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XIL Results of the Magnetic Observations ot the Kew Observatory, from 1857 and 1858
to 1862 inclusive—No. 1.
By Major-General EDWARD SABINE, R.A., President of the Royal Society.

Received May 21,—Read June 18, 1863.

§ 1. A tabular synopsis of ninety-five of the principal disturbances of the magnetic declina-
tion recorded by the Kew Photograms between January 1858 and December 1862
inclusive ; and a comparison of the Laws of the Disturbances derived therefrom, with
the Laws derived by the more usual method.

It seems difficult to understand how any one having the opportunity of examining the
daily photographic records of a magnetic observatory, and viewing them with an intelli-
gent eye, can fail to discern in the magnetic disturbances the systematic operation of
laws depending upon the solar hours; and to perceive that these laws are different from
those which govern the regular solar-diurnal variation (upon which the disturbances,
whensoever occurring, are superposed).

There are, however, many persons who have not the opportunity of examining for
themselves these full and complete records, but who may, nevertheless, be desirous of
obtaining a clearer and more distinct understanding of the true character of these
remarkable phenomena, in the belief that such knowledge is indispensable as the first
step of an inductive inquiry which may ultimately reveal to us their causes, and the
nature of the causation by which they are produced; and also from the prominency
which is given to such an investigation in the Report of the Royal Society in 1840,
wherein it is asserted that *the progressive and periodical variations are so mixed up
with the casual and transitory changes, that it is ¢mpossible to separate them so as to
obtain a correct knowledge and analysis of the progressive and periodical variations, with-
out taking express account of and eliminating the casual and transitory changes.” The
elimination of the disturbances was thus early foreseen to be an essential preliminary
step in the systematic investigation of the periodical magnetic variations generally. The
whole course of subsequent research has manifested the sagacity and importance of this
early precept, and the necessity of placing this fundamental point of our investigations
on a secure basis. I have thought, therefore, that it might be desirable to place before
the Royal Society a synopsis of the deflections from the normal positions of the declino-
meter, tabulated from the photograms of the Kew Observatory, in a large portion of the
most notable disturbances which occurred between January 1858 and December 1862,
showing the direction and the amount of disturbance at twenty-four equidistant epochs

in each of the disturbed days—in the belief that those who may desire to do so will
MDCCCLXIIL 2p

[
e
The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to [[& )24

Philosophical Transactions of the Royal Society of London. IING®RY

WWWw.jstor.org



274 MAJOR-GENERAL SABINE ON THE RESULTS OF THE

obtain, by a careful examination of such a tabular view, and of the appended com-
ments, a more distinct and definite perception of the character of the magnetic
disturbances than appears to be usually possessed.

In forming the Table which occupies pages 276 and 277, the principle of selection
adopted, and invariably adhered to, has been to take all those days in which twelve at
the least of the twenty-four equidistant epochs have been disturbed to an amount equal-
ling or exceeding 015 inch of the photographic scale, or 33 of arc, on either side of
the normal of the month and hour to which the recorded position corresponds, the
normal itself having been obtained by recomputation after the omission of all disturb-
ances amounting to 8"3. The figures in the Table are the differences of the disturbed
positions from the normals as above defined. By the process thus described the solar-
diurnal and other minor variations are eliminated. There have been ninety-five such
days in the five years. The Summary at the close of Table I. shows the resulting
aggregate values, both of Easterly and of Westerly deflection, at each of the twenty-four
equidistant epochs in each of the five years, as well as in the whole period. The hours
of astronomical time at the Kew Observatory have been taken for the twenty-four equi-
distant epochs.

It is obvious, on the most cursory view of the Summary at the close of the Table
(page 277), that the Fasterly and Westerly deflections are both subject to systematic laws,
and that these laws are distinct and dissimilar in the two cases. “Thus the easterly deflec-
tions prevail during the hours of the night, and the westerly during the hours of the day.
In the day-hours the easterly are small, and vary but slightly; they begin to increase
about 6 or 6 .M., and augment progressively until 11 or 12 p.M., when they attain a
value (speaking always of aggregate values) nine or ten times as great as on the average
of the day-hours. This great development of easterly disturbance continues until one or
two hours after midnight, when it as steadily and progressively subsides until 5 or 6 a.1.
The westerly deflections, on the other hand, are distinguished not only by their great
prevalence at the hours when the easterly deflections are small, viz. 5 A.M. to 6 p.M.,
but also by having two distinct epochs of maximum about eight or nine hours apart,
viz. one about 6 or 7 A.M., and the other about 8 p.m. This last-named distinction
between the two classes of deflection, viz. a single maximum in the one, and a double
maximum in the other, is the more worthy of notice, because, as will be shown here-
after, a similar distinction prevails at the greater part of the stations where the laws of
the disturbances have been investigated, although, whilst in certain localities of the
globe it is, as at Kew, the easterly disturbances which have the single maximum, and
the westerly the double maximum, in other localities the converse is found to take
place. The increased prevalence of each of the two classes of deflection for about half
the twenty-four hours, and diminished prevalence during the other half, appears also
to be a usual characteristic,—but with the reservation, that the hours of the prevalence
of each class are not the same in different localities, and that they vary independently
of each other—so much so that at some stations the two classes of disturbance, instead
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of affecting opposite parts of the twenty-four hours as at Kew, may even have their
greatest prevalence at the same hours.

If we now take the pains to compare the summaries of the easterly and westerly
deflections in each year with those of the means of the five years, the accordance is too
manifest to admit of a doubt remaining as to the general and systematic character of the
laws which have been thus placed in evidence. And if we further proceed to examine
seriatim the general progression of disturbance in each of the ninety-five days, we shall
see reason to conclude that by far the greater part of the disturbances are in conformity
with these laws (which are of course more fully and clearly shown by the annual and
quinquennial summaries)—thus manifesting the general prevalence of a common type in
the disturbing action, even when the days are regarded individually.

In the greater part of the ninety-five days it is easy to trace the presence of both
the features which may be regarded as the leading characteristics of a disturbance:
viz., 1, a deflection (of very considerable amount at certain hours) from the mean or
normal position of the magnet; and 2, rapid fluctuations on either side of the
deflected position. All days of disturbance are marked by one or the other of these
two features, and frequently by both. The deflections from the normal are variable in
amount, but in direction they are generally conformable to the systematic laws which
have been already adverted to, and which will be more fully discussed in the sequel.
The fluctuations are extremely irregular both in direction and amount, conveying the
impression that the magnet at such times is under the action of two opposing forces, of
- which sometimes the one and sometimes the other preponderates. A tremulous motion
of the magnet is occasionally shown by the photographic traces unaccompanied by
changes of direction, as if both the opposing forces were at such times in a state of
agitation, but without more than a merely momentary preponderance of either. When
large and rapid fluctuations present themselves, we sometimes find considerable and
apparently irregular differences in the successive tabulated directions of the magnet
(taken, as must be remembered, at the precise instants of the equidistant epochs); but
the more regular and systematic prevalence of easterly deflection at particular hours, and
of westerly deflection at other hours, usually overrides, even in the individual cases as it
does altogether in the means, the partial influence of the fluctuations.

The excess of easterly over westerly, or of westerly over easterly deflection at the
several hours in the ninety-five daysis a measure of the influence which the disturbances
would necessarily exercise on the ¢ diurnal inequality” derived from the hourly means
of the ninety-five days, if the elimination of the disturbances were unattended to: the
excess thus referred to constitutes, in fact, the disturbance-diurnal variation due to that
portion of the disturbances occurring in the five years which is included in the ninety-

five days contained in the Table. This part of the subject will be resumed in the third
section of this paper.
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0 2. Comparison of the laws of the disturbance-divrnal variation derived from the ninety-
Jive days of disturbance tabulated in the first section of this paper, with the con-
clusions derived, at the same place and for the same period, from the wider basis of
investigation supplied by the process first introduced and published by myself eighteen
years ago.

The process here referred to consists, as is well known, in separating from the whole
body of observations employed, all, without exception and whensoever occurring, which
differ from their respective normals of the same month and hour by a certain value,
constant for the same element at the same station—the amount of this arbitrary
standard, or minimum value of a disturbance, being regulated by one condition only, viz.
that it shall not be so small as to endanger the inclusion amongst the separated observa-
tions of any in which the cause of the irregularity may with probability be ascribed to
any other source than that of the class of phenomena whose laws we desire to study.
In the case of the hourly positions tabulated from the Kew Photograms from January
1858 to December 1862, 0-15 inch of the photographic scale, or 3-3 minutes of arc
measured from the normal of the same month and hour after the omission of the
disturbed observations, has been taken as the standard or minimum value of a disturb-
ance. There are altogether in the photograms of the five years at Kew the effective
records of 43,456 hourly positions; the number of failures in the photographic regis-
tration from ell causes being only 368. Of these 43,456 recorded positions, §941, being
about 1 in 7 of the whole body, differed by an amount equalling or exceeding 3'-3 from
their respective normals. The aggregate value of the differences of the disturbed posi-
tions, measured from the normals, was 86,6808 minutes of arc, of which 19,7487 were
easterly, and 16,8321 were westerly deflections.
~ Table IL. exhibits the aggregate values of the disturbances distributed into easterly
and westerly deflections, and into the several hours of their occurrence. The easterly
deflections derived from the ninety-five days are in column 2, and those derived from
the 5941 disturbed positions (4. e. from all disturbances equalling or exceeding 8"3)
in column 3 ; the westerly deflections derived from the ninety-five days occupy column 4,
and those obtained from the 5941 disturbed positions column 5. The Ratios which the
aggregate values of easterly and westerly deflection at the different hours bear to their
respective mean hourly values are shown in the same Table (II.), the easterly in columns
6 and 7; the westerly in columns 8 and 9. By comparing the values in columns 6
and 7 with each other, it will be seen that the Ratios of the easterly deflections exhibit
approximately the same law, whether obtained from the ninety-five days, or from all
disturbances equalling or exceeding 3"3 ; and by comparing the ratios in columns 8 and
9, it will be seen, in like manner, that there is a similar general accordance in the
ratios of the westerly deflections, whether obtained from the ninety-five days, or from
the more extensive induction: the laws, when examined by the ratios, are seen to be
approximately the same when derived by either process, although the aggregate values
are very dissimilar—beihg more than three times as great when the method of inves-
tigation is such as to comprehend all disturbances equalling or exceeding 38, as when
it is limited to the disturbances in ninety-five days of principal note.
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TasLe IL
Aggregate Values. Ratios.
Agfglo_ Easterly Deflections. Westerly Deflections. Easterly Deflections. Westerly Deflections. | s:i{r‘:)zo-
}? joal From Fr From 1) }IIn ical
ours. From ) From om From " From rom ours.
95 Days. all &Bg':r b- 95 Days. all £ Ls:grb- 95 Days. all 531 1:::'"!)' 95 Days. all gﬁ’:rb'
ml e | ® ] ® | e | ® o] | ®|a
0 59 247 276 1074 0:25 030 115 153 0
1 48 269 311 1157 0:21 0:33 157 165 1
2 50 308 379 1232 0-21 037 1:56 176 2
3 53 245 454 1175 0:23 0-30 1-88 167 3
4 96 371 443 1039 041 0:45 1-86 1-48 4
5 105 478 254 718 046 0:58 1-07 1-02 5
6 140 647 216 506 0:60 0-79 0°89. 0-72 6
7 249 999 108 314 1-07 1-21 0:44 0-45 7
8 315 1322 78 233 1:35 1-61 0:33 0:33 8
9 420 1562 110 257 1-81 1-90 0+45 0-37 9
10 524 1983 55 160 226 2:41 023 023 10
11 576 1978 65 156 2:47 2:40 027 0:22 11
12 572 1946 95 301 2:46 2:36 0:40 0°43 12
13 553 1706 86 371 2:38 2:07 0:35 053 13
14 576 1558 90 441 2+48 1-89 0:37 063 14
15 396 1245 57 376 171 1-51 0:24 054 15
16 262 862 164 488 1-12 1-05 0-68 0-70 16
17 136 419 340 839 0-58 0-51 1-40 1-20 17
18 65 243 464 1058 0:28 0°30 1-91 151 18
19 95 262 473 1175 041 0-32 1-95 167 19
20 71 289 406 1039 0:31 0-35 167 148 - 20
21 84 274 390 981 0:36 0:33 1-61 1-40 21
22 84 287 285 838 0-36 0:35 1-18 1-19 22
23 63 250 216 910 0-27 0-30 089 130 23
Sums...| 5592 19750 5815 16838 I Mean
- 233=100| 823=100, 243=1-00| 701 =1-00|< hourly
Means.| 233 823 243 701 values.

