generally 
regarded as entitled to principal consideration, inasmuch as their derivation is much more 
direct than in the cases either of the Inclination or of the Total Force. To this it may 
be added that, in comparing the declination-phenomena at Kewand Hobarton, we have 
the advantage of a somewhat larger series of observations than is the case either in the 
Inclination or in the Total Force, as the hourly observations of the Declination at 
Hobarton in 1841 and 1842 are available for the purpose, in addition to those of the 
subsequent years 1843-1848; making together eight years of the Declination, whilst we 
have only six years of either the Horizontal or the Vertical Force. In all cases, how
ever, and whether from Kew, Hobarton, or elsewhere, the numerical values which we 
may derive in regard to the lunar influence can only be regarded as approximations; 
and as indicating generally what we may expect will be accomplished by a further per
severance, rather than as preferring a claim to present or immediate precision. With 
this reservation we may view the facts regarding the moon's influence on the magnetic 
declination at I{ew and Hobarton as placing beyond doubt the existence, at this palti
cular epoch in the great cycle of the variations of the terrestrial magnetism, of a lunar
diurnal variation which has two equal or very nearly equal progressions, both in time 
and in amount; producing consequently two easterly and two westerly maxima of 
deflection in every lunar day, with four nodal epochs, occurring also at nearly equal 
intervals of lunar time, in which the direction of the magnet due to other causes is 
undisturbed by the moon's influence. The lunar hours of extreme deflection at Kew 
and Hobarton are 1, 7, 13, and 19; 1 and 13 being the westerly extremes at Kew and 
easterly at Hobarton; the nodal hours, or those in which the lunar influence is inope
rative in producing deflection, are, as nearly as can be judged, strictly intermediate 
between the times of extreme deflection; viz., between 4 and 5, 10 and 11, 16 and 17, 
22 and 23 hours. The amounts of the extreme deflections, measured by the mean of all 
the observations hitherto, are at Kew, westerly, 1111'1 at 1 hour, 9"'4 at 13 hours; 
easterly, 11"'6 at 7 hours, 10"'8 at 19 hours: at Hobarton, easterly, ,8"'4 at 1 hour, 
9"'1 at 13 hours; westerly, 7"'3 at 7 hours, and 9"'1 at 19 hours. ,The antagonistic 
terrestrial magnetic force by which the deflecting action of the moon on the horizontal 
magnet is opposed, is (approximately) 4'5 at Hobarton, and 3'8 at Kew, expressed in 

British units. 
If we now extend this examination to other stations in the middle latitudes where 

3Q2 
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the same methods of investigation have been pursued, though with series of observations 
of shorter continuance, we find an approximation to the results at Kew and Hobarton 
far too close to be accidental. Everywhere there is evidence of a similar double pro
gression in the lunar day with branches of nearly equal duration. The extreme deflec
tions which we have noted as occurring at Kew and Hobarton at the lunar hours of 1 
and 13 (easterly at Kew and westerly at Hobarton), are recorded as occurring at Toronto 
at Oh and 12h, at Philadelphia at 1 hand 13h , and at Pekin at 23h and 11 h, all being maxima 
of easterly deflection; and at the Cape of Good Hope (a westerly maximum, as the 
Cape is in the southern hemisphere) at 23b and 11 h. In like manner the hours which 
characterize the opposite extremes at Kew and Toronto to those just noticed, viz., the 
westerly at Kew and easterly at Hobarton, which are at 7h and 19h, are recorded as 
occurring at Toronto at 6h and ISh, at Philadelphia at 7h and 19b, at Pekin at 5h'5 and 
17h'5, and at the Cape of Good Hope at 5h'5 and 17b·5. 

Some difference, in the time of the occurrence of a particular phase of the variation, 
as well as in its amount, we should be prepared to find in different localities, due to 
differences in their position on the surface of the magnetic sphere; but with this allow
ance there is a systematic consistency in the particulars which have been cited, which, 
even in this, the infancy of the inquiry, promises to conduct those who will pursue it to 
the recognition of one of those laws of general application which characterize the ope
ration of great cosmical forces. 

