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THE interest which papers recently communicated to the Royal Society have ex-
cited in regard to the physical explanation of the Annual and Diurnal Variations of
Terrestrial Magnetism, makes it extremely desirable that the facts which are to be
explained should in the first instance be clearly and fully comprehended ; and that
for this purpose, the different classes of facts, which undergo much additional com-
plication by being viewed together, should be distinguished apart, and that each
class should be presented separately, combining at the same time, as far as circum-
stances may permit, facts of the same class obtained from different parts of the
globe.

Under this impression I have deemed that an acceptable service might be rendered,
by arranging in a small compass and presenting together the Annual Variations which
the Magnetic Declination undergoes at every hour of the day at the four Colonial
Observatories established by the British Government at Toronto, Hobarton, the Cape
of Good Hope and St. Helena ;—stations selected, it may be remembered, with the
express view (amongst others) of affording, as far as any four stations of equally con-
venient access might be expected to do, the means of generalizing the facts of the
Annual and Diurnal Variations in different quarters of the globe. I have attempted to
accomplish this object by a graphical representation (Plate XXVI.), in which the
Annual Variation at every hour is siown by vertical lines varying in length according
to the amount of the range of the Annual Variation at each hour; each line having
also small cross lines marking the mean positions of the several months in the annual
range. The scale is the same for all the stations, being one inch to one minute of
declination. The declination is that of the north end of the magnet at all the sta-
tions; the upper end of the line is always the eastern extremity, and the lower end
the western extremity, of the annual range. The broken horizontal line which crosses
all the verticals at each station, marks for each of the observation hours the mean
declination in the year at that particular hour, obtained by adding together the
daily observations of the declination at that hour, and dividing the sum by the
number of days of observation in the year. This line is consequently not a line of
uniform declination-value throughout, because the mean declination varies at dif-
ferent hours, by quantities which constitute the mean Diurnal Variation: but it is
the line, or curve as it is sometimes called, of mean Diurnal Variation projected as a
straight line, for the purpose of viewing the phenomena of the Annual Variation at
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each hour, irrespective of the Diurnal Variation, or the changes which the mean de-
clination undergoes at different hours. The hours are those of mean solar time at
each station, the day commencing at noon, and being reckoned through the twenty-
four hours; noon is therefore =0 The fractional minutes are occasioned by the
observations having been made at the exact hours of Gottingen time, which differ
more or less at each station from exact hours of local time.

The Annual Variations represented in Plate XXVI. were obtained at Toronto from
three years of observation, viz. 1845, 1846 and 1847 ; at Hobarton from five years,
viz. July 2, 1843 to July 1, 1848 ; at the Cape of Good Hope from five years, viz. July
2, 1841 to J uly 1, 1846 ; and at St. Helena from three years, viz. from July 2, 1844
to July 1, 1847. The secular change-at the several stations during the years of ob-
servation has been eliminated ; but what are frequently called the “irregular disturb-
ances,” are retained, as all observations are taken into the account. At Hobarton,
the Cape of Good Hope and St. Helena, the Annual Variation is probably very little
affected by the disturbances referred to; but it may be otherwise at Toronto, where
they are larger, and especially influential during the hours of the night when the
regular range of the Annual Variation is small. It is not probable, however, that the
annual range during the hours of the day is materially affected by the disturbances,
even at Toronto. The absolute values of the magnetic elements at the respective
stations were nearly as follows in the mean of the years in which the observations
were made :—

Toronto. Hobarton., G(S)?il?); . St. Helena,
Deelination .......cccovvenens 1° 33' W. 9°57'E 29° 07'W.| 23° 51'W.
Inclination ..ee.ueveeneneennen. 75° 15 —70°34" |—53° 25 —22° 07!
Total Force .. reerens 13-90 13+56 748 . 601
Horizontal Force .... 354 4-51 4-46 557
Vertical Force ............... 13+45 12+78 6-01 2:26