For the convenience of those who prefer graphical to tabular representation, the
diurnal course of the easterly deflections, corresponding to the Ratios in columns 6
and 7 of Table II., is exhibited in Plate XIII. figure 1, where the broken line shows
the diurnal march indicated by the ratios obtained from the ninety-five days, and the
unbroken line the diurnal march obtained from all the disturbances equalling or exceed-
ing 88. TFigure 2 is a similar representation of the diurnal march of westerly disturb-
ance-deflection, obtained, as shown by the broken line, from the ninety-five days, and
by the unbroken line from the more comprehensive investigation. The general aspect
of the two figures seems to establish in the most conclusive manner—

1. That the disturbances have systematic laws:

2. That the easterly and westerly deflections have each their own systematic laws,
distinct and different from each other: |

3. That these laws are approximately the same, whether derived from the more
limited or from the more comprehensive basis, although in the latter ease the aggre-
gate values of disturbance are more than three times as great as when the disturbances
of the ninety-five days only are taken into account.
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Hen-~= it follows that by taking only the'most notable days of disturbance in five years
(averaging nineteen in each year), we may gain an approximately correct view of the
character of the disturbance-diurnal variation; but if we desire not only to learn its
character, but also to eliminate its influence, in compliance with the prescribed condition
of “ eliminating the casual and transitory changes as a first and essential step towards a
correct knowledge of the more regular periodical variations,” then we see that the mere
omission of those ninety-five days is altogether inadequate for the desired object, as it
would scarcely eliminate a third part of the systematically disturbing element, shown to
admit of elimination by a more suitable process.

) 3. Disturbance-diurnal. Variation.

Table III. exhibits the excess of easterly over westerly, or of westerly over easterly
deflection at twenty-four equidistant epochs of the solar day, derived, in column 2, from
the disturbances in the ninety-five days, and in column 3, from all disturbances equal-
ling or exceeding 8"3 from their respective normals. These columns consequently show
the disturbance-diurnal variation corresponding to the more complete, and to the less
complete, process of elimination. The character of the progression is seen to be sub-
stantially the same in both cases, but the amount of disturbance is between three and
four times as great in column 3 as in column 2.

TasLe ITL.—Disturbance-diurnal Variation; or Excess of Easterly over Westerly, or of
‘Westerly over Easterly Deflection, at twenty-four equidistant epochs in the twenty-

four hours.

Kew Derived from the ninety-five| Derived from all disturb- Kow
Astronomical Fours. days of ému;’{')g 1Jilégz.able dis- |ances eq\1a1111,1§3 lor exceeding Astronomical Fours.
) @ ®) 4)
/ z

0 217 w. 826 w. 0
1 263 w. 889 w. 1
2 329 w. 924 w. 2
3 401 w. 930 w. 3
4 347 w. 607 w. 4
5 149 w. 240 w. 5
6 76 w. 141 E. 6
i 141 E. 686 E. 7
8 237 E. 1089 E. 8
9 310 E. 1305 E. 9
10 469 E. 1823 E. 10
11 511 E. 1822 E. 11
12 477 E. 1644 5. 12
13 467 =. 1336 . 13
14 486 E. . 1117 k. 14
15 340 E. 869 E. 15
16 97 E. 374 E. 16
17 204 w. 420 w. 17
18 399 w. 815 w. . 18
19 378 w. : 913 w. 19
20 334 w. 750 w. 20
21 206 w. 706 w. 21
22 201 w. 551 w. 22
23 153 w. - 660 w. 23
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For those who prefer graphical representation, the curved line in Plate XIII. fig. 3
exhibits the excess of easterly over westerly, or of westerly over easterly deflection, 7. e. the
disturbance-diurnal variation, obtained from the 5941 disturbances equalling or exceed-
ing 83 from the respective normals, as shown in column 3 of Table III. The straight
horizontal line in figure 3 represents the mean or normal position of the magnet at the
several hours, after the omission of the disturbances. It is figured for convenience as a
straight line, though in reality it is itself a curve following the progression of the solar-
diurnal variation. The lengths of the ordinates which are ebove the normal line indi-
cate the excess of the easterly over the westerly deflections at the hours when the
easterly preponderate, and those which are delow the normal line the excess of the
westerly over the easterly at the hours when the westerly deflections predominate.

The easterly portion of the disturbance-diurnal variation is seen to be continuous for
about ten hours, or from about 6 p.M. to 4A.M. The westerly portion is also continuous,
extending over the remaining fourteen hours, or from about 4a.M. to 6p.M. The
easterly has a single maximum occurring about midway between its commencement and
its termination. The westerly is more complex, having two maxima separated by an
interval of about 8 or 9 hours. But whilst the westerly excess extends over more hours
than the easterly, the areas of the two portions have nearly the same dimensions; or,
in other words, the sums of the hourly deflections in opposite directions are at Kew
nearly equal, and any small difference between them is not a persistent one, the easterly
exceeding in some years and in others the westerly. The equality or otherwise of the
sum of the deflections in opposite directions is apparently a point of some theoretical
significance, as will be further noticed when the analogous phenomena in other localities
come to be discussed. . :

As we find the same general forms of the two portions of the disturbance-diurnal
variation, which have been thus derived from the Kew photograms, reproduced in other
localities in the separated portions of the easterly and westerly deflections (with only
such slight variations as may well be supposed to be due to accidental or subordinate
causes), it may be desirable to examine somewhat more closely what may be viewed as
the characteristic differences of the deflections in the two directions. The easterly
deflection is represented, as we have already seen, in Plate XIII. fig. 1: it is distinguished
by its approximately conical form and single maximum, and by the small and nearly
equable amount of variation during the ten or eleven hours when the ratios are least-
Its general form thus bears a striking resemblance to the diurnal curve of the solar-
diurnal variation (as obtained after the careful separation and omission of the casual and
transitory changes); but the two phenomena differ from each other in the important
circumstance, that in the solar-diurnal variation the solar hours corresponding to its
different features are the same in all meridians in the extra-tropical parts of the same
hemisphere, whilst in the portion of the disturbance-diurnal variation which is now
under notice, the solar hours corresponding to its different features vary, apparently

without limit, in different meridians. This is a distinction which may well be supposed
MDCCCLXIII. 2q
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to indicate a difference in the mode of causation, although it would not justify an
inference that the sun may not be the originating cause in both cases.

The westerly deflections at Kew, represented in Plate XIII. fig. 2, have a decided
double maximum, with an intervening interval of about eight or nine hours. The
analogous form in other localities has the double maximum sometimes more and some-
times less decidedly marked. The interval intervening between the maxima is usually
of about the same duration at stations in the northern hemisphere; at some stations in
the southern hemisphere it is apparently somewhat longer.

The conical form and single maximum which characterize the easterly deflections at
Kew belong also to the easterly deflections in all localities in North America where the
laws of the disturbances have been investigated. But when we view the phenomena at
Nertschinsk and Pekin, which are the only two localities in Northern Asia for which
the investigation has yet been made, we find, on the contrary, that the conical form and
single maximum characterize the westerly deflections, whilst the easterly have the double
maximum. Further, we find that at the two Asiatic stations the aggregate values of
the westerly deflections decidedly predominate, whilst in America the easterly deflections
are no less decidedly predominant; and at Kew, which we may regard as an interme-
diate locality, the amount of deflection in the two directions may be said to be balanced,
there being in some years a slight preponderance of westerly, and in other years of
easterly deflection.

There is another circumstance which seems to connect, in what may prove even a
more instructive relation, the westerly deflections in Northern Asia with the easterly in
other parts of the northern hemisphere. I refer here to an approximate accordance in
absolute time which appears in the most marked features of the diurnal curve at the
widely separated localities of Pekin, Nertschinsk, Kew, and Toronto, at each and all of
which the curves as they are presented in Plate XIII. figs. 1, 4, 9, and 6 are the mean
result of several years of hourly observation*. These localities appear to be particularly
well suited for a comparison of this nature, being not very dissimilar in geographical
latitude, whilst they include a difference in longitude of no less than 195°. If we select
the epoch of the maximum deflection (or the apex of the curve) as the most marked
feature, the comparison would stand nearly as follows; commencing with the most
easterly, and proceeding in succession from east to west :—

* The figures 1, 4, 5, and 6 in Plate XTII., representing respectively the Easterly deflections at Kew and
Toronto and the Westerly at Nertschinsk and Pekin, are delineated from the following formule, in which a,
expressed in degrees 15 to the hour, is reckoned from the mean noon at the station :—

Kow . . . 14098 (sina+4280 22)—0-417 (sin 204286 29):
Toronto . . 14105 (sine+4285 58)—0-332 (sin 2a+334 07):
Nertschinsk . 1—0-94 (sina+309 02)—0-238 (sin 2e+ 13 11):
Pekin . . . 1—076 (sina+289 12)—0-200 (sin 2a+ 1 42).

Assuming that the formulae represent correctly the ratios at the several hours, the observed values are in very
tolerable accord with them ; at Kew and Nertschinsk they are the most so; at Kew the probable error of a single
‘hourly ratio is 4 0:056, at Nertschinsk +40-062.
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Approximate
Deflections. Localities. Latitudes. Longitudes. Local sol. Absolute H
ocal solar solute Hour
Hour. at Kew.
Pek G 54 B 6n =7

ekin ............ 39 54 ~. 11 E.=78 22 14
Westerly...... { Nertschinsk......| 51 19 . 114 9 E. —7 7 21 13
» i Kew..covvvrvvanen. 51 29 N. 0 0-0 11 11 .

Easterly ...... { Toronto ........ 43 40 . 79 0 w.=5-3 10 15

It must be remembered that the time of the occurrence of the apex (or maximum of
deflection) scarcely admits of very precise determination; and further, that assuming
for the disturbing impulse a common origin at any other point of the terrestrial surface
than at the geographical pole, and an equable but appreciable velocity of propagation,
the difference of the geographical meridians would not be the sole consideration in
deducing the absolute epoch from the local hours at different stations.

Could we thus identify the westerly deflections in Asia with the easterly in Europe
and America, we should have a confirmation on a very extended scale of M. GAUsS'S con-
clusion derived from the comparison of synchronous disturbances at stations remote
from each other, viz. that “the synchronous disturbances of the same element not only
differ widely in amount, but occasionally appear to be even reversed in direction.”

It may be that this may prove the first step in the inductive inquiry which may lead
eventually to a complete understanding of the systematic distinction which we find in
comparing the solar-diurnal with the disturbance-diurnal variations,—by referring the
first to causes which, within the sphere of their operation, produce the same phenomena
at the same solar hours; and the second to effects originating (as far as the terrestrial sur-
face is concerned) in special localities from whence they are propagated, and admitting
of classification by means of the absolute hours to which they approximately correspond.
For a conclusion of such moment, however, much preliminary investigation is still
required, for which materials either do not yet exist, or have not yet been submitted to
the necessary processes of examination. It seems especially important that the laws of
the disturbances, and of their respective easterly and westerly deflections, should be
known at a station or stations intermediate between Nertschinsk and Kew.