A corresponding accordance in the phenomena of the lunar influence on the Inclina
tion and on the Total Force might easily be shown, even from the very brief record which 
we as yet possess from the very few stations at which the phenomena have been made 
the objects of investigation, carried on with suitable instruments and with suitable 
methods of reduction. The conclusions from them are indeed somewhat less precise 
than in the case of the Declination, because the conditions of the problem are necessarily 
more complex; but they have the same general character and bearing in all material 
respects; and enough has already been stated to establish the general fact of the exist
ence and systematic action of the moon's magnetic influence at the surface of our 
globe, and to show that its phenomena are quite within the reach of properly directed 
research; and that they are assuredly well worthy of the attention of those who occupy 
themselves in the pursuits of inductive philosophy. 

To establish on a satisfactory basis the existence of a difference in the amount of the 
lunar-diurnal variation at the times when the moon is nearest to or furthest from the 
earth, would }?robably require many more years of observation than have hitherto been 
given to the subject at Kew. But it may not be superfluous to state that in the Vertical 
Force, which is the only one of the elements in which the extreme deflections at the 
turning hours on the two days preceding and the two days subsequent to the epochs of 
perigee and apogee have hitherto been separately examined, the deflections are decidedly 
greater in their mean amount in perigee than in apogee; which is so far encouraging 
towards a continuance of the examination in future years. 
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Semiannual Inequality.-In the elaborate and very valuable discussion of the magnetic 
observations at Girard College, Philadelphia, 1840-1845, contained in the thirteenth 
volume of the 'Smithsonian Contributions to Knowledge' (1863), Dr. ALEXANDER 
DALLAS BACHE, For. Mem. R.S., announced the existence of a semiannual inequality in 
the lunar-diurnal variation of the Declination as shown in two particulars, (1) that the 
amplitudes of the deflections both to the east and to the west, and in both the 12-hourly 
divisions of the (lunar) diurnal variation, are less in the six months from October to 
March than in the six months from April to September; and (2) that the lunar hours 
at which the deflections pass through the zero are earlier by more than an hour in 
October to March than in April to September (Smithsonian Contributions, vol. xiii. 
part 3, pp. 11-13). In the case of the Horizontal Force, Dr. BACHE finds a similar 
semiannual inequality in the hours of maxima and minima, but in respect to their 
amounts he remarks that the range in April to September is but slightly greater than 
that in October to March, the difference being by no means so marked a feature as in 
the Declination (Smithsonian Contributions, vol. xiii. part 6, p. 72). The lunar-diurnal 
variation of the Vertical Force at Girard College does not appear to have been examined. 

The above results were derived by a treatment of the observations conducted according 
to the same general principles, in regard to the separation of the larger disturbances, 
which had been previously introduced by myself in the discussion of the British Colonial 
magnetic observations. 

Following Dr. BACHE'S example in this particular investigation, I directed Mr. MAGRATH, 
who is charged with the superintendence (under myself) of the reduction of the magnetic 
observations at the Woolwich Office, to separate the lunar-diurnal effects at Kew into 
two portions, one of which should contain the months from April to September inclusive, 
and the other the months from October to March inclusive, being the division of the 
year adopted by Dr. BACHE. The subjoined Table (No. V.) exhibits the semiannual as 
well as the annual means of the lunar-diurnal variation of the Declination at Kew taken 
from the photograms commencing January the 1st, 1858, and terminating December. 31, 
1864. The Table is divided into two portions solely for convenience in printing. 

TABLE V.-Annual and Semiannual Means of the Lunar-diurnal Variation of the 
Declination at Kew. 

