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Fig. 2 is a sketch of the low-resistance combination, showing the
hole into which the Thomson cell is inserted.

Fig. 3 shows the portable arrangement to prevent fracture of the
silk suspension.

February 25, 1886.
Professor STOKES, D.C.L., President, in the Chair.

The Presents received were laid on the table, and thanks ordered
for them.

The following Papers were read :—

I. «“On a Comparison between Apparent Inequalities of Short
Period in Sun-spot Areas and in Diurnal Declination-ranges
at Toronto and at Prague. By BALFOUR STEWART, M.A.,
LL.D., F.R.8., and WirLiaAM LANT CARPENTER, B.A., B.Sc.
Received February 17. Read February 25, 1886.

1. In a report to the Solar Physics Committee (“Proc. Roy. Soc.,”
vol. 37, p. 290, 1884) we discussed the relations between certain
apparent Inequalities of short periods in sun-spot areas on the one
hand and diurnal temperature-ranges at Toronto and at Kew of cor-
responding periods on the other.

In the present communication we proceed to discuss the connexion
between the same solar Inequalities and the diurnal declination-ranges
at Toronto and at Prague.

For the Toronto declination-ranges we are indebted to the kindness
of the Science and Art Department South Kensington, and of Mr.
Carpmael, Director of the Toronto Observatory, through whom we
have received daily values (excluding Sundays) of the diurnal range of
magnetic declination at Toronto extending from 1856 to 1879 inclu-
sive, and thus forming a series of 24 years.

Hach number is the difference in scale-divisions of the declinometer
between the greatest eastern and the greatest western deflection of
the declination magnet on each day, as observed at the hours 6 A.m.,
8 A.M., 2 P.M., 4 P.u., 10 P.m., and midnight of Toronto mean time, one
scale-division of the instrument being equal to 072 mnearly. It is
probable that such differences represent very nearly the true diurnal
range. .

Disturbances appear to be violent at Toronto, and we have rejected
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a few of the most disturbed observations, embracing those which
denote ranges above forty scale-divisions, or 28"8. Although this
rejection has been made, it must not be supposed that the remainder
are entirely undisturbed, but only that they are freed from the
excessive influence of the most violent disturbances.

‘We have extracted the Prague ranges from the published records of
that Observatory, and we have not found it necessary to exclude dis-
turbances except in one or two very marked cases. The Prague
ranges are derived from observations made at 6 a.m., 10 A, 2 .M.,
and 10 p.M., hours which are common to the whole series, and there
is reason to believe that the ranges thus deduced are not greatly
different from those which would have been obtained from an hourly
series of observations.

2. The declination-ranges of the present paper have been reduced
exactly in the same manner as the temperature-ranges of our previous
report (“‘ Proc. Roy. Soc.,” May 1, 1884, vol. 37, p. 290). It is there-
fore unnecessary to discuss the method of reduction, this having been
already done at considerable length.

We proceed consequently at once to consider—

Results of Comparison arownd 24 Days.

3. Comparison as to Duration of Period.—This is given in the fol-
lowing table, in which the sun-spot and Toronto temperature columns
are transcribed from our former paper for the purpose of comparison.
The sums in these columns are those of 36 years. The Prague decli-
nation columns exhibit likewise sums of 36 years, while the Toronto
declination columns exhibit sums of 24 years. As in our last paper,
to save space we have divided each individual sum by 100 ; that is to
say, we have dismissed the two right hand figures.

‘We have inclosed in brackets the positions of all sufficiently well-
defined maximum Inequalities of sun-spots, of Toronto temperature-
ranges, and of Prague declination-ranges. But inasmuch as the
Toronto declination-ranges only extend over 24 years, we have
merely exhibited the numbers without brackets, believing these to be
of inferior accuracy.

Before the table is examined it may be well for the reader to be
reminded that the sun-spot areas extend from 1832 to 1867 inclusive,
thus embracing 36 years; that the Toronto temperature and the
Prague declination-ranges extend from 1844 to 1879 inclusive, thus
embracing 36 years; while the Toronto declination-ranges extend
from 1856 to 1879 inclusive, thus embracing 24 years. It thus
appears that the Toronto temperature and the Prague declination-
ranges are for the same 36 years, 24 of which they have in common
with the sun-spot series. On the other hand, the Toronto declination
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series of 24 years has its 24 years in common with the Prague series,
but only 12 years in common with the sun-spot series.

Confining our comparisons in period to sun-spots, Toronto tempera-
ture, and Prague declination-ranges, it will be seen that on the whole
the positions of maximum apparent Inequality for sun-spots are near
those for Toronto temperature and Prague declination. It may be
desirable here to repeat the remark which we made in our previous
communication, that while this likeness cannot be considered as
conclusively proving a connexion, it is nevertheless the sort of
similarity which might be expected to exist between phenomena
physically connected, but which contain so many apparent Inequali-
ties, and these so near together, that our series of observations is not
sufficiently extensive to enable us to eliminate their influence upon
each other, or to allow us to ascertain their true positions.

We may likewise remark that in our opinion there is not a greater
correspondence between sun-spots and declination-ranges than be-
tween sun-spots and temperature-ranges.

4. Comparison in Phase—For this purpose we have treated the
Toronto declination and the Prague declination Inequalities ewactly
in the way in which we treated the temperature-range Inequalities of
our previous paper, so that the Inequalities of the following table
(Table IT) are quite comparable with those of our previous paper ;
they are indeed virtually the same Inequalities. The only difference
is that we have in Table II set for calculation in each case from the
corresponding sun-spot minimum, which seems to be the most con-
venient starting point when comparing together Inequalities such as
those of this table, which as a rule have only one prominent maximum
in their period. It thus appears that here the settings have been
arranged by strictly celestial considerations. If, therefore, there is no
connexion between these terrestrial and solar Inequalities, the declina-
tion-range maxima should be distributed impartially up and down the
table without any other than chance grouping together. Their
behaviour is, however, very different from this—the maxima being
comparatively closely grouped together about a position a couple of
days after the corresponding sun-spot maximum.