The propriety of making the easterly and the westerly deflections the subjects of
distinct investigation will be still more apparent by reverting to Plate XTII. fig. 3, and
remembering that the areas containing respectively the ordinates above and below the
normal line are subject at different stations to horizontal displacements, each indepen-
dent of the other; and thus that at some stations the opposite deflections may have a
tendency to mask each other’s influence in the resultant mean deflection (7. e. in the
excess of easterly over westerly, or of westerly over easterly deflection). It happens at
Kew that the large disturbances in opposite directions take place at opposite hours of
the twenty-four, and that they thus record themselves in great measure independently
of each other; but experience has already shown that there are stations where large
disturbances show themselves in both directions, on different days, at the same hours;
and such deflections would of course tend to neutralize each other in the resultant
mean, thus masking the operation of the general causes whose laws we desire to learn.
This inconvenience is in great measure remedied by the method of analysis which has
been adopted, whereby the deflections are exhibited separately as well as in their com-
bination. _

2q2
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§ 4. Diwrnal Inequality and Solar-diurnal Variation. Tables IV, and V. p. 284.

The diurnal inequality (which is by no means identical with the solar-diurnal variation
as has been sometimes assumed) has in fact two principal constituents, viz. the solar-
diurnal variation itself, and the disturbance-diurnal variation. It is obtained for each
month by taking the differences between the mean positions of the magnet at each of
the twenty-four hours and the mean position in the month (the latter being the mean of
all the days and all the hours in the month). It is the first step in the process of
obtaining in a separate form the several periodical variations from the combination in
which they appear in the photographic records, and includes all the positions tabulated
from the records, without the exception of any. Table IV. (page 284) exhibits the
diurnal inequality in each month, on the average of the five years, from January 1858 to
December 1862 inclusive. ’ »

The solar-divrnal variation, shown in Table V. (page 284), is obtained by a similar
process from the hourly positions in the same period, exclusive of those which differed
33 or more from their respective normals of the same month and hour—the normals
being the hourly means in each month after the exclusion of all the disturbed positions.
By this process the effects of the ¢ casual and transitory changes” become in a very
great degree “ climinated ;” and we obtain a measure of the solar-diurnal variation which
is only very slightly affected by the small portion of the disturbance-diurnal variation
which remains after the separation and omission of the disturbances equalling or
exceeding 88 from their respective normals.

Plate XIV. exhibits the solar-diurnal variation at Kew (fig. 2), in comparison Wlth the
same at Toronto (fig. 1), Nertschinsk (fig. 8), Pekin (fig. 4), St. Helena (fig. 5), Cape of
Good Hope (fig. 6), and Hobarton (fig. 7). Figs. 1, 2, 3, & 4 show the march of the
solar-diurnal variation at stations in the middle latitudes of the northern hemisphere,
fig. 5 in the equatorial region, and figs. 6 & 7 in the middle latitudes of the southern
hemisphere.

In figs. 3 & 4, compared with 1 & 2, we see the 0'raduatl flattening of the curve as
the magnetic equatorial region is approached. In fig. & (geographical latitude of
St. Helena, 15° 55’ S.) we perceive the incipient reversal of the diurnal march; whilst
in figs. 6 & 7, and particularly in fig. 7 (Hobarton, where the dip is more than 70°,
and the total force 136 in British units), we see the reversal completed, and the full
development of the characteristic features appertaining to the southern hemisphere.

It is seen in the Plate that at the stations in the northern hemisphere generally, the
north end of the magnet passes rapidly from its extreme eastern limit (about 8 .M., or
nearer 9 A.M. at Pekin) to its extreme western limit (about 1 p.M., or rather later at
Pekin), the motion being more rapid between 10 and 11 A.m. than at any other hour of
the twenty-four; and that during the remaining nineteen hours the north end returns
to its eastern limit by a progression tolerably rapid from about 2 to 7 p.u., scarcely
sensible from 7 p.M. to 3 or 4 A.M., and again more rapid until 8 oM. The turning hours
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are approximately the same at the four stations, having apparently no relation whatsoever

to the varied circumstances of sea or land in the vicinity. Taking Hobarton as the best

representative which we possess of the southern hemisphere, we see in the Plate the

analogy of its phenomena to those of the northern stations. We have the same rapid
movement from one extreme to the other, occupying the same portion of time, viz. five

hours, and the return occupying the remaining nineteen hours; but the directions of the

two movements are inverted, the 5-hour movement being in the southern hemisphere

from West to East, and the slower, or 19-hour return, being from East to West. The

epochs are nearly but not quite the same, being apparently about an hour later in the

southern hemisphere.

In the curve of the Cape of Good Hope (fig. 6) we have the same general features as
at Hobarton, but with a more ﬁattened curve, indicating a nearer proximity to the equa-
torial region. :

If, now, we permit ourselves to depart from the general custom of expressing the
variations of the Declination in the northern as well as in the southern hemisphere by
the directions of the north end of the magnet, and to speak of the solar-diurnal varia-
tion in the southern portion of the magnetic sphere as a movement of the soutk end of
the magnet (using the same phraseology as before for the northern hemisphere), we
appear to gain a greater simplicity in describing the general characteristics of the
phenomena in the two hemispheres. In such case the Hobarton curve is reversed,—
the westerly deflections of the north end becoming easterly deflections of the south end,
and vice versd,—the inflections of the curve of the annual solar-diurnal variation at
Hobarton then appear altogether as the counterparts of those at Kew and Toronto
(excepting in the one feature peculiar to the southern hemisphere, of the turning hours
being about an hour later than in the northern hemisphere). This correspondence is
shown in plate 1 of the first volume of the Hobarton Observations, published in 1850,
and in fig. 7 of Plate XIII. accompanying this paper. In like manner the annual curve
at the Cape of Good Hope, when reversed, becomes the counterpart of those at Pekin
and Nertschinsk ; whilst at St. Helena, so near the dividing line between the hemi.
spheres, the annual solar-diurnal variation has almost entirely disappeared, the small
remaining inflections, seen in Plate XIV. fig. 5, being due, for the most part at least, to
the semiannual inequality, which is the subject of the next section (§ 5).

§ 6. Semiannual Inequality of the Solar-diurnal Variation.

The solar-diurnal variation exhibited in Table V. is seen by the semiannual means,
April to September, and October to March, to be subject to a systematic difference
in the two halves of the year, coinciding, or nearly so, with the sun’s position on opposite
sides of the equator. In Plate XV. fig. 1, the curve corresponding to the mean solar-
diurnal variation at Toronto, from April to September, is represented by the black
line, and the curve corresponding to October to March by the red line. The systematic
character of this half-yearly variation is shown by the corresponding curves similarly



MAGNETIC OBSERVATIONS AT THE KEW OBSERVATORY. 287

represented by black and by red lines for Kew (fig. 2), Nertschinsk (fig. 3), Pekin
(fig. 4), St. Helena (fig. 5), Cape of Good Hope (fig. 6), and Hobarton (fig. 7). The scale
is the same in all the figures. It will be seen that at all these stations the curve from
April to September is on the upper or East side of the October to March curve, from
about midnight, or a little later, to about 9 or 10 A.M. in the northern hemisphere, and
about 10 or 11 A.y. in the southern hemisphere; and on the lower or West side of the
October to March curve during the remainder of the twenty-four hours. On successively
considering the figures in Plates XIV.and XV.,we perceive that the annual curves progres-
sively lessen as the equatorial region is approached, reappearing in a reversed direction in
the southern hemisphere, and gradually increasing in magnitude so as to have at Hobar-
ton, in the middle latitudes of the southern hemisphere, nearly the same magnitude as at
Toronto and Kew in the northern hemisphere; but that through all these changes both
of magnitude and direction in the annual curves, the semiannual variation (or the differ-
ence between the two semiannual curves in each case) remains persistent throughout;
the same in direction at the same hours, and the amount approximately the same in
all parts of the globe. Thus in the equatorial region, where the annual inflection almost
or entirely disappears, the semiannual portion still subsists, and presents in each of
the half years, separately viewed, the phenomenon of a solar-diurnal variation. This
is approximately exemplified at St. Helena, which, however, is a little on the southern
side of the magnetically dividing line between the hemispheres. As the southern mag-
netic latitude increases, the annual solar-diurnal variation, as shown in Plate XIV., pro-
gresively increases in magnitude, but in a reversed direction from those of the analogous
phenomena in the north, as has already been noticed. Thus it will be seen that the two
portions, viz. the annual and the semiannual, both of which we recognize to be due to
the sun’s action, inasmuch as they follow the order of the solar hours, evince apparently
a dissimilarity in the mode of operation of the producing cause; in the one class of
effects, viz. in the annual, the north end of the magnet is deflected in opposite directions
in the two hemispheres, the deflection disappearing altogether at the magnetic equator ;
whilst in the other class, viz. the semiannual difference, no such inversion takes place,
and the deflections are approximately the same in amount and direction in the equa-
torial as in all other parts of the terrestrial surface*.

* The general custom of speaking always of the north end of the Declination magnet is here followed: if
this were modified as suggested in page 286, the reasoning upon the characteristic distinction between the two
phenomena would, it is obvious, remain essentially the same.
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§ 6. Lunar-diurnal Variation.

Table VI. contains the lunar-diurnal variation on the mean of each year, from 1858 to
1862 inclusive, and a general average taken for the five years.

TasLk VI.—Lunar-diurnal Variation in Seconds of Arc.

Years ending December 31,
o Mo | i
ours. 1858. 1859. 1860. 1861. 1862. ’
0 |w 60| 06 w126 w. 54w 78w &2 0
1 w.ld44 | w. 72| w.126 | w. 60 | w. 66 | w. 96 1
2 w.108 | we 96 | w. 54 | w. 72| w. 90| w. 84 2
3 we 78| we 42| w. 30|k 24| 24| w. 20 3
4 w.e 30 | w. 42| w. 24| E 42 ]|E 24| w 06 4
5 E. 54| w. 66| E 54| 66 |E 90| E 40 5
6 E 120 | E. 12 | E. 30 | E. 144 | E. 144 | . 90 6
7 E 90| E 42 | E 96 | E 162 | E. 174 | E. 11°3 7
8 E. 96| E. 84 |E 78|E 66| E 144 | E 96 8
9 Ee 72| E 66| w. 09| w. 1'2 | E. 12:0 | E. 47 9
10 E. 30 | E 72| w. 1'8 | w. 66| w. 24 01 10
11 we 36| w. 12| w., 42| w.108 | w. 78 | w. 55 11
12 w., 48| w. 90| w.180 | w. 84 | w. 78| w. 96 12
13 we 30| w.132 | w.150 | w.13'2 | w.12:0 | w.11:3 13
14 w. 30| w. 84| w. 96 | w.108 | w. 156 | w. 95 14
15 w. 72| w. 36| E. 42| w. 84| w.12:0 | w. 54 15
16 F. 30 |E 36 |E 78| w. 66| w.108 | w. 06 16
17 E. 78] E 96| r 138 | w. 24 | w. 42 | 5 51 17
18 E. 78| E 144 | 5 174 | E. 30 00 | B. 85 18
19 E. 48| E 180 | E. 150 ]| E. 90| E. 24| E 98 19
20 30 | 5. 126 | E. 60 | E. 102 | E. 120 | E. 88 20
21 . 24 | v, 186 | E. 24| E 108 | E. 78| E 74 21
22 w. 78 | E. 96| w. 30| E. 78| E 54 |E 24 22
23 we 60 | E. 54| w. 36| E. 06| w. 42| w., 16 23