Lunar Hours. Oh. 1h. 2h. 3h. 4h. 5h• 6h. 7h. Sh. 9h. 10h. l1h. 
----------------------

-0'~3 -0,25 
I 

-0'06 +0'01 +O'OS +0'20 +0'29 +0'17 +0'07 +0'04 
, 

Semiannual 1 April to September .. -0,19 -0'12 
Means.... October to March ... -0,03 -0,13 -O'IS -0'06 -0'15 -0,04. +0'04 +0'09 +0'15 +0'09 +0'02 +0'01 

----------------------
Annual Means ........................ -0·13 -0'19 -O'IS -0'06 -0,07 +0'02 +0'12 +0'19 +0,16 +O'OS +0'03 -0'05 

Lunar Hours. 12h. 13h• 14h. 15h. 16h. 17h_ ISh. 19h. 20". 21h_ 22h_ 23h. 
-------------

-O'IS -0,19 
I I 

+0'06 +0,17 +O'IS +0'20 +0'15 +0-11 -0'04 -0'15 Semiannual} April to September .. -0'15 -0'05 
Means... October to March ... -0'06 -0,12 -0'11 -0'07 0,00 +0'01 +0'09 +0'16 +0'17 +0-11 +0'11 +0'07 

Annual Means ........................ -0,12 -0,16 =°'13 1-°'06 +0'03 +0'09 +0-14 +O'IS +0'16 +0'11 +0'03 -0'041 
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It is obvious on an inspection of this Table that the deflections of the Declination at 
Kew, both those that are easterly and those that are westerly, attain a greater amplitude 
in the months April to September than in the months October to March, and that the 
extremes appear to be reached at a somewhat earlier hour at Kew in the April to Sep
tember than in the October to March portion of the year. The first of these indications 
is in accordance with the results at Philadelphia; the second is not so. With respect 
to the first~ viz., the greater amplitudes in the months April to September, if we take 
the hours 22 to 3 and 10 to 15 as those of the - variation, and the hours 4 to 9 and 
16 to 21 as those of the + variation for both half years, we have the sums (disre
garding their half-yearly signs) of the semiannual monthly means for April to September 
2"50, and for October to March 1"23. And if, retaining the hours 22 to 3, 4 to 9, 
10 to 15, and 16 to 21 as the most suitable division in the April to September half year, 
we adopt the division of 23 to 4, 5 to 10, 11 to 16, and 17 to 22 as possibly preferable 
for the October to March half year, we have the sums (disregarding their signs) of the 
semiannual monthly means, 2"50 in April to September and 1"83 in October to March. 
In both arrangements the deflections are considerably greater jn the April to September 
half year than in the October to March half year. 

The Kew results appear therefore to be confirmatory of the Philadelphia results as 
to the greater amplitude of the lunar-diurnal deflections in April to September; but 
in regard to a slight priority in the hours of occurrence of the maxima and minima in 
either half year, the inference from the observations at Kew would be, as far as it goes, 
dissimilar to that deduced by Dr. BACHE from the observations at Philadelphia. 

Such being the case, it appeared the more desirable to make a similar examination of 
the lunar-diurnal variation of the Declination at a station (Hobarton) in the opposite, 
i. e. in the southern hemisphere, from whence we have nearly eight years of hourly eye
observations, viz. from January 1, 1841 to September 30, 1848. Table VI. exhibits the 
semiannual and annual means of the lunar-diurnal variation of the Declination at 
Hobarton arranged as at Kew and Philadelphia. 

TABLE VI.-Annual and Semiannual Means of the Lunar-diurnal Variation of the 
Declination at Hobarton. 

