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XV. On the Relation between the Diurnal Range of Magnetic Declination and
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years 1841 to 1877, and the Period of Solar Spot Frequency.
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Department, Royal Observatory, Greenwich.
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s

THE equipment of the Magnetical and Meteorological Department of the Royal
Observatory at Greenwich, established and organised by the present Astronomer
Royal, Sir GeorcE B. A1ry, K.C.B., was generally complete at the latter part of the
year 1840, since which time.observations have been continuously made. TUntil the
end of the year 1847 these consisted of eye readings of the various instruments, taken
at intervals of two hours. But Mr. CHARLES BROOKE having at this time arranged a
practical system of photographic registration, continuous records of the indications of
the instruments have been, since the beginning of the year 1848, by this means
obtained.* These records form a sure basis on which to found any magnetic inquiry.
The magnetic elements which have been the subject of observation are, firstly,
absolute determinations of magnetic declination, of the horizontal component of the
earth’s magnetic force, and of magnetic dip or inclination ; and, secondly, the continu-
ous variations to which the declination and the horizontal and vertical components of
the earth’s force are subject. The absolute measures are important in combination
with similar measures made at other places for determination of the general magnetic
condition of the earth, and of the slow changes occurring therein. But the smaller
variations of shorter period, as observed at any one place, also throw great light on

* For information in reference to this subject, see papers by Mr. BRoOKE in the Philosophical Trans-
actions for the years 1847, 1850, and 1852 ; and also the Addendum to the introduction to the ¢ Green-
wich Magnetical and Meteorological Observations ’ for 1847.
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the general laws and phenomena of magnetic action. Thus the variations of declina-
tion, and of the horizontal and vertical components of the magnetic force, each include
a well-marked diurnal period, analogous in some degree to that of atmospheric tem-
perature ; and, speaking generally, the range of the diurnal variation at Greenwich is,
in each case, greater in summer than in winter. In addition, however, to the annual
inequality in the magnetic diurnal range there appears to be yet another, also of
marked character but of longer period, one which resembles in its features the
apparently well established eleven year sun-spot period, and which it is the object of
the present paper to evolve.

This is not by any means the first time that the relation alluded to has been dis-
cussed. The investigations of General Sir E. SABINE, Professor BALFOUR STEWART,
and Mr. BROUN in our own country, and those of Professor LamoNt and Dr. WoLr
among foreign workers, will immediately occur to all who may be in any way acquainted
with the literature of the subject. But it appeared to me that the long series of Green-
wich observations might be applied as a valuable independent test of the accuracy of
the generally received relation. For (as regards the results made use of in this paper)
the observations at Greenwich have been throughout made on the same general plan,
and with the same instruments ;* the results are therefore well adapted for use in an
inquiry of the kind, and the conclusion arrived at is one in which it is reasonable to
suppose that considerable confidence may be placed.

To proceed now with the subject. The indications of the declination magnet are
not directly affected by temperature, but those of the horizontal force magnet are so
affected. The correction applicable in the case of the latter instrument has been at
various times determined by different processes with fair general accordance of results,
and no error of importance is likely to have been by this cause introduced. Moreover,
as regards the present inquiry, since the effect of any such small error would simply
be to only slightly raise or depress parts of the horizontal force curve as figured in the
diagrams, the general deductions of this paper would in no degree be affected. The
indications of vertical force are for the present object not very manageable; several
different instruments have been employed during the period under discussion, and the
results present some anomalies which are possibly in part instrumental. Our attention
at present is therefore confined to a discussion of the inequalities of declination and
horizontal force.

The mean diurnal range of declination in each individual month is taken to represent
(relatively to other months) the magnetic energy of the month. And similarly for

* Tt is true that a new magnet (precisely similar in dimensions to the old one) was brought into use at
the beginning of the year 1865 for photographic registration of the variations of declination; but its
indications are compared four times daily with those of the old magnet (still used for determination of the
absolute declination), so that the complete correspondence of the whole series of observations is thereby ‘
assured. For horizontal force the same identical magnet was used throughout.
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horizontal force. Two series of numbers are thus formed, such series being treated
independently.