We see in this Table a form of diurnal variation systematically and essentially different
from that of the solar-diurnal variation. This characteristic form, which is shown alike
by each of the three magnetic elements in all parts of the globe for which the investigation
has been made, consists in a double fluctuation taking place in every twenty-four hours,
with two extreme deflections in each direction,—the zero-line, or line in which the moon’s
action produces no deflection, being passed through four times at nearly equal intervals
of six lunar hours. At Kew the extreme westerly deflections occur at 1 and 13 hours, and
the extreme easterly at 7 and 19 hours. The extremes at 7 and 13 hours appear to be
somewhat larger than those at 1 and 19 hours (the two greater elongations being each
11"-3, and the lesser 9”8 and 9"-6, on the average of the five years). This difference
may have an important theoretical bearing if confirmed by the results in future years,
and in other parts of the globe. '

In considering the lunar-diurnal variation of the three elements in different parts of
the globe, the division of the lunar day into four alternate and nearly equal deflections
in opposite directions appears, as already stated, to be a general feature; but the
amount of deflection (speaking of the declination) appears to diminish as the equator is
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approached, reincreasing in the southern hemisphere, and attaining at Hobarton nearly
the same value as at Kew. The hours of extreme deflection are not the same at all
stations: the north end of the magnet has its extreme westerly deflections at Kew (in
the northern hemisphere), and its extreme easterly deflections at Hobarton (in the
southern hemisphere) at the same hours, and wvice versd ; there is a similar correspondence
of hours in the opposite deflections of the same end of the magnet at Pekin in the
northern, and at the Cape of Good Hope in the southern hemisphere; but the hours
at Kew and Hobarton are different from those at Pekin and the Cape of Good Hope:
however, results at more stations must be obtained before we can draw any certain
inferences as to the systematic character and theoretical bearing of such differences.
There are six stations where the lunar-diurnal variation of the declination has been
computed by myself, viz. Toronto, Kew, Pekin, St. Helena, the Cape of Good Hope, and
Hobarton: the results at these stations are published in the second volume of the
Magnetical and Meteorological Observations at St. Helena, pp. cxlvi-cxlviii.

)
=

MDCCCLXIII.
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Results of the Magnetic Observations at the Kew Observatory, from 1857 to 1862 inclusive.
No. IL

Received June 18,—Read June 18, 1863.

§ 7. Secular Change and Annual Variation of the Declination.

Ir is desirable to advert briefly to the process by which these results are elaborated
from the photographic records. The twenty-four equidistant hourly positions having
been tabulated from the photograms, are written in monthly tables, having the days of
the month arranged vertically, and the twenty-four hourly positions in each day hori-
zontally. The hourly positions in each verticel line are then examined, and those in
which the difference from the normal of the same hour equals or exceeds 0-15 in. in
the photographic scale, or 33 in arc, are marked as disturbed positions, and are put
aside for separate consideration. This process is repeated until the final normals are
the means of the positions in each vertical line after the omission of all those which
differ from them by an amount equal to 33 or upwards. A mean is then taken of the
positions which remain in each korizontal line after the exclusion of the disturbed posi-
tions, omitting only days on which the disturbed hours equalled or exceeded six in number,
or one-fourth of the whole number of the tabulated positions. The means thus obtained
are considered to show the mean declination at the observatory for each day. The
daily values are then collected in weekly groups, of which there are consequently fifty-
two in each year, and mean weekly values are taken, such as are exhibited in columns 2
to 6 of Table VII. (page 292), for the five years commencing in January 1858 and end-
ing in December 1862. The mean of the weekly values in each year corresponds to
the mean declination on the 1st of July of that year; and these mean values are placed
at the foot of each annual column in Table VII., whilst the means of the values in the
several horizontal lines, seen in column 7, show the weekly values én a mean or typical
year, derived from the hourly positions in the five years, and corresponding chrono-
logically, in the case of Table VII., to the successive weeks in the year 1860. The
mean declination of the whole Table, corresponding to July 1, 1860, is seen at the foot
of column 7; it is 21° 39’ 18”1 W, and is based upon 260 weekly values, or upon
6240 hourly positions (diminished by the positions omitted, as above stated, on account
of disturbance). The differences from this mean value seen in the several weekly means
in the typical year (column 7) are ascribable (partly, of course, to casual errors, but)
chiefly, as will be seen, to the effects of systematic variations. The presence of one of
these, known commonly by the name of secular change (inasmuch as its period is of long
and yet undetermined duration), is conspicuous, and its mean amount during the five
years embraced by Table VIIL. becomes known by comparing with each other the mean

declination in each successive year, placed at the foot of the respective columns. Here
we find that
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From July 1858 to July 1859, the West Declination decreased 6 459

, 1859 . 1860, . . ., . 73810
» 1860 ,, 1861, ”» » » . 8157
, 1861 ., 1862, N N . 8 036

whence we have 7' 39" as the mean annual amount of decrease in the West Declination
at Kew in the five years, corresponding, (as a precise deduction,) to July 1, 1860, the
middle epoch of the mean or typical year.

It is obvious that if we apply a proportional part of this secular change to the several
weekly values in the mean or typical year, we obtain fifty-two corrected values of the
declination, each of which, if there were no other systematic variation than that of the
secular change, should agree with 21° 39" 18"1; or should show only such small and
unsystematic differences as might reasonably be ascribed to casual errors. The character
of the differences actually presented sufficed to show that something more was involved,
not explicable by the small variation in the rate of secular change itself which appeared
to be pointed out by the Table. Small, however, as was this last-named variation, it
seemed proper that it should be taken into account before we should be prepared to
take a final view of the results.

It is well known that a few years ago the secular change in London was a small annual
increase of west declination, and that from causes yet but imperfectly understood, this
increase first diminished and then ceased, giving place to a change in the opposite direc-
tion, at first slow, but becoming progressively more rapid; so that at present the rate
of decrease is very nearly if not quite equal to the rate of increase which existed at the
time first spoken of. Thus the secular change at Kew (which we may regard as the
same as at London) appears to have been somewhat less in 1858 and 1859 than in 1861
and 1862, and therefore, inferentially, less in the earlier than in the later portions of
each year; so that we may possibly obtain more exact values of the corrections to be
applied for secular change in the different parts of the mean or typical year by substi-

1 39l
tuting for a mean value of 7 5329 =8"-83, weekly corrections commencing with 8”5 and

progressively increasing to 9"-1. These corrections are shown in column 8, and pro-
duce the corrected values in column 9. The differences of the values in column 9, from
21° 89" 181, have been placed in column 10, to which I desire to direct attention. The
mere aspect of the + and — signs in this column appears to point to a semiannual
inequality coinciding very nearly with the sun’s position in respect to the equator. If
we arrange the differences in two categories, one including the twenty-six weeks from
March 26 to September 23, and the other the twenty-six weeks from September 24 to
March 25 (which is the division of weeks most nearly according with the equinoxes),
the almost constant prevalence of the — sign in the first, and of the 4 sign in the second
category, indicates with a very high degree of probability an annual variation, whereby
the north end of the magnet points more towards the east when the sun is north, and
towards the west when the sun is south of the equator; and we obtain in the first
2R 2
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category (corresponding to the interval between March 26 and September 23) an average
weekly diminution of 28”95 of West Declination, and in the second category (corre-
sponding to the interval between September 24 and March 25) an average weekly
augmentation of 2990 of West Declination,—making together an annual variation
amounting to 58-85.

TaBLE VII.—Weekly Means of West Declination at Kew, from January 1, 1858 to
December 31, 1862.

Mean weekly || Differences
Correc- values of the several
Period 1858. 1859. 1860. 1861. 1862. Means. || tions for | corrected | weekly cor-
' secular | for secular || rected values
: change. change. from
21°4 21°4 21°4 21°4 214 21°4 21°F  |[21° 39" 18"1.
(0] @) 3 @ (8). (6) @ () ()] 10)
i i ] 1 i i i ) i i i 1 4
Jan. 4.) 56 326 | 52306 | 43 152 | 35 006 | 28 477 || 43153 | —3 411 | 39 322 +1411
11. | 54 495 52 465 42 26-3 34 249 28 50-3 42 395 -3 326 39 069 -11-2
18. | 55 238 52 425 42 448 33 439 28 37°1 42 384 -3 241 39 143 - 38
25. | 55 569 52 359 42 170 34 22-3 28 331 42 450 -3 155 39 295 4114
Feb. 1. 57 110 52 306 42 144 34 514 27 244 42 504 —3 069 39 435 +254
8. | 57 533 52 39-8 41 57-2 34 487 27 046 42 527 —2 584 39 543 +36-2
15. | 58 343 51 549 41 466 | 35 006 26 566 42 506 —2 49-8 40 00-8 +42:7
22. | 57 004 51 417 41 22-8 35 205 27 15°1 42 32'1 —2 412 39 509 -+32-8
March 1. | 56 326 51 086 41 04:3 35 323 26 44-7 42 12°5 -2 326 39 399 +21-8
8. | 56 233 51 166 40 497 35 046 26 500 42 048 —2 239 39 409 +-22-8
15. | 56 53-8 51 417 4] 545 34 553 27 072 42 305 -2 153 40 152 +57-1
22. | 56 207 51 166 40 365 34 275 26 20-9 41 484 —2 067 39 417 +236
29. | 56 194 51 25-8 40 51°1 33 360 26 077 41 400 -1 580 39 420 +23-9
April 5. 56 06-2 50 38-2 41 00:3 | 33 082 24 589 41 104 —1 493 39 21-1 + 30
12. | 54 40-2 49 586 | 41 17:5 33 452 24 470 40 537 —1 40-6 39 131 — 50
19.| 55 1149 | 49 545 40 445 34 03-8 25 109 41 011 -1 330 39 29°1 +411-0
26. | 54 177 50 025 40 28-6 33 10°9 25 122 40 384 -1 233 39 151 — 30
May 3. | 53 526 48 512 40 02-1 32 233 24 12-7 39 524 —1 14:6 38 37-8 —403
10. | 54 032 47 1149 40 352 32 233 24 06-1 39 399 -1 058 38 34-1 —44+0
17. | 53 248 47 092 40 193 32 074 24 325 39 306 -0 571 38 335 —446
24. | 53 579 47 172 40 51-1 31 595 23 237 39 299 —0 483 38 41-6 —36'5
31.| 54 1111 46 335 39 542 32 259 23 052 39 140 —0 396 38 344 —437
June 7.| 53 553 46 07-1 39 489 31 370 22 57-3 38 531 -0 308 38 22:3 —55'8
14. | 54 032 45 473 39 582 30 374 23 01-3 38 415 —0 220 38 195 —586
21. | 54 521 45 221 40 035 31 105 22 08-3 38 433 —0 132 38 301 —480
28. | 53 275 46 01-8 40 51-1 31 158 21 55°1 38 42-3 —0 04:4 38 379 —402
July 5. | 53 089 44 464 38 11-1 30 295 21 525 37 417 +0 044 37 46-1 —-920
12. | 53 341 45 06-3 39 079 30 46-7 21 485 38 047 -+0 132 38 179 —60-2
19. | 53 156 44 570 39 05-3 30 30-8 21 20-8 37 499 +0 22-1 38 120 — 661
26. | 53 129 44 49°1 38 01-8 30 52:0 21 458 37 44-3 +0 31-0 38 153 —62-8
August 2. | 52 398 45 010 37 274 31 065 22 004 37 390 +0 398 38 188 —593
9. | 53 235 45 06-3 38 230 31 264 21 51-2 38 021 +0 487 38 508 —278
16. | 54 098 46 085 38 203 31 515 21 34:0 38 24'8 40 576 39 224 +47-3
23. | 53 169 45 34°1 | 38 494 31 145 21 035 37 597 +1 066 39 06-3 -11-8
30. | 52 187 45 30°1 39 225 30 34-8 21 392 37 531 +1 155 39 086 - 95
Sept. 6. | 52 015 44 21-3 40 339 30 28-2 21 14-1 87 438 +1 244 39 082 - 99
13. [ 51 391 45 274 40 339 30 017 21 353 37 515 +1 334 39 249 + 68
20. | 52 439 44 280 40 20-7 30 282 21 22-1 37 526 +1 42:3 39 349 4168
27. | 52 108 44 557 41 135 29 089 21 4149 37 502 +1 513 39 415 +23+4
Oct. 4. ] 52 452 45 103 40 27-3 28 25-2 22 30-8 37 51'8 +2 00-3 39 521 +-34:0
11. | 53 14:3 44 530 40 154 28 517 22 149 37 539 +2 09-3 40 03-2 +45°1
18. | 52 518 44 544 40 220 29 023 22 308 37 563 +2 183 40 146 +565
25. | 52 306 44 21-3 40 352 29 07-6 22 440 37 517 +2 27:3 40 190 4629
Nov. 1.| 52 412 44 478 39 159 28 358 21 47-2 37 256 +2 363 40 01°9 438
8. | 52 082 44 187 38 190 28 517 20 596 36 554 +2 454 39 408 +22-7
15. | 52 465 44 187 36 45-1 28 239 21 340 36 456 +2 544 39 400 +219
22. | 52 161 44 45°1 36 47-8 28 437 21 485 36 522 +3 035 39 557 +376
29. | 52 266 45 530 36 596 28 451 21 23-4 36 535 +3 125 40 060 +47-9
Dec. 6. 52 571 45 037 36 26-6 28 569 20 39-8 36 488 +3 21-6 40 104 +52-3
13. | 53 22-2 44 544 36 134 28 319 20 04:0 36 372 +3 307 40 079 4498
20. | 52 491 44 06-8 35 509 28 37:1 19 376 36 123 +3 39-8 39 52-1 -+34-0
27.| 52 465 43 21-8 35 125 28 252 19 310 35 514 +3 490 39 404 +223
Annual . . . . . .
Means 54 080 47 22-1 39 51-1 31 364 23 328 39 181
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We may compare with Table VII., and the conclusions derived from it, a corre-
sponding Table (VIIL. page 294) of the weekly means of the hourly observations of the
Declination at the Hobarton Observatory, between October 1843 and September 1848,
made by Captain Kavg, R.N., and his assistants in that establishment. The observations
themselves are published in the second and third volumes of the Hobarton Observa-
tions, and have been treated for the present purpose precisely in the same way as those
of the Kew Observatory, 218 having been taken as the standard of a disturbance,
instead of 33 as at Kew, a somewhat lower standard being required at Hobarton to
separate the same proportion of disturbed observations for the investigation of their
laws, and being otherwise unobjectionable. The mean declination in the successive
years is placed at the foot of columns 2, 3, 4, 5, and 6 of Table VIIIL, and from these
we obtain the secular change in those years as follows :—