I Lunar Hours. Oh. ] h. 2h, 3h• 4h, 5h, ~h, 7h• Sh. 9h. 10h. U h, 

I ,-,---)---,---)---,---,---,---,---,---,---,-
I Semiannual} April to September... 0'00 -0'03 +0'06 +0'03 +0'07 -0'01 -0'09 -0'02 -0'01 +0'03 0'00 +0'08 

Means... October to March ...... +0'34 +0'40 +0'30 +0'25 +0'11 -0·]0 -0'21 -0'82 -0'30 -0'20 -0'06 +0'05 

IADDual Mean, ........................... +0'17 +0'18 +0'18 +0'14 +0'09 -0'05' -0·15 -0'17 -0·15 -0'08 -0·03 +0'07 

I Lunar Hours. 12h. 13h. 14h. 15h. 16h. 17h. ISh. ]9h. 20h. 21h. 22h. 23h. 
-----------------------

+0'07 +0'12 +0'13 +0']2 +0']2 +0'03 -0'02 -0'09 -0'14 
, 

-0'06 -O'OS Semiannual } April to September ... -0'16 
Means. .. October to March ...... +0'17 +0'36 +0'29 +0'14 +0'07 -0'11 -0'31 -0'3R -0'32 -0'19 -0'01 +O·]S 

! Annual Means ........................... 
----------------------

+0'12 +0'24 +0'21 +0'13 +0'09 -0'04 -0'16 -0'24 -0'23 -O'IS -0'04 +0'05 
I 
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At Hobarton the results appear to be quite as consistent and systematic as those at 
Kew or at Philadelphia, whilst in respect to the period of the year when the amplitudes 
of the deflections are greatest, they present the phenomena in the reversed order, 
October to March taking the position which at Kew and Philadelphia characterizes the 
April to Septenlber half year. If we take the hours 0 to 5, 12 to 17 as those of + 
deflections, and 6 to 11, 18 to 23 as those of - deflections for both the half years at 
Hobarton, we have the sums (disregarding their signs) of the semiannual monthly meani 
for October to March 4"29, and for April to September 1"27; or if23 to 4, 5 to 10, 11 to 
16, 17 to 22 be taken, as possibly a preferable arrangement for the half year October to 
March (retaining as before 0 to 5, 6 to 11, 12 to 17, and 18 to 23 for the months April 
to September), we have the sum 5"05 for October to March against 1"27 for April to 
September. Under either arrangement the disparity is considerable, and appears deci
sive in favour of regarding October to March as the half year of greatest deflection in 
the lunar-diurnal variation at Hobarton. October to March is also the season of the 
earlier occurrence of the maxima and minima: in both the presumed half-yearly charac
teristics, therefore, the Declination at Hobarton, in the southern hemisphere, presents the 
opposite features to the Declination at Kew in the northern hemisphere. 

I have added in Tables VII., VIII., IX. and X., at the close of this communication, 
the annual and semiannual means of the lunar-diurnal variation of the Inclination and 
of the Total Force at Kew and at Hobarton, although the number of years from which 
these have been derived can hardly be considered sufficient to afford any secure founda
tion for more than very general inferences in these two elements. For more assured 
evidence we must await the continuation of the Kew Observations for the northern 
hemisphere, and the magnetic investigations about to be commenced at Melbourne for 
the southern hemisphere. 

In the meantime what is most worthy of our consideration is, that all the tables (in 
the separate half years as well as in the whole year, and in all elements and all localities ) 
concur in the manifestation of that which is the great and distinctive characteristic of 
the lunar-diurnal variation, viz. a double fluctuation in the twenty-four lunar hours in 
equal or nearly equal divisions. It is this feature which must chiefly press itself on 
the attention of those who would address themselves to the solution of the somewhat 
difficult problem of the true theory of the moon's influence on the magnetism of the 
earth. May it not be possible that this peculiar feature may be connected with the 
duplex system of the terrestrial magnetism 1 
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MAGNETIC OBSERVATIONS AT THE KEW OBSERVATORY, 449 

TABLE II,-Declination, Lunar-diurnal Variation in Seconds of Arc, 

Lunar 
Years ending December 31. 

Lunar Means. 
hours. 1858. 1859. ~~I~~ 1862. 1863, 1864. hours. 