By the mean diurnal range of declination or horizontal force is to be understood a
number formed as follows :—Means of the indications at each separate hour being
taken through a month, the difference between the greatest and least amongst these
mean values is the monthly mean diurnal range. It should be stated that in the
formation of these means, days of great magnetic disturbance were rejected, and also
certain other days on which there prevailed a lesser but considerable amount of dis-
turbance (not, however, defined by any strict numerical rule, but estimated according
to a general standard formed in the examination of many thousands of photographs).
The numbers, both for declination and horizontal force (those referring to the latter
being corrected for temperature), for the years from 1841 to 1877 inclusive, are given
in the following table. Until the end of the year 1847 the numbers were obtained
from two-hourly values, and may therefore be a little small as compared with those for
the remaining years which depend on hourly values, but no correction has on this
account been applied. The two sets of numbers are taken as forming one uniform

serles.
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The observations were partly interrupted during the year 1864 in consequence of
the construction of the ‘“magnetic basement,” to be alluded to hereafter. The
values for 1864, inserted in the preceding table, both for declination and horizontal
force, are inferred values, as also are those for horizontal force for January 1847, July
1861, and January 1865. All other numbers (excepting those for the years 1865,
1866, and 1867, which have only recently been deduced from the photographs) may
be verified by reference to the several annual volumes of ¢ Greenwich Magnetical and
Meteorological Observations,” 1841 to 1847, to the ‘ Results of Magnetical and Meteoro-
logical Observations’for 1859 and 1867, and to those for the several years commencing
with 1868. The numbers for the years 1841 to 1847 will, in some cases, slightly differ
from those to be obtained from the several printed volumes, because, in the formation
of the magnetic abstracts, until the year 1847, no separation of days of unusual
magnetic disturbance was made. And commencing with the year 1868 the numbers
for horizontal force, as given by the yearly volumes, require correction for temperature :
the correction is, however, very small, and has been here duly applied.

The increase of the numbers in the summer months in both elements is, in the
preceding table, plainly apparent. But in order to estimate progressive change, a
number for each month is required which shall be free of annual inequality, and such
number has been formed as follows. Taking, for example, the month of July, the
new number—suppose for declination—is equal to

2] Number for January (preceding) +Number for January (following) ]
+¢5(Number for February+Number for March . ... .. -+ Number for December)

and it represents an annual mean applying to the year whose centre is the middle of
July. And similarly for each individual month. The process, which assumes the
months to be equal in length, is equivalent to taking the means of each twelve
consecutive monthly numbers, and again taking the means of each two consecutive
nambers. Thus is obtained, both for declination and horizontal force, a set of
numbers practically free of annual inequality. Throughout this discussion the effect
of lunar inequalities, as being presumably small, is neglected. The new numbers are
contained in the following table.
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RANGE AND THE PERIOD OF SOLAR SPOT FREQUENCY. 547

A very slight examination of the numbers contained in the foregoing table is
sufficient to show the existence of distinct epochs of minimum and maximum, the
successive epochs of minimum and the successive epochs of maximum being separated
by an interval of ten or eleven years, that between minimum and maximum being about
four years, and that between maximum and minimum about seven years. -

The numbers of the last table were now employed to form the two curves of
magnetic diurnal range given on Plate 22.

The numbers for horizontal force indicate variation of northerly force, and are
expressed in parts of the whole horizontal force : those for declination imply westerly
force equivalent in terms of horizontal force to ¢ horizontal force X sine of number for
declination.”  Or the sine of the number for declination represents the westerly force
in terms of the horizontal force. The scales for declination and horizontal force on
Plate 22 are therefore so arranged that each minute of arc of declination is repre-
sented by *0008 of horizontal force, and so on in proportion. By imagining the scales
to be extended downwards to their zeros, which will be found to coincide, the com-
parative magnitudes of the diurnal ranges, as well as their variations of magnitude,
are more clearly perceived.

One other matter, of no particular significance, may perhaps be mentioned, which is
that no account is taken of the slow change in the absolute magnitude of the hori-
zontal force : the effect of neglecting it is simply that the two magnetic curves are,
in the later years, slightly depressed, as compared with the earlier years, but without
affecting the relation of the curves, each one to the other.