From April 1844 to March 1845, the East Declination increased i 2'?'6

” 1845 ” 1846, ” ” ” 2 02-2
” 1846 ” 1847, ” ” ” 1073
” 1847 » 1848, ” ” ” 0 55-8

‘Whence we have 1’ 23”2 as the mean annual increase of East Declination at Hobarton
in the five years, corresponding precisely to the middle epoch of the mean or typical
year, ¢. e¢. the beginning of April 1846, and which has for its mean declination
9° 56' 189 E.  Column 7 of Table VIIIL contains the weekly means in the typical
year, each on the average of the five years. Column 8 shows the corrections for secular
change, being proportional parts of an annual change of 1’ 23"-2. Column 9 contains
the weekly means in column 7 corrected for secular change to the beginning of April
1846; and column 10 the differences in the values in column 9 from the mean declina-
tion 9° 56' 13"-9, derived directly from all the weekly means in the five years.

The aspect of the 4 and — signs in column 10 appears conclusive in respect to the
existence at Hobarton of a semiannual inequality analogous to that which has been
shown to exist at Kew. The direction of the inequality in the two semiannual periods
is also the same in the two hemispheres, the north end of the magnet pointing more
towards the east both at Kew and at Hobarton when the sun is north of the equator
and to the west when the sun is south of the equator. If we regard the equinoxes as
the approximate epochs of the semiannual change, we find in the weeks from April to
September an average increase of east declination of 191, and in the weeks from
October to March an average decrease of east declination of 19"-0, making together an
annual variation of 38"1.
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TasLE VIIL.—Weekly Means of East Declination at Hobarton, from October 1, 1843
to September 30, 1848.

. Mean weekly || Difference of
Years ending September 30, Correc- | values cor- | the several
Period. Means, || S0 lT | Mool | comectid
1844, 1845. 1846 1847. 1848. change. change. values from
94 94 9°4 94 4 94 9°F 9° 56/ 139,
O] @) 3) ) ) (6) (7)‘ ® ® (10)
{ A A '/ A // - /" / 7/ /! !/ { 44 /
Oct. 4.| 51570 51306| 55258| 57066 | 58006 | 55277 +408 | 56085 — 054
11. 51 576 53 564 55 480 57 168 58 09-0 55 256 392 56 04'8 —-091
18. 51 456 53 184 55 396 57 314 58 40-8 55 232 376 56 00-8 —131
25. 51 462 53 376 55 420 57 152 57 342 55 11-0 +360 55 470 —269
Nov. L 52 054 53 234 55 390 57 22-8 58 22-2 55 22-6 +-344 55 570 —169
8. 51 516 53 34'8 55 57'6 57 264 57 408 55 182 +32-8 55 510 —22:9
15. 51 46'8 53 000 55 516 57 174 57 402 55 072 +31-2 55 384 —356
22, 51 408 53 22-2 55 342 57 294 57 168 55 04-7 +296 55 338 —40°1
29, 51 522 53 084 55 012 57 063 58 240 55 06-4 4280 55 344 —395
Dec. 6. 52 06-8 53 114 56 024 57 012 57 468 55 187 264 55 40-1 —338
13. 52 026 53 186 55 27-9 56 552 57 57-6 55 084 +24-8 55 332 —407
20, 52 04-8 53 46-8 55 22-2 56 52-8 57 357 55 085 +-23-2 55 317 —422
27. 52 056 53 492 55 309 57 108 57 390 55 151 +21'6 55 367 372
1844. 1845. 1846. 1847. 1848.
Jan. 3. 52 378 53 22-8 55 276 57 063 57 402 55 149 +4-20-0 55 349 -390
10. 52 552 54 012 55 324 56 480 57 480 55 250 4184 55 434 —-30'5
17. 52 270 53 558 55 40-2 56 576 57 474 55 216 +16-8 55 384 —385'5
24, 52 342 53 426 55 456 57 255 57 516 55 279 152 55 431 —30-8
31. 52 588 53 582 55 25'8 57 036 58 10-8 55 314 +13+6 55 450 —28-9
Feb, 7. 52 59-4 54 270 55 588 57 264 58 40-2 55 544 +12:0 56 06-4 —07'5
14, 52 558 54 19-8 56 120 57 132 58 054 55 452 +104 56 55°6 —18:3
21. 53 084 54 438 56 26-4 57 284 58 243 56 02:3 4 88 56 111 —02-8
28. 52 594 54 396 56 252 57 456 58 276 56 035 + 72 56 107 —032
Mar. 7. 53 55'8 54 318 56 21-0 58 030 59 03:0 56 22-9 + 56 56 285 +14'6
14, 53 420 54 438 56 534 58 07-2 58 477 56 268 + 40 56 30-8 +169
21. 53 42:0 55 07-2 56 42:0 57 57-8 59 303 56 359 + 24 56 383 4244
28. 53 31-2 54 46-8 56 58-2 57 522 58 522 56 241 + 08 56 249 +11-0
April 4. 53 576 55 078 57 156 58 168 58 330 || 56 382 — 08 56 374 +235
11, 53 498 55 10:2 57 126 58 183 59 06-9 55 436 — 24 56 412 +27-3
18. 53 40-8 55 072 57 204 58 06-6 59 132 56 416 — 40 56 376 +237
25, 53 396 55 084 57 090 58 081 58 447 56 340 — 56 56 284 +14:5
May 2. 54 03-6 55 066 57 234 58 336 58 582 56 491 — 72 56 419 +28:0
9. 53 504 55 132 57 246 58 09:6 59 270 56 49-0 — 88 56 402 +26-3
16. 54 000 55 288 57 12:3 58 276 59 15°0 56 527 —104 56 423 4284
23. 54 01-2 55 246 57 174 58 312 59 156 56 54:0 ~--12:0 56 420 +281
30. 54 102 55 354 57 306 58 270 59 186 57 00-4 —136 56 46'8 +32:9
June 6. 53 570 55 01-2 57 240 | 58 276 59 174 56 494 —15-2 56 342 +20-3
13. 54 024 55 300 57 282 58 396 59 318 57 024 —16-8 56 456 +317
20. 53 390 55 39:0 57 306 58 240 59 306 56 566 —184 56 382 +-24-3
27. 53 450 55 336 57 31-8 58 22-8 59 210 56 548 —20-0 56 340 +201
July 4.| 53 372 55 24:0 57 59-4 58 168 59 276 56 570 —216 56 354 4215
11, 53 474 55 26-4 57 534 58 366 59 31-8 57 03-1 —232 56 399 +26-0
18. 53 516 55 246 57 366 58 282 59 30-3 56 583 —24-8 56 335 +196
25. 53 52-2 55 24:6 57 408 58 258 59 144 56 556 —264 56 29-2 +153
Aug. 1. 53 594 55 264 57 492 58 10-8 59 360 57 004 —280 56 320 +181
8. 53 554 55 252 57 444 58 246 59 240 56 587 —29'6 56 291 +15-2
15. 23 54-2 55 294 57 276 58 07-2 59 20-1 56 517 312 56 20-5 +06-6
22, 54 06-1 55 300 57 402 57 549 59 408 56 584 —32-8 56 256 +11-7
29, 54 019 55 354 57 294 58 114 59 312 56 579 —344 56 235 +09-6
Sept. 5. 54 042 55 306 57 40-2 58 126 59 144 56 564 —36:0 56 20-4 +06'5
12, 54 07-2 55 29-4 57 270 58 072 59 24-0 56 550 —376 56 174 +035
19. 53 40-8 55 336 58 006 57 4240 59 390 56 552 —39-2 56 160 +021
26. 53 414 55 27-6 57 342 58 183 60 024 57 00-8 —40-8 56 200 +06-1
Annual Vg 53 19,4 19 54 400 |9 56 42:2 |9 57 495 |9 58 45:3 |9 56 139
means
Secular 1/ 276 2 022 vV 0742 o "
hange | 7 5578
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In volume II. of the Magnetic Observations at St. Helena, p. v, an examination is
made of the monthly values of the declination obtained from eight years of observation,
corrected for secular change, and collected in a Table. These also indicate the exist-
ence of a semiannual inequality having epochs coincident, or nearly so, with the equi-
noxes—the north end of the magnet pointing, as at Kew and Hobarton, more to the east
in the months from April to September, and to the west from October to March. The
amount of the inequality is less than at Kew or Hobarton, ““the semiannual difference
being about 14 seconds of arc.”