------------ -----
i 

/6'0 
/I 

w,I~'6 
/I II II 1/ 

7'S 0 W, E, 0-6 w, 5'4 w, 7'S w, 9'0 w,14'4 w, 0 
1 w,14'4 w, 7°2 w,12'6 w, 6°0 w, 6,6 w,17'4 w,1302 w,llol I 
2 w,10'S Wo 9°6 w. 504 w, 7'2 Wo 9'0 w,12'0 w,21'0 w,10'7 2 
3 w, 7'S w, 4'2 w, 3'0 E, 2'4 E. 2'4 w, 6'6 w, 70S w, 3'5 3 
4 w, 3'0 w, 402 w, 2°4 E, 4°2 E, 2'4 w, 6,6 w.19'8 w, 402 4 
5 E, 5'4 w, 6,6 E. 504 E, 6,6 E. 9'0 w, 4'2 w, 6,6 E, 1'3 5 
6 E, 12'0 E, 1°2 E, 3'0 E, 14°,4 E. 14'4 w, 2'4 E. 7'8 E. 7°2 6 
7 E, 9'0 E, 402 E, 9°6 E, 16'2 E, 17'4 E, 15·6 E, 9'0 E. lI06 7 
S E. 9°6 E, S'4 E. 7'S E, 606 E. 14'4 E. 1506 Eo 5'4 E, 9'7 8 
9 E, 7'2 E, 6·6 w, 0'9 w, 1'2 E, 12'0 E. 7'S E, 2'4 E. 4'S 9 

10 E. 3'0 E, 7'2 w. I'S w, 6,6 w, 2'4 E. 7'S E, 5'4 E. I'S 10 
11 w. 3,6 w, 102 w. 4'2 w,10'8 w, 7'S E. 6,6 0'0 w, 3'0 II 
12 WO 4'S w, 9'0 w.18'0 w, S'4 w, 7'S 0'0 w, 4'2 w, 7'5 12 
13 ,,', 3'0 w,13'2 w.15'0 w.13'2 w.12'0 w, 5'4 w, 4'2 w, 9'4 13 
14 w, 3'0 w, 8,4 w. 9,6 w,IO'S w,I5·6 w,10'S E. 1'2 w, 8'1 14 
]5 w, 7'2 w, 3·6 E. 4'2 w, S'4 w,12'0 w' 2'4 E, 5'4 w, 3'4 15 
16 E. 3'0 E, 3,6 E, 70S w, 6,6 w,10'8 0'0 E. 14'4 E. 1,6 16 
17 E. 7'S E, 9·6 E, 13'S w. 2'4 w, 4'2 E, 1'2 E. 12'0 E. 5'4 17 
IS E, 7'8 E, 14'4 E. 17'4 E, 3'0 0'0 E, 7'S E. 5'4 E, 8'0 IS 
19 E, 4'8 E, 18°0 E, 15'0 E, 9'0 E, 2'4 E, 12'0 E, 14'4 E, 10'S 19 
20 E, 3'0 E, 12'6 E, 6'0 E, 10'2 E, 12'0 E. 14'4 E, 9'0 E, 9·6 20 
21 w, 2'4 E, Is,6 E. 2°4 E. 10'S E, 7'8 I E. 2'4 E, 7'8 E. 6'8 21 
22 w, 7'8 R, 9,6 w, 3'0 E. 7'S E. 5'4 I E, 1'2 0'0 E, 1'9 22 
23 6'0 5,4 3,6 0°6 4021 wo 1'2 7'8 2'4 23 

1 w, Eo w, E, W, W, W, 

TABLE 111.-. Horizontal Force, Lunar-diurnal Variation in parts of the Force at the 
Station, 

I Lunar 
Years ending December 31. 

Means of the Lunar 
hours. 1858. 1859. 1860. I 1861. 1862. 1863. 1864. seven years. hours. 