The upper curve on Plate 22, indicating sun-spot frequency, is formed by laying
down corresponding numbers taken from the table given by Dr. RuboLr WoLF in
his ¢ Astronomische Mittheilungen,” No. 42. They are identical with those contained
in the table included in Dr. WoLF’s “ Mémoire sur la Période commune a la Fréquence
des Taches Solaires et & la Variation de la Déclinaison Magnétique ” (‘ Memoirs of the
Royal Astronomical Society,” vol. xliii., page 199). Dr. WoLF's monthly numbers of
relative sun-spot frequency, as determined directly from observation, are given for the
years under consideration in other parts of the ¢ Astronomische Mittheilungen.” But
for the purpose of smoothing their accidental irregularities he treats them (so forming
the numbers above indicated) precisely as the numbers in our Table I. have been
treated, in order to eliminate annual inequality. The magnetic curves and the sun-
spot curve are thus strictly comparable. Dr. WoLF’s smoothed table terminates with
the month of June 1876. The monthly numbers for the succeeding year, to June
1877, are taken from the ‘ Astronomische Mittheilungen,” No. 46. In laying down the
sun-spot numbers on Plate 22, one minute of arc of declination is taken as corresponding
to 20°0 in sun-spot number.

An examination of Plate 22 shows immediately the remarkable correspondence
between the three curves. It will be noticed that the magnetic curves, in the earlier
years, show more sinuosities than in the later years. Now, until the year 1863 the
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Instruments were situated in the original “ upper magnet room ” of the Magnetical and
Meteorological Observatory—a room subject to the ordinary changes of temperature of
an above-ground apartment. But on completion of the new magnetic basement,
excavated under the old magnetic building in the year 1864, the instruments were
moved to this new room, in which the diurnal range of temperature is, on the average,
less than 1°.  The advantage of the latter location of the instruments is evident ; it has
undoubtedly tended to give greater smoothness to the results. That those of the
horizontal force instrument should show improvement was likely, but that the
improvement should extend also to the results for declination seems to indicate that
some general causes of disturbance, other than the direct action of temperature, are
avoided by the location in a room kept at a more uniform temperature.

On further comparing together the curves, the general flatness of the 1860
maximum in all three curves, and the opposite sharpness of the 1870 maximum, are
noteworthy ; the maximum of 1848 occupies in this respect an intermediate position.
The rise from the epoch of minimum to that of maximum appears to be particularly
rapid. And in all three cases of descent from the epoch of maximum to that of minimum
there occurs a greater or less check in the fall of the curve, and sometimes even a second
small rise. The near coincidence in the check in the rise in 1869, and in the fall in
1872, shown in both cases in all three curves, seems also remarkable.

If we select the extreme points of the curves we obtain the following epochs of

minima and maxima.

Tasre III.—Epochs of minima and maxima of extreme points of the curves.

Epoch. i Excess above Sun-Spot Epoch.
- T Sun-Spot
Phasge. | |
. ! Mean Epoch. . I Mean
o e H tal ; s - Horizontal .
Declination. o}j,r;izg. a M Egﬁgzﬁc Declination. Féfce. ‘ Mﬁgz&lc
y v ¥
Minimum . 18443 18429 184360 18435 +0-8 —06 +0-10
Maximum . 18481 18490 184855 | 18481 00 +09 + 045
! Minimum . 18572 18551 185615 1856-0 +1-2 —09 +015
Maximum . 18606 18602 186040 18601 +05 +01 +0-30
Minimum . 18675 1867°6 1867-55 1867-2 +03 +04 +035
- Maximum . 18708 18709 187085 | 18706 +02 +0-3 +0-25
Mean Excess at Epoch of Minimuom . . . . . . . . +077 —0:37 4020
i Mean Excess at Epoch of Maximum. . . . . . . . +023 +043 +033
5} General Mean Excess. . . . . . . . . . . . . +0-50 +003 +0:27

If we take differences hetween the successive epochs of minimum and maximum of
the mean magnetic effect we obtain the intervals '

W y v

495 760 425 715 330
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From the sun-spot epochs the intervals are

K Y Yy Y Y
460 790 410 710 340
) ® ® ® ®
The order of magnitude of the shorter intervals (minimum to maximum) is 5, 3, 1,
for both sets of numbers; the order for the longer intervals (maximum to minimum)
is 4, 2, also for both sets of numbers.
between the two phenomena.
The mean of the three intervals from minimum to maximum of magnetic effect is

This shows how complete is the relation

4?17, and of sun-spot frequency is 4'y03 ; the mean of the two intervals from maximum
Y .
to minimum of magnetic effect is 7'38, and of sun-spot frequency is 7:50. Whole

period of magnetic effect 113{55, of sun-spot frequency 11'53.