The first volume of the Magnetical Observations at the Cape of Good Hope, published
in 1851, contains the fortnightly means of the hourly observations of the declination
from July 1842 to July 1846 ; these are corrected for secular change in Table III. of
that volume, and the differences of the declination in each fortnight (so corrected) from
the mean declination of the whole period, are shown in the final column. The mean
of the thirteen fortnights (in the four years) between March 26 and September 23 is
0-40 more easterly, and of the thirteen fortnights between September 24 and March 25
0'-40 more westerly than the mean of the year,—thus showing an annual variation of
080 or (48"0), or a semiannual inequality averaging 24" to the East in the thirteen
fortnights from March 26 to September 23, and 24" to the West in the thirteen fort-
nights from September 24 to March 25. This is in accordance with the other stations
previously discussed.

The fact of the existence of an annual variation with analogous phenomena at the
four widely separated stations of Hobarton, St. Helena, the Cape of Good Hope, and
Kew appears to be thus substantiated; its amount is least at St. Helena, intermediate
at the Cape and Hobarton, and greatest at Kew; the difference in amount is doubtless
to be aseribed, in part at least, to the difference in the amount of the antagonistic force
of the earth’s magnetism, tending to retain the magnet in its mean place in opposition
to all disturbing causes. This force (the horizontal component of the earth’s magnetic
force) is, in British units, approximately 5'6 at St. Helena, 45 at the Cape and Hobarton,
and 3-8 at Kew.

§ 8. kAnnualf Variation, or semiannual inequality, of the Dip, and of the Horizontal
and Total Force.

In the year 1850 I communicated to the Royal Society a paper entitled “On the
means adopted in the British Colonial Magnetic Observatories for determining the abso-
lute values, secular changes, and annual variations of the Magnetic Force.” This paper
is published in the Philosophical Transactions for the same year, No. IX.

In this communication I endeavoured to show the importance of introducing into such
determinations greater aceuracy than had previously been customary; and by making
known the success which had attended the improvements adopted in the instruments
and methods employed in the Colonial Magnetic Observatories, I hoped to be the means
of promoting the adoption of similar instruments and processes (or the devisal and
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employment of others which might serve the purpose as well, or still more effectually)
in other observatories which had been instituted for the purpose of cooperating with
or aiding in the plan of magnetic research proposed by the Royal Society.

Amongst the results referred to in that paper, obtained by means of the instruments
and processes therein described, there was one which appeared to myself to be highly
deserving the confirmation (or otherwise) which it might receive from similar researches.
By a comparison of the monthly determinations of the Dip and of the Horizontal Force at
Toronto and Hobarton, between the years 1843 and 1848, there was shown a high pro-
bability of the existence of an ¢ annual variation” in the direction and intensity of the
magnetic force, common to both hemispheres, the mean values being passed through
about the equinoxes, and the intensity of the force being greater, and the inclination
more nearly vertical, in the months when the sun is south of the equator than in the
months in which the sun is north of the equator. The facts thus made known appeared
to indicate the existence of a general affection of the globe having an annual period, and
conducting us naturally to the position of the earth in its orbit as the first consideration
towards an explanation of the periodic change. The importance of following up with-
out delay, and in the most effective manner, a branch of research which gave so fair a
promise of establishing a conclusion of so much theoretical moment upon the basis of
competent experiment was earnestly pointed out, and specially so with reference to those
national observatories in which magnetical researches were professed objects, and from
which exact determinations might most reasonably be expected.

In 1856 the Committee of the Kew Observatory, impressed with the importance of
prosecuting an investigation which appeared to lead to the establishment of a previously
unsuspected cosmical relation in the minor variations of terrestrial magnetism, and
perceiving that no adequate provision had been made for this purpose in any establish-
ment in the British Islands, took the matter in hand, and having obtained permission
from the tenant under the Crown, caused a suitable wooden building, copper fastened,
to be ere¢ted in Richmond Old Deer Park, at a distance of 300 feet from the observatory
itself, and having no other buildingsin its vicinity. A series of monthly determinations
of the dip and of the horizontal force was commenced in this building in April 1857,
with inclinometers made by Mr. HENRY BArrow, and with a unifilar magnetometer
made by the late Mr. WiLLiam Jones. These instruments were the property of Her
Majesty’s Government, having been originally made (under my own direction) for the
Axctic Expedition under Sir James CrLark Ross in 1846-1847, and replaced in my
charge, on the return of the expedition, for repair and subsequent use. Several minor
modifications, which experience had suggested since the publication of the memoir in
1850 already adverted to, were introduced in the instruments previous to April 1857,
and in this improved state they have been described and practical directions given for
their use in the “ Instructions for Magnetic Surveys by Land and Sea,” published in 1859
in the third edition of the Admiralty Manual of Scientific Inquiry. The series of
determinations with these instruments has been steadily maintained from April 1857 to
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the present time, and still continues. The unifilar magnetometer employed has been
the same throughout, no change whatsoever having been made either in the instrument
itself, or in its collimator magnet. In respect to the dip observations, from April 1857
to September 1860 inclusive, twelve dip circles and twenty-four needles, all by Barrow
and all of the same size and pattern, were employed, the mean of «ll the observations
made in a month with any of Barrow’s 6-inch circles furnished with microscopes and
verniers having been taken as the mean dip of that month. A detailed statement of the
results of these observations, specifying in each case the name of the observer and the
distinguishing marks of the circle and needle, has been published in the ¢Proceedings
of the Royal Society,” vol. xi. p. 144-162. In the discussion accompanying that com-
munication it was shown that the probable error of a single determination of the dip
with instruments of this pattern does not exceed 415, this being the conclusion
derived from 282 determinations on 121 different days, chieflyby four observers, employing
twelve different circles and twenty-four needles all of the same size and pattern.
Between October 1860 and March 1863, the mean monthly dip has been obtained with
one of the twelve circles alone, viz. Barrow’s circle No. 33 (one of the twelve previously
adverted to), and was generally the mean of a single determination in each month with
each of the two needles of that circle. This department of the Kew observations has
been placed by the Director, Mr. STEWART, in the charge of Mr. CHARLES CHAMBERS, one
of the assistants in the establishment, and to that gentleman I am indebted for the
results which are embodied in Tables IX. and XI., and which afford most satisfactory
evidence of Mr. CHAMBERS’S skill and devotion to the duties with which he is charged.

With reference to the values of the Horizontal Force in Table IX. Mr. CHAMBERS
remarks, ‘“The constants for the reduction of observations with collimator magnet
‘K C1’ are as follows :—

“XK the moment of inertia, being the mean of independent determinations with six
different inertia-cylinders by the late Mr. WELsH, F.R.S., =4'4696 (log K=0-65027 at
60° Fahr.).

“ Hence

log #’K at 30°=1-64439, at 70°=1-64463
s 40°=1-64445, at 80°=1-64469
” 50°=1-64451, at 90°=1-64475
”» 60°=1-64457.

“The correction for the decrease of the magnetic moment of the collimator magnet
produced by an increase of 1° Fahr. =(¢)=0-000119(¢,—%)+--000000213(¢,—#)*, ¢, being
the observed temperature, and £=385°. The induction coefficient ()="000194. These
were both determined by Mr. WELsH. The angular value of one division of the colli-
mator scale=2'-60. Comparisons of the deflection-bar with the verified standard measure
of the Kew Observatory gave the errors of graduation as follows :—

At 1-0 foot distance = —-000075 of a foot at 62° Fahr.

At 13 foot distance = —-000097.
MDCCCLXIIL. 28
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“The arc of vibration was always too small to require any correction; and none has
been applied on account of the rate of the chronometer when the rate was less than
five seconds, as was generally the case. The constant P was determined from twenty-
four repetitions of experiments of deflection made nearly simultaneously at each of the
two distances 1-0 and 13 feet, giving P=—-00192.

“ Generally there have been three or four observations of deflection and two of

vibration made in each month.”

TaBie IX.—Monthly Values of the Horizontal Component of the Magnetic Force at
Kew, computed from the Experiments of Deflection and Vibration with the
Collimator Magnet “K C1”.

April to Sep- Means of the
il o 8 1857. 1858. 1859, 1860. 1861. 1862. ey
37887 37932 37897 38038 38078 38162 37999
37920 37984 38008 38022 38157 38200 38050
37901 37889 38053 38142 38189 38150 38054 .
87950 37980 [3:8052] 38065 38115 | 38179 38057
37871 37942 38052 37979 38113 38162 38020
37883 37920 37995 38066 38115 38158 38021
Means, April to . » . X . . .
Gontomper |} 37902 37941 3:8010 38050 38128 38170 38033
Offoneh® {1857 and 1858 | 1858 and 1859. | 1859 and 1860. | 1860 and 1861. | 1861 and 1862. | 1862 and 1863, | Meom* of e
October ........ 37925 37962 37914 38066 38081 38144 38015
November ...... [37906] 37964 37963 36074 38085 38161 38025
December ...... (37887 37919 38056 38075 38113 38124 38029
January ........ 37868 37951 35038 38101 38144 38127 38038
Fobruary ... 37917 (379671 38016 38071 38136 38188 38052
March ........ 37873 37983 38036 38075 38125 38212 38051
Means, October, . y . . . . ’
|} 37806 37958 38004 38077 38114 38159 38035
Yearly moans | 37899 37950 38007 38063 38121 38165 38034

The values within brackets [ ] are interpolated.
The absolute values of the horizontal force, corresponding to the beginning of October
in each of the years comprehended in Table IX., and the secular change in each year,
were therefore as follows :—

From April 1857 to March 1858 . . . 3-:7899 '
From April 1858 to March 1850 . . . 87950)%C ¢ +°0051.
From April 1859 to March 1860 . . . 8:8007 %% & +70007.
From April 1860 to March 1861 . . . 3-8063 % o +:0056.
From April 1861 to March 1862 . . . 3:8121)%% ¢ +0098.

From April 1862 to March 1863 .

. 3-8165 ¢

ch. 40044,

Mean of the six years, corresponding to} 3.8034 {W

the middle epoch, April 1860 . . .

ith a mean annual secular
increase of *0053.
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The “Annual Variation” or *“Semiannual Inequality” (April to September, and
October to March) may be shown from the monthly values in Table IX. to have been
as follows :—

TasLE X.
' Ob d—
Date. Corrections for 38034 Observed Values. rerved—Celoclated
Secular Change. | A-Secular Change. April to September. | Octobor to March,

July 1, 1857 ...... —+0146 3-7888 37902 40014 | eeeeeeese
Jan. 1, 1858 ...... —+0119 37915 37896 || eeeeeeses —+0019
July 1,°1858 ...... —+0093 37941 3:7941 0000 | eereeeees
Jan. 1, 1859 ...... —+0066 3-7968 37958 | ceeeeeee —+0010
July 1, 1859 ...... —-0040 3-7994 3-8010 40016 | ceeeeeee
Jan. 1, 1860 ...... —+0013 38021 38004 || ceeeeeees —+0017
July 1, 1860 ...... ++0013 38047 3-8050 40003 | ceceerees
Jan. 1, 1861 ...... ++0040 3:8074 38077 || e +°+0003
July 1, 1861 ...... ++0066 3-8100 3-8128 +°0028 ] cececeees
Jan. 1, 1862 ...... +-°0093 3-8127 38114 [ eveeerees ~—+0013
July 1, 1862 ...... ++0119 38153 - 38170 40017 | e
Jan. 1, 1863 ...... ++0146 3-8180 38159 || eeereee . —-0021
Mean differences between the observed and calculated values in 0T

the respective semiannual periods ...... } +:0013 —°0013

It is seen then by Table X. that there exists a variation in the amount of the hori-
zontal force having an annual period; that the value of this variation is on the average
of the six years approximately *0026 ; and that it consists of a semiannual inequality,
the horizontal force being on the average ‘0013 higher in the six months from April to
September, and ‘0013 lower in the six months from October to March than would be
due to its mean value. : ‘

1 pass to the contemporaneous determinations of the Dip.