--------------1-----------------------
0 +'000052 +'000039 +'000091 +'000033 +000003S +'000087 +'000017 +'000051 0 
1 +'000045 +'OOOOSO +°000138 +'000067 +'000049 +'000098 +'000054 i+'000076 1 
2 +'000037 +'000075 +'000121 +'000080 +'000071 +'000085 + '000087 + '000079 2 
3 +'000013 +'000103 +°000131 +'000055 +'000054 +'000040 +'000055 '000064 3 
4 +'000002 +°000091 + '0001241 +'0000:22 +'000071 +'000026 +'000040 +'000054 4 
5 -'000020 +'000076 + '000 122[ + 0000029 +'00002S +'000028 +'000035 +'000043 5 
6 -'00001l +'000020 + '000085 -'000023 -'000028 +-000056 -'000031 +'000010 6 
7 -'000003 +'000010 +'00007S -'000061 -'000044 + ,000001 -'000036 -'000008 7 
8 -'000024 +'OOOOIS +'000041 -'000063 +'000014 -'000009 -'000006 -'000004 8 
9 -'000009 -°000023 +'000087 -'000118 -'000029 +,000024 -'0000S9 -°000022 9 

10 -'000021 -,000032 +'000076 -'000060 +oOOOOlS -,000008 -'000013 -'000006 10 
II -'000001 -°000031 +'000066 -'000047 +'000018 +'000060 +'000036 +'000014 II 
12 +'000046 +'000015 +'000056 -'000024 +'000040 +'000083 +'000067 +'000040 12 
13 +'000031 +,000025 +'000112 +'000022 +'000097 + ,000073 +'000062 +'000060 13 
14 -'000014 +,000050 +'000088 +·000013 +°000094 +,000123 +°000069 +'000060 14 
15 +'000025 +'000033 +'000089 +'000032 +'000056 +'()00()79 +'000059 +'000053 15 
16 +'000021 +'000054 +'000071 +'000049 +'000081 +'000058 +'000014 +'000050 16 
17 + '000017 +'000034 +°000046 +,000042 +°000051 +'000017 -'000025 +°000026 17 
18 +'000003 -'000033 -°000011 -t-'000027 '000000 + '000030 +'000029 +'000006 18 
19 +'000018 '000000 +'000001 -·,000025 -'000026 i-,000019 +'000003 -'000007 19 
20 -'000002 -'000034 + '000002 + ,000013 -'000006 + '000011 -'000036 -'000007 20 
21 -°000001 -'000010 -"000020 r'OOO043 -'000010 ' + '000017 -'00001.5 +'000001 21 
22 -,000028 -'000021 + '000040 + ,000012 +'00001l1-'000010 +'000005 +'000001 22 
23 +'000053 +'000027 +'000036 +'000010 +'000074 i + '000042 + '000001 +'000035 23 

The mean Horizontal Force at Kew is approximately 3'8 in British units. 
MDCCCLXVI. 3 R 



450 LIEUT.-GENERAL SABINE ON THE RESULTS OF THE 

TABLE IV;-Vertical Force, Lunar-diurnal Variation in parts of the Force at the 
Station, 

Lunar Years ending December 31. Means of the Lunar 
hours. six years. hours. 

1859. 1860. 1861. 1862. 1863. 1864. 
-- --

0 -'000019 -'000003 '000000 +'000017 -'000003 -'000025 -'000005 0 
1 -'000008 +'000003 +'000001 +'000028 +'000011 -'000009 +'000004 1 
2 -'000007 +'000008 +'000002 +'000030 +'000018 +'000003 +'000009 2 
3 -'000006 +'000018 +'000017 +'000021 +'000015 -'000003 +'000010 3 
4 -'000004 +'000008 +'000007 +'000020 +'000016 +'000006 +'000009 4 
5 -'000012 '000000 -'000002 +'00001.6 +'000010 +'000005 +'000003 5 
6 -'000013 +'000010 -'000008 +'000005 -'000001 -'000006 -'000002 6 
7 -'000015 + '000001 -'000010 +'000004 -'000003 '000000 -'000004 7 
8 -'000009 -°000006 -'000007 -'000001 -'000011 -'000006 -'000007 8 
9 -'000017 -'000019 -'000018 -'000003 -'000012 ~'000004 -'00001l 9 