It is to be remarked that the extreme points of curves having small irregularities,
such as are seen on the diagram, do not quite fairly represent the actual epochs of
minimum and maximum. The numbers contained in Table II. (and also WoLr’s
corresponding numbers) were therefore smoothed, by numerical process, as seemed
necessary, and epochs of minima and maxima again selected, with the following result.

TaBLe IV.—Epochs of minima and maxima of extreme points of the curve numbers
after being smoothed.

Epoch. . Excess above Sun-Spot Epoch.
Sun-Spot
Phase.
. Mean Epoch. . Mean
A H tal . . Horizontal .
Declination. (i?r;igg Mgg‘:cett'lc Declination. Foree. Mﬁgzgtt.w

Y ¥
Minimum 1844-4 1842-9 184365 18437 + 5‘7 —OJ'S —005
Maximum 18482 18487 184845 18482 00 +05 +0-25
Minimum 1857-0 18553 1856:15 18560 +1-0 —07 +015
Maximum 18604 1860-3 186035 18602 +02 +01 +015
Minimum 18672 1867:0 1867°10 18672 0:0 —02 —0°10
Maximum 18710 18708 187090 1870°7 +03 +01 +0-20
Mean Excess at Epoch of Minimum +0-57 —0'57 0-00
Mean Excess at Epoch of Maximum +017 +023 +020
General Mean Excess +0-37 —017 +0:10

Taking differences between the magnetic epochs of minimum and maximum, as
before, we obtain the intervals

K ¥ Yy Yy Y
4-80 770 420 6°75 380
the sun-spot epoch intervals being
450 780 420 700 850

o)) @) )
4 B

(€Y ()
MDCCCLXXX.
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The order of magnitude of the shorter intervals (minimum to maximum) and of the
longer intervals (maximum to minimum) is the same for both sets of numbers, as before.
The mean, as before, of the three intervals from minimum to maximum of magnetic

. y . ?/ .
effect is 4'27, and of sun-spot frequency is 4:07; the mean of the two intervals from
. . 3 . . ” - g
maximum to minimum of magnetic effect is 7°28, and of sun-spot frequency is 7°40.

Whole period of magnetic effect 11°50, of sun-spot frequency 1147,

These results generally agree closely with those deduced from Table ITI.*

It will be noticed (Tables III. and IV.) that in two instances in which the declina-
tion epoch of minimum was retarded, that of horizontal force was accelerated, giving
a mean magnetic epoch according well with the sun-spot epoch.

It has already been pointed out how closely the intervals between successive
magnetic epochs agree with those between the corresponding sun-spot epochs, not-
withstanding the difference in magnitude of the different intervals. As related to
this it may be here further mentioned that if we add together the successive values
of the numbers immediately following Table IV., to form complete periods, we get

. . 3 v Y ¥
For magnetic periods. . . . . 1250 1190 1095 1055
For sun-spot periods . . . . . 1230 12-00 11-20 10°50

These numbers, whilst showing that the duration of the period has, for several
periods, been steadily decreasing, exhibit in a yet more striking manner the corre-
spondence between the two phenomena.

One other circumstance may be mentioned, which is that according to the numbers
of Tables IIL. and IV. (last column), the epochs of magnetic minimum and maximum
appear, on the whole, to follow slightly the corresponding solar epochs, Further
allusion will, however, be made to this point.