[
/2]
o
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TaBLE XI.—Monthly Values of the Magnetic Dip at Kew.

April to ' ' Means of the
Sopmombor. 1857. 1858. 1859. 1860. 1861. 1862. s yours.
68°4 68°4- 68°4 68°+ 68°4 68° 68°+
April ... 272 295 2i-1 20'5 176 181 2117
249 230 19-4 19-3 157 141 19-40
240 297 [205] 19-1 177 14:0 1967
261 237 216 184 168 140 20110
241 215 206 166 187 151 19-43
24-9 214 220 194 171 138 1977
Means, April to . . . . . . .
Septomber . } 2520 2947 2087 18-88 1727 14-85 19-92
Ogtobor 10| 1857 and 1858. | 1858 and 1859. | 1859 and 1860. | 1860 and 1861. | 1861 and 1862. | 1862 and 1863, M:iaxn;e‘;fr:?“e
68°+ 68°4 68° 68°+ 68°+ 68°-+ 68°+
October ......... 243 258 240 196 184 160 2i-02
November ...... 256 237 22-4 20-8 179 158 21-03
December ...... [24-8] 21-2 20-8 185 179 156 19-80
January ......... 240 223 224 19:5 190 145 2028
February ...... 240 [22:4] 211 19-4 151 142 1937
March ... 24-6 295 210 204 171 135 1985
Means, October ’ . . . . . .
cane, October } 2455 2265 21-95 1970 1757 1493 2022
Yearly means... 2487 2256 2141 19-29 17-42 14-89 20:07

The values within brackets [ ] are interpolated.

The absolute values of the dip corresponding to the beginning of October in each of
the years comprehended in Table XI., and the secular change in each year, are as
follows :— o

From April 1857 to March 18568 . . 68 24-87 !
) }sec. ch. —2-31
From April 1858 to March 1859 . . 68 22-56 .
From April 1859 to March 1860 . . 68 21-417% °}}i' ‘;ig
From April 1860 to March 1861 . . 68 19-297%% e —
From April 1861 to March 1862 . . 68 17-4/%¢ b — L7
From April 1862 to March 1863 . . 68 14-89/%°¢ b —%93

Mean of the six years, corresponding } 68 20-07 with a mean annual secular
to middle epoch, April 1, 1860 { decrease of 2'-00.

The “Annual Variation” or “Semiannual Inequality” (April to September, and

October to March) may be shown from the monthly values in Table XI. to have been
as follows :—
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TasLe XII.
Date. Corrections for 68° 20107 Observed Values. Observed—Calentated.
Secular Change. | 3Secular Change. April to September.| October to March.
/ o / o 7 4 /

July 1, 1857 ...... +5-50 68 2557 68 2520 —0:37 | e
Jan. 1, 1858 ...... + 450 68 24-57 68 24:55 || ceeee —0-02
July 1, 1858 ...... + 350 68 2357 68 22-47 —110 | e
Jan. 1, 1859 ...... +2:50 68 22:57 68 22:65 || e +0:08
July 1, 1859 ...... +1-50 68 21-57 68 20-87 —070 | e
Jan. 1, 1860 ...... +0:50 68 20-57 68 2195 || e +1-38
July 1, 1860 ...... —0:50 68 19:57 68 18-88 —069 | e
Jan. 1, 1861 ...... —1-50 68 1857 68 19:70 || creeee 4113
July 1, 1861 ...... —2°50 68 17:57 68 1727 —0:30 | e
Jan. 1, 1862 ...... —350 68 16°57 68 17-57 | ereee +1:00
July 1, 1862 ...... —4+50 68 1557 68 14-85 —072 | e
Jan: 1, 1863 ...... —5°50 " 68 1457 68 1493 || ceeee . +0-36
Mean differences between the observed and calculated values in the

ferences ; } —065 +066

respective semiannual periods................

It is seen therefore by Table XII. that there exists a variation in the amount of the
Dip having an annual period; that the value of this variation is on the average of the
six years approximately 1"31; and that it consists of a semiannual inequality, the dip
being on the average 0'-65 lower in the six months from April to September, and 066
higher in the six months from October to March than would be due to its mean value.

Total Force—We find in Table IX. that the mean of the April to September values
of the horizontal component of the force in the six years is 3:8033, corresponding in
epoch to January 1, 1860 ; and in Table XI. that the mean of the April to September
values of the dip in the same six years is 68° 19-92, corresponding to the same epoch.

We find also in Table IX. that the mean in the six years of all the October to March
values of the horizontal component is 3:8035, and of the dip (Table XI.) 68> 2022,
corresponding to the epoch (six months later) of July 1, 1860.

We may reduce these values to a common epoch by applying to either (with the
proper signs) a proportional part of the mean secular change derived from the observa-
tions of the six years. The mean secular change of the horizontal force is an annual
increase of ‘0053 (page 298), and of the dip an annual decrease of 200 (page 300).
Hence we have the corrections for the secular change (in six months), of the horizontal
force =4-'00265, and of the dip =—1"00, to be applied to the mean values of April
to September (corresponding in epoch to January 1, 1860) in order to bring them into
strict comparison with the mean values, October to March, corresponding to the later
epoch of July 1,1860. The values then become as follows:—
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From the April to September observations,
Values of the Horizontal Force, January 1, 1860 3:8033; and of the Dip 68 19-92
Corrections for Secular Change . . . . . -4000265; = 01:00

Corresponding values July 1, 1860 . . . . 3-:80696 . . . . . 681892

And from the October to March observation
(Table IX.), also corresponding to July 1, 1860

whence 3:80595 sec. 68° 18"92=10-30032 from the April to September observations,
and 3:80350 sec. 68° 20'22=10-30349 from the October to March observations, are
the values of the total force derived respectively for the same epoch (July 1, 1860)
from the determinations of the dip and horizontal force in the two semiannual periods;
these show a difference of 0-00817 in British units, as the measure of the greater inten-
sity of the terrestrial magnetic force in the October to March period, than in the April
to September period.

S}3-80350 and from Table X. 68 20:22

For the satisfaction of those who are accustomed to be guided by the theory of pro-
babilities in their estimate of the dependence to be placed on the results of physical
investigations, it may be desirable to state the ¢ probable errors” of the mean results of
the seventy-two monthly determinations of the Horizontal Force and of the Dip in
Tables IX. and X1., as well as the probable error of a single monthly determination of
each of these values.

The mean result of the seventy-two monthly determinations of the Horizontal Force,
shown in Table IX., is 3-8034 in British units: this has a  probable error” of +-00027.
The mean result of the seventy-two monthly determinations of the Dip (Table XI.) is
68°20"07: this has a probable error of 40083,

* The probable error of a single monthly determination of the Horizontal Force, derived

from the seventy-two monthly determinations, and after the application of the correc-
tions for secular change and annual variation have been made, is 4--00233; and of a
single monthly determination of the Dip, after the application of the corrections for
secular change and annual variation have been made, is +0'-71.

It has been already stated that for rather more than half the whole period, viz. from
April 1857 to September 1860 inclusive, twelve dip circles and twenty-four needles were
employed in the monthly determinations of the Dip, the circles and needles being all
made by the same artist (Mr. HENRY BARROW), and of the same size and pattern; there
were also several observers, but chiefly four, viz. the late Mx. JouNn WELsH, Mr. STEWART,
Dr. Beresma, Director of the Netherlands Magnetic Observatory at Batavia, and
Mr. Cuausers. The means of all the observations thus made at the Kew Observatory
in the same month, and recorded in the books of the Kew Observatory, have been taken
as the mean Dip in that month. From October 1860 to April 1863 there has been
only a single observer, Mr. CHAMBERS, with one circle, viz. No. 33, one of the twelve in
previous use, with its two needles. Some relative advantages or disadvantages may be
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supposed to attend observations made by one or by more observers, and with one or
with several instruments; and it may therefore be useful to see how far these circum-
stances have modified the probable error in the two periods. The forty-two monthly
determinations from April 1857 to September 1860, give a probable error of 4070 for
a single determination; and the thirty from October 1860 to March 1863, give a pro-
bable error of +-0"-73; whence we may infer that the greater number of partial results
which contributed to produce the monthly mean in the earlier period rather more than
counterbalanced the diversities which may be supposed to have been occasioned by the
peculiarities of the different observers, and of the different instruments employed. But
the small amount of probable error in either case is well worthy of the notice of those
who have been engaged, or who are likely to be engaged, in similar investigations.

In Tables XIII. and XIV. are placed the residual errors of the observed monthly
determinations of the Horizontal Force and of the Dip, after the application of the
corrections for secular change and annual variation.

TasLe XTIT.—Residual Errors in the Monthly Determinations of the Horizontal Force.

; 1857. 1858. 1859. 1860. 1861. 1862. 1863. - Means.

§ April ......... —+0003 | —+0011 | —-0099 | —+0011 | —-0024 ;|-°0007 ...... —+0023)

5' May ......... ++0026 | +-0037 | ++0007 | —+0031 | 4+-0051 | +-0049 | ...... +-0024 -0000

| June ......... 40003 [ —*0062 | +-0048 | 40085 | 4+--0079 | —-0013 | ...... ++0023 >Sun north

| July .eeeeee. +°0047 | +°0024 | +-0043 | 4--0004 0000 | 40011 | ...... +-0021 of the

| August ...... —+0036 | —+0018 | 4--0038 | —-0088 | —+0006 | —+0010 ceeres —+0020 equator.

| September ...| —+0028 | —-0044 | —-0023 | —-0015 ['—-0008 | —-0018 | ...... —+0023 )

October ...... ++0035 | 40020 | —-0082 | 40017 :—°0021 —0011 | ..... . —+0007 )
November ...| +0012 | +0017 | —0038 | +-0021 | —+0021 | 4--0001 | ...... —+0001 | 4-+0001

| December ...| —+0011 | —+0032 | +-0051 | 4+0018 | 4--0002 | —-0040 | ...... —+0002 | Sun south

|| January ......] ...... —+0034 | —-0004 | 40231 | 4--0039 | +°+0029 | —-0041 | 4--0003 ~ of the

; February ...| ...... ++0010 | 40006 | 4-+0005 | 4--0004 | +-0017 | +-0015 | +°0009 | equator.

E March ......| ...... ~+0039 | 40019 | 40021 | 40004 | 4+0001 | 40035 +'0006J :

TaBLe XIV.—Residual Errors in the Monthly Determinations of the Dip.

1857. 1858. 1859. 1860. 1861. 1862. 1863. Means.

April ........| +18 | —08 | —02 | +i2 | +03 | +28 | ... | +085

May ......... —0-3 -02 —1-8 +0-1 —15 —11 | ... —0:80 | +001

June ......... —1-0 —0-3 —0°5 +0-1 +0-7 —10 | ... —033 | Sun north
1Joly eeeen #18 | 409 | +08 | —0-4 00 | —08 | ... +0:30 (" of the

August ...... —~06 [ —12 | —01 —21 +2:0 +04 | ... —0-25 | equator.

September ...| +0-4 —11 +1-5 +09 +0-6 —07 | ... +0- 27

October ...... —1+4 +0-1 +2-3 —0-1 +0-7 +03 | ... +0- 32

November ...| +0°1 +0-2 +0-9 +1:3 + 04 +0-3 ceenen +0:53 | —0"02

December ...| —06 —2:2 —05 —11 +06 +02 | ... —0+47 | Sun south

January ......| ... —12 | —09 | 412 | 403 | +18 | =07 | +009  ofthe

February ..| "...... —10 —06 +0°1 +04 —19 —0-8 —0:63 | equator.