As the mode in which the subject of the Annual Variation is treated in this com-
munication is I believe in some respects new, it has been suggested to me, since
this paper was presented to the Society, that a fuller description than is given in
the preceding paragraphs, of the process by which the graphical representation in
Plate XXVI. is derived from the actual observations, may be desirable. I have
therefore subjoined in Plate XXVII. a graphical representation for two of the
stations, Toronto and Hobarton, of the direct and immediate results of the observa-
tions themselves, exhibiting according to their absolute declination-values the mean
declination in each of the twelve months, at each of the twenty-four hours, of a mean
year. The observations thus represented are, as before stated, at Toronto, three
years of hourly observation, from January 1, 1845 to December 31, 1847 inclusive ;
and at Hobarton five years of hourly observation, from July 2, 1843 to July 1, 1848
inclusive. The mean or middle year at Toronto is therefore from January 1 to
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December 31, 1846 ; and the mean or middle year at Hobarton is from July 2, 1845

to July 1, 1846 ; the mean of the results in the same month and at the same hour in

each year of the series (three years in the one case, and five years in the other) being

taken as'the declination-values corresponding to the mean year; which may thus be

regarded as a type of the actual changes taking place in the declination in the course
of a single year, at the period when the observations were made; but with the ad-

vantage that the various declination-values in the mean or typical year are derived

in the one case from three, and in the other case from five years of continuous and

intercomparable observations, instead of from one.

The dark vertical lines in Plate XXVII. exhibit the actual annual range of the de-
clination at each of the observation hours. The figures on the left of the lines (on the
left in the Toronto figure, and accidentally placed on the right of the lines in the
Hobarton figure) show the positions in the annual range at each hour of the mean
declination in the different months as derived from observations at that hour only;
the months being distinguished by numbers, according to their order of succession,
from 1 to 12, commencing with January. The broken line MM shows the mean de-
clination of the whole year, viz. the mean declination of all the months and all the
hours. The dotted line DD represents the mean diurnal variation in the year, or
the mean variation of the declination at the different hours of the day and night:
it is drawn through and connects the points of mean declination in.the year at each
of the hours respectively. The scale of declination-value in this Plate is reduced for
convenience to half the dimensions of that of Plate XXVI.; in Plate XXVII. an inch
is the equivalent of two minutes of declination, and in Plate XXVI. of one minute.
The declination in both plates is that of the north end of the magnet, or that end
which in the middle latitudes points towards the geographical north.

On an intercomparison of the observations represented in their mean monthly values
at each hour in Plate XXVIL, it is at once obvious that they are affected by three
distinct and easily distinguishable variations, two of which are periodical, and one is
secular. 1° If the mean declination of the year at the different hours of the day and.
night had an uniform value, the line DD would be a straight line, and there would
be no mean Diurnal Variation, or variation whose period is a day :—but DD is very
far from being a straight line. 2°. If the mean declination at any particular hour of
the day were of uniform value in all months of the year, the dark vertical line cor-
responding to that hour would be reduced to a point instead of a line, and there
would be no Annual Variation, or variation whose period is a year, at that hour :—but
the dark vertical lines are very far from being points at any hour of the day or night.
3°, If, on comparing the mean declination observed in any particular month and at
any particular hour in one year with the mean declination in the same month and
hour in preceding or succeeding years, the values were found uniform, or presenting
at most such differences only as might reasonably be ascribed to observation errors,
or to what are usually called magnetic disturbances, we might infer that the line
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MM bad a constant value at the station to which the figure in the Plate referred, and
would apply to any other year as well as to the one in which it represents the “ sum
of all the observations in the year divided by their number.” This, however, is not
the case: the line MM prolonged into other years would not be found to correspond
with the mean declination in adjoining years, or in any other year than the one
represented. Both at Toronto and at Hobarton the line MM would have a less
westerly declination-value in years preceding, and a greater westerly declination-
value in years succeeding those represented in the Plate. This Variation, since the
observatories have been established, has at each station been progressive from year to
year ; its period, if it has a period, is unknown ; it has therefore been called * secular,”
to distinguish it from those variations which have known periods. Its value for par-
ticular years (as for example, for the three years at Toronto, and the five years at
Hobarton, which are under present notice) may be satisfactorily determined by
comparing the mean declination of one year with that of succeeding years, or of
particular portions of the year with that of the same portions of succeeding years.
At the Colonial Observatories it has been obtained by intercomparison in different
years of the mean declinations corresponding to fortnightly periods; and the small
amount of the probable errors of these determinations shows their satistactory cha-
racter. The amount of the secular variation is comparatively small at Toronto,
Hobarton and the Cape of Good Hope; but it is large at St. Helena, being an
annual increase of nearly eight minutes of west declination. This large amount at
St. Helena has proved, however, in one respect, an advantage, by the opportunity it
has afforded of examining the character of the progression according to which the
secular change takes place, and of ascertaining by the concurrent evidence of several
years, that the progression is equable and uniform in all parts of the year.