10 -'000014 -'000004 -'000013 -'000004 -'000008 +'000006 -'000006 10 
II -'000004 -'OOOOOH +'000008 +'000004 -'000005 +'000008 '000000 II 
12 -'000005 -'000004 -'000011 +'000007 -'000005 +'000018 '000000 12 
13 -'000005 -'000001 '000000 +'000004 -'000001 +'000012 +'000001 13 
14 +'000001 +'000008 +'000002 +'000020 -'000004 +'000013 +'000007 14 
15 +'000004 +'000020 +'000005. +'000021 '000000 +'000015 + '00001l 15 
16 +'000002 +'000003 '000000 +'000020 '000000 +'000014 +'000006 16 
17 -'000001 '000000 +'000008 +'000021 -'000014 +'000024 +'000006 17 
18 -'000006 -'000002 '000000 +'000011 -'000022 +'000007 -'000002 18 
19 -'000018 -'000016 -°000002 +'000012 -'000033 +'000004 -'000009 19 
20 -'000031 -'000015 -'000001 +'000012 -'OOOO~W -°000006 -'000010 20 
21 -,000034 -'000016 -'000013 -'000004 -'000033 -°000026 -'000021 21 
22 -'000026 -'000018 -'000006 +°000004 -'000018 -'000023 -'000014 22 
23 -'000021 -'000013 -'000007 +°000007 -°000012 -'000021 -'000011 23 

The mean Vertical Force at Kew is approximately 9'5 in British units, 

TABLE VII,-Annual and Semiannual Means of the Lunar-diurnal Variation of the 
Inclination at Kew, 

Lunar Hours, Qh'I~~ 311• i 411, 5h, 6h. 7h, 811 , 9h, 10h. 11h. 
----- -----

I 1 I -0'04 +0'01 +0'02 
I 

+0'02 0'00 
I 

Semiannual} April to September ... -0'091-0'10 -0'09 -0'07 -0'07 +0'03 -0'01 
Means. .. October to March ...... - 0'04 - O'OS - 0'07 - 0'04 i - 0'03 -0'04 -0'03 0'00 -0'03 0'00 0'00 -0'02 

-0'071-0'09 -0'08 - °'061-0'05 
----

Annual Means ........................... -0'04 -0'01
1

+0'01 0'00 +0'01 0'00 -0'02 

1- Lunar Hours. 12h. 13h. 14h. 15h. 16h. 17h • ISh. 1911• 20h. 21h. I 22h. 
i 

23h. 
----------------- --

Semiannual} April to September ... -0'06 -0'11 -O'Ot~ -0'09 -0'07 -0'01 +0'02 +0'01 +0'01 
-,1-, 

-0,06 -0'03 -0,01 
Means. . . October to March ...... -0'03 -0'03 -0'04 -0'01 -0'03 -0'04 -0'03 -0·02 0'00 -0'~1-002 -0'05 

Annual Means ........................... -0'05 -0'07 -0'06 -0'05 -0'05 -0'02 0'00 0'00 0'00 - 0-02 i -0'02 -0'05 
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TABLE VIII.-Annual and Semiannual Means of the Lunar-diurnal Variation of the 
Total Force at -Kew, in parts of the Total Force at the Station. 

Lunar Hours. Oh. Ih. 2h. 311• 4".1 5
'. 

611. 7h. Sh. I 9h. 1011. ~I -------------I-------!--~ 

'00 '00 '00 '00 '00 '00 '00 ·00 '00 I '00 '00 '00 
Semiannual } April to September ... +0006+0020 +0026 +0027 

+00]3/+0010 
+0020 +OOIS +0004 +0003 - OOOO~ - 0005 

-0010!-00IS 
-0003 +0006 

Means... October to March ...... 0000 +0012 +0011 0000 -0004 -0010 -OOOS -0003 
-------- r---

Annual Means ........................... +0003 +0016 +00191+001S +0015 +0009 0000 -0004 -0005/-0012 
I 