The general circumstance that the diurnal ranges of magnetic elements are subject
to an eleven year period, concomitant with that of sun-spot frequency, being thus, by
the comparison of the smoothed curves of these phenomena, considered to be sufficiently
well established, it seems now desirable to ascertain whether, by comparison of the
actual monthly indications, the more fitful changes of the phenomena in any way also
correspond. Before proceeding to explain how this has been done it is necessary to
premise that whilst (as has been previously mentioned) the magnetic diurnal ranges
are subject to an inequality of annual period, of considerable amount and large in
comparison with the other changes to which they are subject, the solar spot energy

* The mean periods deduced from Tables III. and IV. are exhibited simply for the purpose of showing
the accordance between the mean magnetic period and the mean sun-spot period as given by the series of
observations discussed in the present paper, without at all implying any correction of the generally received
mean value of the sun-spot period, or indeed stipulating for any definite length of period.
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(so far as examination of the sun-spot numbers shows) has, as might be expected, no
corresponding annual period.* The numbers in Table VI. do indeed yield a small
inequality of irregular character (see the means at the foot of the table), but it is, if
not wholly accidental, of very small magnitude as compared with the general changes
shown by the sun-spot numbers, and is not further considered here. The magnetic
diurnal ranges must therefore be now treated in such a way as shall eliminate their
average annual inequalities without destroying or reducing their other fluctuations
which are the proper subject of comparison with the fluctuations of the sun-spot
numbers. To proceed now with a description of the process used. We have at the
foot of Table I. the means of the whole of the values standing in each vertical column
of the table ; also the general mean both for declination and horizontal force. And it
will be seen, in the case of either element, that the differences between the general
mean and the several mean monthly values give corrections, applicable severally to
all the numbers in each of the twelve columns of the table. The corrections to the
declination values of Table I. so found are, for each month respectively, as follow :
For January +2°7, February 41”4, March —0"8, April —2"5, May —1"6, June
~1"7, July —1”8, August —1"'9, September —0"8, October 404, November +2"4,
and December +87. The corresponding corrections to the horizontal force values of
Table I. for each month respectively are : For January +7, February 46, March +1,
April —7, May —6, June —6, July —6, August —4, September —2, October +1,
November +7, and December +9. By application of these series of corrections to
the values of Table I. the average annual inequality of each element is removed,
whilst the accidental variations remain. The numbers found in the way described are
given in the next table.

* The annual inequality of magnetic diurnal range varies with locality, For instance, at Hobarton, in
latitude 43° south, the annual inequalities, as compared with Greenwich, are reversed, the diurnal ranges
being greatest in our winter, and least in our summer. The sun-spot variation, an independent cosmical
phenomenon, can have no relation with the constant part of the annual inequality which depends on Jocal

geographical position.

4 B2
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It may be remarked that if the numbers of Table V. be treated in the way in which
the numbers of Table I. were treated to obtain those of Table II., the smoothed values
of Table II. would be similarly obtained. '

The numbers of the preceding table were now employed to form the two lower
curves of Plate 23, taking one minute of arc of declination as corresponding to *0003 of
horizontal force as before. But the coincidence of the zeros of the scales could not, as
in Plate 22, be here maintained, because the curves would overlap in such a way as to
cause great confusion. The variations of magnitude have, of course, the same relation
as before.

The upper curve of Plate 23, that of sun-spot frequency, is laid down, not from the
numbers previously used (for Plate 22), but from the monthly values deduced by Dr.
Worr directly from observation, and given in his ‘ Astronomische Mittheilungen,’
Nos. 38, 39, 42, and 46. As these values are probably not so generally available as
those used for Plate 22, it has been thought desirable to insert them here. They are
the numbers from which, by application of the smoothing process before described,
those used in the construction of the sun-spot curve of Plate 22 were obtained.

TaBLE VI.—Numbers expressing the relative sun-spot frequency in each month,
as deduced by Dr. WoLF directly from observation.