The mean secular change during the years represented in Plate XXVII. being thus
known, the mean declinations of each of the months at each of the observation-
hours have received a correction, previous to their insertion in Plate XXVI,, for the
purpose of eliminating the influence of secular change on their actual positions in the
annual range. This correction is in each case the proportional part of the secular
change due to the interval of time occurring between the month in question and the
middle period of the year. At Toronto, Hobarton and the Cape, the correction is
small and little significant, even in the months most distant from the middle of the
year; and-the Annual Pariation is consequently very little different at these stations
from the annual range, either in magnitude orv in the relative position of the several
months. But it is otherwise at St. Helena, where the secular change is large, and
its elimination therefore is indispensable, even to an approximate knowledge of the
phenomena of the Annual Variation. Happily at St. Helena the hypothesis of an uni-
torm and equable distribution of the secular change throughout the year, upon which
the elimination is based, has been shown by the series of fortnightly mean declina-
tions continued for several years, to be a correct representation of the facts of nature.
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For the mean Diurnal Variation, it is manifestly indifferent whether the secular
change be eliminated or not; the line DD retains in either case its position and
form unchanged, for the sum of the monthly corrections for secular change in every
case =0. If, therefore, the Annual Pariations were substituted for the annual
ranges in the dark vertical lines in Plate XXVII., we have reason to believe that a
correct representation would be given of what would be the facts of the Annual and
Diurnal Variations if no secular change whatsoever existed; or if a secular change
were to take place (as has recently been the case in Britain) in the opposite direction
to that which previously prevailed, and were eliminated by the same process. ,

But when the vertical lines of Annual Variation are thus placed on the Diurnal
Variation, projected as in Plate XXVII. according to its mean declination-value, the
complexity occasioned by the two phenomena being viewed together is considerable,
and is greatly increased when, as in Plate XXVI., four different stations are exhibited
on the same plate, for the special purpose of examining and comparing one class of the
phenomena only, (those of the Annual Variation,) as presented at different stations.
To facilitate this examination and comparison, the curve, if such it may be called, of
Diurnal Variation, has been projected in Plate XXVI. as a straight horizontal line;
and in that Plate consequently the Annual Variations at the several observation hours
may be viewed independently of Diurnal Variation, as well as of Secular Change.

On directing our attention to this Plate, it is perceived at the first glance, that the
range of variation at all the stations is considerably greater during the hours of the
day than during those of the night; and that there is a great similarity, though not
a perfect identity, at all the stations, in the relative amount of the range at different
hours. The amount does not progressively enlarge to a maximmum at any obviously
natural epoch,—such as, for example, at or about noon, when the sun’s altitude is
greatest, or at the early hours of the afternoon when the temperature is greatest,—but
it will be distinctly seen that at all the stations the increase of the range is most rapid in
the first or second hour after sunrise, and that its extent at the hours from 7 to 9 A.m.
(19, 20" and 21*) is not exceeded at any subsequent hour at Hobarton, the Cape,
and St. Helena ; whilst at Toronto the great enlargement of the annual range takes
place even earlier, the hours of 6, 7 and 8 a.m. being exceeded by none, though they
are equalled by a second increase at noon and the two following hours. This second
enlargement is also perceptible at the same hours, though not to the same extent, at
Hobarton and St. Helena. ‘