-0005 +0002 

Lunar Hours. 1211. 1311. 14h. 15h. ]611• ]7h. ISh. 19h. 2011. 21h. 22h. 23h. 
------------------------

'00 '00 '00 '00 ,00 '00 '00 ,00 '00 '00 '00 '00 
Semiannual} April to September ... +0015 +0021 +0022 +0028 +0027 +0016 +0001 -0001 -0006 -0016 -001] -0001 

Means. .. October to March ...... -0001 -0001 +0004 +0004 0000 +0002 0000 -0013 -0013 -0019 -0011 -0007 
----------------------

Annual Means ........................... +0007 +0010 +0013 +0016 +0013 +0009 0000 -0007 -0010 -OOIS -0011 -0004
1 

TABLE IX.-Annual and Semiannual Means of the Lunar-diurnal Variation of the 
Inclination at Hobarton. 

Lunar Hours. Oh. Ih. 2h. 311. 4h. 5h. 6h. 7h. Sh. 9h. IOh. llh. 
----------------

Semiannual} April to September .. +0'04 +0'01 -0'01 -0'01 -0,03 -0'01 0'00 0'00 +0'02 +0'01 -0'02 0'00 
Means... October to March ... +0'01 -0'02 -0'04 -0·04 -0·05 -0'01 -0'04 -0'03 +0'02 +0'02 +0'03 +0'03 

Annual Means ........................ +0·02 0·00 -0·02 -0·03 -0·0:1 -0-01 -0.021=0.01 +0.02-[+0.0:10:00 +0.011 

i 
I 

Lunar Hours. 1211. 18h. 14h. 15h. 16h. 17h. ISh. 19h. 20h. 21h. 22h. 23h. 
----------------------

Semiannual} April to September .. 
, 

'l'"'0'01 0'00 
, 

-0'03 0'00 -0'01 -O·tH -0'01 +0'01 +0'03 +0'06 -0'02 -0'02 
Means... October to March ... +0'02 -0'0] -0'04 -0·03 -0'04 -0'03 -0-01 +0'02 +0'03 +0'06 +0'05 +0'02 1 

---I 
Annual Means ... ' ..................... 0'00 -0'01 -0'02 -0·02 -0'04 -0'02 -0'01 0'00 +0'01 +0'03 +0'04 +0'04 1 

I 

TABLE X.-Annual and Semiannual Means of the Lunar-diurnal Variation of the Total 
Force at Hobarton, in parts of the Total Force at the Station. 

Lunar Hours. Oh. Ih. 2h. 3h. 4h. 511• 611• I 7h. SI1. 9h, IOh. Ilh. 
--------

'00 '00 '00 '00 '00 '00 '00 '00 '00 '00 '00 '00 
Semiannual} April to September .. +0002 -0005 -0007 -0011 -0006 --0001 +0003 +0005 +0004 +0006 -0003 -0002 

Means... October to March ... +0005 +0005 -0002 -0001 0000 +0001 -0001 -ooOS +0003 -0008 -0005 +0005 
----------------------

Annual Means ........................ +0003 0000 -0004 -0006 -0003 0000 +0001 -0001 +0003 -0001 -0004 +000] 

LUll"" Hour,. I 12". 13h
• W. 15'./16". 1711. ISh. 19h. 2Oh. :J]h. I 2211. 2311 • 

---------------------------------_._---
'00 '00 '00 '00 '00 '00 '00 ·00 '00 '00 ,00 '00 

Semiannual} April to September .. -0001 -0006 -0003 -00021+0001 +0006 +0007 +001] +0009 +0007 +0003 +0002 
Mean' ... October to March... 0000 -0003 -0001 +00021-0005 -0002 0000 +0005 +0003 +0008 +0007 +0007 

--------------
.Annual Means ........................ 0000 -0004 -0002 0000 -0002 +0002 +0004 +0008 +0006 +0007 +0005 +0004 
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