August. | Sept. EOctober. Nov. Dee,

Year. Jan. Feb. March, | April. | May. June. July. |

1841 240 29-9 297 42:6 674 557 30-8 398 351 285 19-8 388
1842 204 221 217 26+9 24°9 205 12-6 265 185 381 40'5 176
1843 133 35 83 83 21°1 105 95 11-8 42 53 191 127
1844 94 147 136 20-8 120 37 21°2 239 69 21'5 107 216
1845 257 43'6 433 569 47-8 3111 306 323 296 407 39:4 597
1846 387 510 639 692 599 651 46'5 548 107'1 559 604 655
1847 626 44-9 857 | 447 754 85-3 522 1406 1612 1804 1389 1096

1848 1591 111-8 1089 i 1071 | 1022 128:8 1392 1325 100:3 1324 114'6 1595
1849 15677 1317 96°5 1025 806 812 780 613 93'7 5 997 970

1850 780 894 82:6 441 616 700 391 616 862 710 54:8 600
1851 75'5 1054 64'6 565 626 632 36-1 574 67-9 625 50-9 714
1852 684 67°5 612 654 549 46-9 42:0 89-7 375 67'3 543 454
1858 411 429 877 476 347 40+0 459 504 335 42'3 288 234
1854 154 200 20°7 26°4 240 2111 187 158 22-4 127 28-2 214

1855 123 114 174 44 91 53 04 al 0-0 97 42 31 !
1856 05 49 04 65 00 50 46 59 44 45 7 72 J
1857 187 74 52 111 292 160 222 169 42°4 406 314 372 |
1858 390 349 575 383 414 445 567 55'8 801 91-2 51-9 669 |
1859 837 876 903 857 910 871 952 106-8 105-8 1146 97-2 810 |
1860 815 88:0 989 714 | 1071 1086 1167 100-3 92°2 90°1 97-9 956

1861 62:3 778 101-0 985 568 878 78:0 82'5 799 672 537 805
1862 631 64°5 436 537 64-4 84:0 734 625 66°6 42-0 506 409
1863 48'3 567 664 406 53-8 40-8 327 48'1 220 29'9 377 41-2
1864 577 471 663 35'8 40°6 57-8 547 548 285 339 576 286

1865 487 393 39'5 294 34:5% 336 26°8 378 2146 17-1 246 128
1866 316 384 246 176 12:9 165 93 127 7'3 14-1 90 1’5
1867 00 07 92 51 29 15 50 49 98 135 9:3 252
1868 156 158 265 366 267 311 286 344 438 617 591 67:6
1869 609 59'3 527 41°0 | 1040 1084 592 796 806 594 774 104-3

1870 773 1149 1594 1600 | 1760 1856 | 1324 1538 136°0 146°4 1475 1300
1871 883 1253 1432 1624 | 1455 917 | 1030 1100 80-3 89-0 1054 90:3
1872 795 1201 884 1021 | 1076 1099 | 1052 92°9 114°6 1035 112:0 839
1873 86'7 107-0 983 76-2 479 448 = 669 682 47'5 474 554 49-2
1874 60-8 642 464 32-0 446 382 j 67-8 613 280 343 289 29-3

1875 146 22'2 33-8 201 11°5 289 125 146 24 127 177 99
1876 143 150 31-2 23 51 16 @ 152 8:8 99 143 99 82
1877 244 87 117 158 212 134 59 63 164 67 145 23

Means, 5011 53'8 554 507 531 51'5 | 480 532 520 536 51-9 514
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In laying down on Plate 23 the numbers of the foregoing table, the same relative
scale has been employed as on Plate 22, that is to say, one minute of arc of declination
is taken to correspond to 20°0 in sun-spot number.