On examining the distribution of the months at the different hours, or their
relative positions to each other in the several vertical lines, we may perceive that
certain months, which are found congregated at the one extremity of the range
during the early hours of the morning, undergo a transfer towards the opposite ex-
tremity at a subsequent period of the day; thus June, July and August, which, in
respect to their positions in the range, may generally be grouped together, occupy
usually one extremity of the range,—and November, December and January, which,
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from a similar reason, may also be grouped together, the other extremity,—in the
early morning hours, and until from 8" to 10* .M., about which time the two groups
are respectively transferred, each towards the opposite quarter to that which it pre-
viously occupied. The period at which this transfer takes place is somewhat earlier
at Toronto and St. Helena than at the Cape and Hobarton.

The comportment of the two equinoctial months, March and September, at the
Cape of Good Hope and St. Helena, presents a contrast to that of the two solstitial
groups which have been just described, and at the same time the two months are
remarkably contrasted with each other. At the Cape, September is found exclusively
on the east side of the mean line throughout the twenty-four hours, except at the
observation hours of 0" 34™ and 1" 34™; and March as exclusively on the west side
of the mean line throughout the twenty-four hours, excepting only at the observation
hour of 2" 34m. At St. Helena also September is found on the east side of the mean
line at all hours of the twenty-four, except for one hour before and one hour after
noon, when it is slightly on the west side; and March is found on the west side of
the mean line with the exception of the hours from noon to 6 p.m. April participates
with March in the peculiarity thus described both at the Cape and St. Helena. April
is on the west side of the mean line at the Cape at all hours without exception, and
at St. Helena at all hours with the exception of 11 A.m. and noon.

I abstain from dwelling on other particulars, fearing that, not possessing any
clue towards an explanation of these remarkable phenomena, I may do harm rather
than good by contributing to give an undue significance to what may not prove the
most important features. I will only permit myself therefore to point out one or two
practical cousiderations suggested by the facts now under notice.

1. Recent researches in meteorology have shown us, that when we confine our
attention to the mean annual and mean diurnal values (of the temperature for example)
in different parts of the globe, we derive but a small part of the instruction which the
observation of nature is capable of affording. A similar remark applies with equal
justice to the consideration of the variations of the magnetic elements. In the Annual
Variation now before us, even a very cursory inspection is sufficient to show, that as
the same months occupy positions on opposite sides of the mean line at different
parts of the twenty-four hours, the mean Annual Variation, or that which is shown by
the mean values in each month taken from all the observation hours, must be merely
a residual quantity; and that consequently natural features must be more or less
masked in deductions in which only mean values are brought into view. In fact,
as has been shown in the published volumes of the observations at St. Heléna and
Hobarton, the mean annual variation at those stations is so small as to be scarcely
sensible, more particularly at Hobarton, where its whole range amounts to not more
than a small fraction of a minute of arc. But when we resolve these mean results
into their respective constituents, viz. the Annual Variation at each of the observa-
tion hours, there is then at once disclosed to us an order of natural phenomena,
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very far from inconsiderable in amount, systematic in general aspect, and apparently
well deserving the attention of those who are occupied in the delightfal and highly
intellectual pursuit of tracing the agencies of nature.

2. We perceive in the variations of position of the several months in the annual
range, the necessity of paying regard to the period of the year, as well as to the
period of the day, at which observations have been made, which do not include long
intervals, and from which nevertheless inferences are drawn in respect to secular
change. Such observations, when not those of a fixed observatory, are usually made
at some hour in the day-time, when it needs only a glance at the Plate to perceive that
Annual as well as Diurnal variation-corrections are required, unless the month as
well as the hour is the same in the earlier and later observations. A table of correc-
tions for every hour of the day to the mean value in each month—corrections derived,
as in the instances now before the Society, from a series of strictly comparable obser-
vations continued for several years—should be considered, not merely as a desirable,
but as an almost indispensable provision, in countries where magnetic surveys are
conducted with the degree of perfection of which they are now susceptible,

Woolwich, April 29, 1851 ; revised October 1851.
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