March ......Q ... =02 | —03 | 402 | 415 | 402 | —1-3 | +0-03]

The errors have no systematic appearance; and thus the Tables are thoroughly con-
firmatory of a semiannual inequality having its epochs coincident, or nearly so, with the
sun’s passage of the equator.
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The second volume of the Hobarton Magnetic Observations, published in 1852, con-
tains the particulars of the monthly determinations of the absolute values of the hori-
zontal force from January 1846 to December 1850 inclusive, all made with the same
unifilar magnetometer, and preserving throughout the same experimental process. The
mean value, corresponding to July 1,1848, is 4:50427. The secular change obtained
by least squares from the sixty equations of condition is correctly stated in the publica-
tion referred to, as an annual diminution of 0:0006. Treating these results in the
same manner that the Kew results have been treated in this paper, we obtain 4:5036 in
the months from April to September, and 4:5048 in the months from October to March ;
or a diminution in the horizontal component of the force of 0-0007 in the months when
the sun is north of the equator, and an increase of 0:0005 in the months when the sun
is south of the equator; constituting a semiannual inequality of 0:0012. When the
corrections for secular change and annual variation are applied, the probable error of a
single monthly determination is found to be 4-0-00125; and the probable error of the
mean result of the sixty months is less than 0-0002.

The first volume of the Hobarton Observations, published in 1850, contained the
details of a series of monthly determinations of the Inclination, commencing in January
1841 and ending in December 1847. The second volume, published in 1852, contained
a similarly detailed account of the continuation of the series to December 1850; com-
prising, with the observations stated in the preceding volume, an uninterrupted series of
monthly determinations during ten years. The mean secular change derived from sixty-
eight monthly results obtained with the same circle and needle throughout, was found
to be a decrease of 0067 in each year—an amount so small as to be practically insigni-
ficant in the consideration of the questions at present under notice. The mean value of
the Inclination in the ten years, taking all the months into account, was —70° 3601 ;
the mean of the months from April to September inclusive was —70° 35"42, and from
October to March inclusive —70° 86/-6. 'The difference between these half-yearly values
is 118, the (south) dip being 069 less in the months from April to September, and
059 greater in the months from October to March, than on the mean of the whole year.

We have therefore for the values of the total force at Hobarton in the two semi-
annual periods, 456048 sec. 70° 836'-6=18-5688 (in British units) from October to
March, and 4:5036 sec. 70° 35"42=13-5620 from April to September. The difference,
viz. 0-0168, expresses the greater intensity of the terrestrial magnetic force in the
semiannual period from October to March than in the semiannual period from April
to September. This value may undergo a slight alteration, when the results of the
continuation of the series of monthly determinations of the horizontal force and of the
inclination until the final close of the Hobarton Observatory are added to those already
stated ; but it will be substantially the same. The later results will be published in the
fourth Hobarton volume, now preparing for the press.
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In the second and third volumes of the Toronto Observations are published the details
of the monthly determinations of the Horizontal Force and of the Dip during eight
years, viz. 1845 to 1852 inclusive. From these we may form the following Tables,
similar to Tables IX. and XI. of the Kew Observations.

TasLe XV.—Monthly determinations of the Horizontal Component of the Magnetic
Force at Toronto, 1845 to 18562 inclusive.

; Means
Ségg:ﬁtgr. 1845. 1846. 1847. 1848. 1849. 1850. 1851. | 1852. of the

: 8 years.

April ............| 835446 | 3-5414 | 35348 | 35361 | 3-5378 | 3:5373 | 35311 35054 | 3-5336
May ............ 3:5481 35414 | 3-5386 | 35386 | 35413 | 3°5366 | 3-5328 | 3-5142 | 3°5365
June ............ 35514 | 35458 | 35399 | 35366 | 3-5389 | 3°5380 | 3-5311 3-5083 | 3-5363
July ............ 3:5508 | 35446 | 35366 | 35376 | 35428 | 3°5284 | 35317 | 3-5139 | 3-5358
August ......... 35473 | 35397 | 35424 | 3°5360 | 3-5394 | 3-5199 | 35318 | 3:5138 | 3-5338
September ...... 35466 | 3-5390 | 3°5338 | 3:5332 | 3-5382 | 3-5217 | 3-5286 | 3-5119 | 35319

Means, - 1| 55401 | 35420 | 3-5385 | 35363 | 35397 | 3-5303 | 3-5312 | 3:5113 | 353465
April to Sept. . v

i Means

Ogtober to 1845. | 1846. | 1847. | 1848. | 1849, | 1850. | 1851. | 1852. | ofthe

: 8 years.

January ......... 35472 | 35475 | 356435 | 35320 | 35319 | 3-5344 | 35249 | 3:5305 | 3-5366
February ... 35471 | 35413 | 35426 | 3-5352 | 3-5312 | 3-5354 | 3-5243 | 3:5231 | 35350
March............| 35471 | 3:5441 | 3-5386 | 3-5372 | 3-5339 | 3:5387 | 3:5321 | 3:5237 | 3:5369
October ......... 35466 | 35386 | 3-5345 | 3-5263 | 3-5343 | 3:5320 | 3:5311 | 3:5110 | 3:5318
November ...... 35471 | 35360 | 35366 | 35249 | 3-5366 | 3-5361 | 35304 | 3:5140 | 3-5327
December ...... 35479 | 3-5433 | 35347 | 35318 | 3-5351 | 3-5283 | 3:5286 | 3-5149 | 3-5331

Means, 54 . . . . . X . .
Oct. to Mar. } 3:5472 | 3-5418 | 3'5384 | 35314 | 35338 | 3:5341 | 3-5286 | 3-5195 | 3:53435

Yearly means...| 3:5476 | 3:5419 | 3-5384 | 3-5339 35367 | 35322 | 3'5299 | 3-5154 | 3:53451

The two half-yearly results are intercomparable, requiring no correction for secular
change, as they have both the same mean epoch, viz. January 1, 1849.

MDCCCLXILL. 2T
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TasLE XVI.—Monthly Values of the Magnetic Inclination at Toronto,
1845 to 1852 inclusive.

April to " = Means of
Seplzember. 1845. 1846. 1847. 1848. 1849. 1850. 1851, 1852. the 8 years.

75°4+  |75°+  |75°+ 75°+ 75°+ 75°+ 75°+ 75°+

April ..o 15 | 143 | 159 | 180 | 184 | 197 | 219 | 200 |75 1746
May .veevenn. 1544 144 16-1 17-2 184 195 200 20-8 |75 17-73
June ....ooe.n. 152 148 131 168 185 19°1 2077 | 208 || 75 17:37
July oo 142 140 116 16-4 180 199 19:0 199 |[75 1663
August .........| 144 14+4 12:6 190 19-3 18-4 198 20-0 |75 17-24
September...... 166 157 154 173 216 | 210 208 | 2146 |75 1875
Means, . . . . . 6075 2037 75 2052 | 75 17
April to Sept'} 75 1455 |75 14:60 |75 14-12 |75 17+45 75 1903 75 19-60 175 2037 l75 20 5~i 75 17-53
October to March. l 1845. 1846. 1847. 1848. 1849. 1850. 1851. 1852, Means.
75°+  |75°4  |75°4  |75°4  |75°4  |75°4  |715°4  [75°+
January ......... 114 13-9 150 20-3 195 199 21-6 193 |75 1849
February ...... 195 142 152 187 18-1 187 20-0 196 |75 1800
March ......... 145 138 163 172 167 180 215 196 |75 17-20
October ......... 143 154 17+6 190 206 21-8 2000 | 222 |75 1886
November ...... 168 150 177 194 201 213 2044 | 213 |75 19-00
December ...... 152 151 170 | 206 18:1 225 194 212 |75 1864

. 1
Means, 75 164575 14-57 (75 16-47 |75 19:20 |75 1885 |75 2037 75 2048 |75 20+53 .

Oct. to March | 75 1836

These two half-yearly results are also intercomparable, requiring no correction for
secular change, as they have both the same mean epoch, viz. January 1, 1849.

We have then for the Total Force corresponding to the semiannual period April to
September, 3:53465 sec. 76° 17'63=13-9220 (in British units), and for the Total Force
corresponding to the semiannual period October to March, 3:53435 sec. 75° 1836
=13-9336; the difference, 0-0116, is the measure of the greater intensity of the
terrestrial magnetic force in the October to March period than in the April to September
period: or, applying to the values of the horizontal force the induction-correction of
—+0040 (Toronto Observations, vol. iii. pp. cxv, cxvi), we have the total force in the
April to September period 3:53065 sec. 75° 1768=13-9062, and in the October to
March period 3:53035 sec. 75° 18"36=13-9178; and the corresponding difference,
‘0116, as the excess of the total force in the October to March period over the April to
September period.

The observations of the Inclination at Toronto were carried on previous to 1845 and
continued subsequent to 1852, completing a series of fifteen years, for which period,
therefore, a corresponding inference, in regard to the annual variation of the Inclination,
may be drawn, resting on a still wider basis. The second volume of the Toronto Obser-
vations, published in 1853, and the third volume, published in 1857, contain the details
of 1920 determinations of the dip nearly equally distributed in the different months of
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the fifteen years, 1841 to 1855 inclusive, of which the following is a summary, arranged
in the two categories, April to September, and October to March :(—

April to September. October to March.

April . . . .. 75 1é'33 January . . . . 75 1é'78
May . . . . . 751808 February . . . . 75 1843
June . . . . . 751738 March . . . . . 75 1817
July . . . . . 751713 October . . . . 75 1909
Auvgust . . . . 751733 November . . . 75 1963
September . . . 75 19:09 December . . . 75 1915

75 17-90 75 18-86

The semiannual results require no correction for secular change, as they have both
the same mean epoch. They show a semiannual inequality in the Dip at Toronto,
causing its value to be, on the average, 0/-96 higher in the months from October to
March than in those from April to September. Table XVI., resting on a smaller
number of years, gave a semiannual inequality of 0'-83.

‘We have therefore the concurrent evidence of the three observatories of Toronto,
Hobarton, and Kew for the existence of an annual variation in the dip, and in the inten-
sity of the total magnetic force, referable apparently to the earth’s position in its orbit,
with epochs of maxima and minima coincident, or nearly so, with the sclstices. The
conclusion terminating the previous section of this paper (§ 7) has shown the probabi-
lity, resting also on the concurrent evidence obtained at four observatories, Hobarton,
the Cape of Good Hope, St. Helena, and Kew, of the existence of a corresponding
semiannual inequality in the Declination.

The phenomena thus submitted to the consideration of the Royal Society may be
briefly stated to be an increase of the Dip and of the Total Force, and a deflection of the
north end of the Declination magnet towards the West, in both hemispheres, in the
months from October to March, as compared with those from April to September. It
seems difficult to assign to such effects any other than a cosmical cause. The greater
proximity of the earth to the sun in the December compared with the June solstice
most naturally presents itself as a not improbable cause; but we are as yet too little
acquainted with the mode of the sun’s action on the magnetism of the earth to enter
more deeply into the question at present. The inequalities may in themselves seem to
be small, but judged of scientifically,i. e. by the proportions they bear to their respective
probable errors, they are not so.

The tabulation from the Photograms, and the calculation of the values contained
in the Tables, have been performed by the Non-commissioned Officers of the Royal
Artillery, under the superintendence of the principal clerk, Mr. JoHN MAGRATH, in the
Government Establishment at Woolwich for the reduction and publication of magnetic
observations.
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