The appearance of Plate 23 is very different from that of Plate 22, the special pecu-
liarity of each month being now fully displayed; at the same time the general eleven
year relation is also distinctly apparent. In regard to what may be called minor
variations, the correspondence between the curves is not always of a marked character ;
but in some of the greater and more sudden manifestations of energy, the agreement
is very striking. Thus the sudden increase of sun-spot activity in the middle of the
year 1847 is accompanied by a no less sudden rise in the declination curve, and, in
both cases also, the increased activity is for some time maintained. But no corres-
ponding motion of similar extent is to be seen in the horizontal force trace, although
there is a sudden increase, previously, in 1846, and another, afterwards, in 1848, the
former of which nearly agrees with a lesser upward movement in the sun-spot curve,
and the latter with renewal of activity in the same curve. Again, various correspon-
dences near the epoch of the 1870 maximum are very remarkable; in each of the
years 1869, 1870, 1871, and 1872 there are upward motions, the counterparts of which
even to some of the smaller bends are to be seen in all three curves. A sudden fall
in the year 1873, without upward return, is also shown both in the sun-spot and
declination curves, although hardly with equal distinctness in the horizontal force curve.
In 1869 the highest point in the sun-spot curve is reached in June, the highest points
in the two magnetic curves being reached in July and June respectively ; in 1870 the
highest point of the sun-spot curve is reached in May, and the corresponding points in
the two magnetic curves in July and June respectively ; in 1871 the highest point in
the sun-spot curve is reached in April, the highest points in the two magnetic curves
both occurring also in April. Generally, the variations about the period of the 1870
maximum occur so nearly simultaneously in the three curves that it does not definitely
appear that there is any real difference of epoch. The results deduced in Tables III.
and IV., from consideration of the epochs of minimum and maximum only, have pre-
viously shown the difference to be small. The presumption, in regard to epoch, is that
if the various phases of sun-spot and magnetic effect are not entirely coincident, the
latter follow the former by comparatively short intervals of time.

It seems worth pointing out that at each of the three epochs of maximum the sun-
spot curve exhibits a double maximum ; the®similarity of the manifestation in the
first and third cases, 1848 and 1870, being remarkable. The three curves show in
general a much closer agreement during the later years, which seems to confirm the
impression produced by the consideration of Plate 22, that a greater accuracy in the
magnetic indications has been attained since the instruments have been located in the
magnetic basement, that is since the beginning of the year 1865.

A further examination of Plate 23 shows that although the average-annual inequality

in the magnetic curves has been removed, there yet remains, in some years, a very
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sensible inequality (see the declination curve in 1857 and in other years, and the
horizontal force curve about the year 1856, and also in other years), not to be explained
by direct reference to the sun-spot curve. This suggests, as a matter for inquiry, the
possible existence of variation in the annual inequalities. But the general examination
of annual inequality is complicated by reason of the existence of the eleven year
period. Thus in Table I. for declination the values for the successive months of
January, in the years 1849 to 1851 (closely following a maximum epoch), are 9”0,
8”0, and 6”5 respectively, whilst in the years 1867 to 1870 (approaching a maximum
epoch), the successive January values are 49, 5”7, 6”6, and 74, The annual in-
equalities have therefore been investigated near to the epochs of minimum and
maximum only. Adopting the years 1843, 1856, and 1867 as epochs of minimum,
and the years 1848, 1860, and 1870 as epochs of maximum, the means of the numbers
in Table I. have been taken at each of these six epochs for periods of three years, both
for declination and horizontal force, the middle year in each period being one of those
just mentioned. Deducting from the numbers so found for each month, the monthly
means for the whole period, 1841 to 1877 (the means of the numbers in Table 1.), the
annual inequality of each element at the different epochs, as referred to the mean
annual inequality, is exhibited. The results for declination are contained in the
following table, in which it is to be understood that the number under January 1843
(6"2) is the mean of the numbers for January (Table L) in the three years 1842,
1843, and 1844, and similarly throughout the table, the “mean” minimum and “mean”
maximum being in each case the mean of the numbers standing in the three columns

immediately preceding.
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. Considering the diagrams of Plate 24 firstly in regard to the forms of the magnetic

curves (figs. 1 to 4 and 9 to 12), it is to be observed (figs. 4 and 12), that a tendency
to greater activity is shown in spring and autumn than in summer, the tendency to
decline of activity in summer being apparent in many of the separate curves (figs. 1 to 3
and 9 to 11). It appears further that the curves show a tendency to separate more
in summer than in winter, indicating variation in the annual inequalities, of periodic
character ; but in order to determine whether or no they possess this quality, we
must consider and estimate the possible influence® of the corresponding sun-spot
irregularities (figs. 17 to 20). Comparing these with the magnetic curves, it may be
remarked that the unusual rise in the upper curves of figs. 3 and 11 seems (according
to what was seen in Plate 23) to be in great part due to the corresponding sun-spot
activity shown in the upper curve of fig. 19. It is therefore conceivable that, con-
versely, the upper curves of figs. 1 and 9 would have ranged higher but for the sun-
spot influence indicated by the corresponding upper curve of fig. 17. These points
are, however, somewhat better indicated in the supplementary curves (figs. 5 to 7,
13 to 15, and 21 to 23), which show the deviation from the mean annual curve (the
middle curves of figs. 4, 12, and 20) in each period for each element.t Thus the
influence indicated by the upper curve of fig. 23 is seen in the corresponding upper
curves of figs. 7 and 15; the converse influence indicated by the upper curve of
fig. 21 having probably operated to lower the middle portions of the corresponding
upper curves of figs. 5 and 18. If on making allowance in this way for the
accidental sun-spot influences, the upper curves (figs. 5 to 7, and 13 to 15) appear
to bend upwards at their middle points, and the lower curves downwards; we have
indication that the variation in the annual inequalities of the magnetic elements is
really periodic. There is a general accordance in this respect as regards declination,
but the agreement for horizontal force is not so good, the lower curve of fig. 13 and
the upper curve of fig. 14 being both contradictory. The mean effect is exhibited in
figs. 8, 16, and 24. The upper curves of figs. 8 and 16 clearly bend upwards, and
the lower curves downwards, and the question now is how far these indications are
likely to be modified by consideration of the corresponding sun-spot indications of
fig. 24. It is to be remarked that the sun-spot scale was so arranged with regard to
the magnetic scales that corresponding motions (see Plates 22 and 23) occupy vertical
spaces on the paper of about equal magnitude, and the same relative scale is employed
in Plate 24. If anything, the sun-spot scale is somewhat too large. Consideration

* Although, for brevity, it is convenient here and in following sentences to speak of sun-spot influence,
the sun-spot phenomena are probably only incomplete manifestations of solar or cosmical action as yet
only imperfectly understood.

t The middle curve of fig. 20 represents the average annual inequality or irregularity of sun-spot
frequency; and, unlike the corresponding magnetic inequalities (see middle curve figs. 4 and 12), it
is nearly a straight line, which explains how reference to it produces so little change in the form of the
curves, figs, 21 to 24, as compared with those of figs. 17 to 20.

4 ¢c2
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of the small sun-spot irregularities of fig. 24 would therefore influence, in an insigni-
ficant degree only, the forms of the corresponding upper and lower curves of figs. 8
and 16 ; that is to say, the upper curves would still incline upwards at their middle
points, and the lower curves downwards, indicating that after allowance is made for
the accidental sun-spot irregularity (in the aggregate small), the magnitude of the
diurnal range of declination and horizontal force at the time of a sun-spot maximum,
as compared with the value at the time of a sun-spot minimum, is increased more in
the summer than in the winter months; or the annual inequality of magnetic diurnal
range is increased at the time of a sun-spot maximum, and decreased at the time
of a sun-spot minimum, as compared with the average annual inequality. In other
words, the annual inequality appears to be increased when the mean diurnal range
is increased, and diminished when the mean diurnal range is diminished. If it be
desired to examine the question numerically, the materials for so doing may be found
in Tables VIL, VIIL, and IX.; but, having exhibited the results in graphical form,
it seems scarcely necessary here to pursue the subject further.

The general conclusions which may be considered to be derived from the whole
inquiry are—

1. That the diurnal ranges of the magnetic elements of declination and horizontal
force are subject to a periodical variation, the duration of which is equal to that of
the known eleven year sun-spot period.

2. That the epochs of minimum and maximum of magnetic and sun-spot effect are
nearly coincident, the magnetic epochs on the whole occurring somewhat later than
the corresponding sun-spot epochs. The variations of duration in different periods
appear to be similar for both phenomena.

3. That the occasional more sudden outbursts of magnetic and sun-spot energy,
extending sometimes over periods of several months, appear to occur nearly simul-
taneously, and progress collaterally.

4. That it seems probable that the annual inequalities of magnetic diurnal range
are subject also to periodical variation, being increased at the time of a sun-spot
maximum, when the mean diurnal range is increased, and diminished at the time of a
sun-spot minimum, when the mean diurnal range is diminished.

Conclusions Nos. 1, 2, and 3 appear to be sufficiently certain, but the evidence in
favour of No. 4 is not so decisive.