5. Constancy of Type in the various Inequalittes.—There is a very
considerable constancy of type in the declination Inequalities which,
as already stated, have only one prominent maximum. Nevertheless,
as will be seen both from Table IT and from the diagram which
accompanies this paper, there is a tendency to duplicity of phase in
the terrestrial that is entirely wanting in the solar Inequalities.
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Results of Comparison around 26 Days.

6. Comparison as to Duration of Period.—This is exhibited in
Table ITI, which is precisely analogous to Table I. The same remarks,
too, are applicable to both tables, and it will be observed that here,
as in the former table, the positions of maximum Inequality for sun-
spots, are, on the whole, near those for Toronto temperature and
Prague declination. Nor is there, in our opinion, a greater corre-
spondence between sun-spots and declination-ranges than between
sun-spots and temperature-ranges.

7. Comparison in Phase—This comparison is exhibited in Table IV,
which is precisely analogous to Table VI of our previous communica-
tion, except that here we have introduced the Inequality — 52, which
we had omitted from - Table VI, because the Toronto Inequality
was not sufficiently near the type. It will be noticed from Table IV,
that at least as far as regards the Toronto declination, the constancy
of phase is not so evident as for the Inequalities around 24 days. It
will likewise be remarked, that while the chief Toronto declination
maximum, like that for Inequalities around 24 days, follows a little
after the sun-spot maximum, the chief Prague declination maximum
decidedly precedes the other two. It thus appears that the similarity
in time of maximum between the two declination stations which
holds for Inequalities around 24 days (Table II) does not hold for
Inequalities around 26 days.

Broadly speaking, in both cases there are appearances of duplicity
of phase, but in the case of Toronto the same maximum has remained
the predominant one in both tables, while in the case of Prague the
predominant maximum for the 24-day Inequalities has become the
subsidiary maximum for those around 26 days.

8. In attempted explanation of this we would in the first place
desire to repeat the remark we made in our previous communication,
namely, that there are two possible kinds of periodicity with regard
to sun-spots, and that it is not necessary to regard the Inequali-
ties around 24 days and those around 26 days as perfectly
similar phenomena. Again, as regards the evidence we gave
in a footnote to that communication, tending to show that the
Inequalities around 26 days might denote the synodic periods with
respect to the earth of those around 24 days, this evidence is,
we find, borne out by the declination results. We prefer, however,
to wait until we have accumulated more information before we venture
to discuss this important subject. Meanwhile we shall content our-
selves with remarking that the similarity between the two stations,
Toronto and Prague, for the one set of magnetic Inequalities, and
their dissimilarity for the other, is at first sight in favour of the
theory of a physical difference of some sort between the two. We
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have used the words at first sight, because, apart altogether from the
comparatively small number of the Inequalities discussed, there is a
strictly terrestrial consideration which we must not lose sight of.

It is well known to all magneticians that we have not as yet arrived
at any wholly satisfactory method of separating between the disturbed
and the undisturbed magnetic observations, and the results now exhi-
bited have unquestionably been deduced from observations which
include a good many disturbances. Now under these circumstances
the effects of disturbances would only disappear from our results on
the hypothesis that such effects have no reference whatever to the
periodicities of which we have been treating—that they are, in fact,
non-periodic—so that they will become eliminated in a sufficiently
extensive series of observations. But we have much reason to sup-
pose that this is not the case, for the observations of Professor Loomis
and of Mr. John Allan Broun would seem to indicate that short-
period Inequalities of sun-spots occasion terrestrial magnetic dis-
turbances, which follow closely on the celestial phenomena, so that a
maximum of sun-spots is quickly followed by a maximum of dis-
turbance. Now in the preceding tables we have discussed some of
the most prominent solar Inequalities in connexion with their mag-
netic effects, and doubtless the result we have obtained is a composite
one, its components being an Inequality of solar dinrnal declination-
range (undisturbed), and an Inequality of disturbance declination-
range. We may add that Toronto is a station where the disturbance
is great, and also that the sun-spot Inequalities around 26 days are
greater than those around 24 days.

Attempted Elimination of Disturbances.

9. All these considerations point to the necessity of eliminating as
much as possible the effect of disturbances before we venture to
discuss our results. We have attempted to do this in the following
manner :—

First of all, we would remind the reader that the Inequalities
around 24 and 26 days that we have been dealing with are most
probably not all the Tnequalities around these periods, but only the
larger specimens of them.

We remarked in our previous communication that observations
founded on sun-spots might present the same variety of period, when
treated as we have treated them, which they presented when
treated in another way by Carrington, who found that the spots in one
solar latitude had a different period of rotation from those in another.
If there be any truth in this remark, we might expect that the few
solar Inequalities which we have exhibited are only the most promi-
nent members of a comparatively large series, packed, it may be, so
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closely together that we cannot disentangle them completely by our
limited series of observations. Now it is probable that magnetic dis-
turbances would limit themselves in great measure to the especially
large solar Inequalities, so that if we could find some method of
treating not merely the larger but all the Inequalities, we might
probably rid ourselves to a considerable extent of the influence of
disturbance. But by our method we have the means of doing this.
We possess for each element, for each period altogether over 100 series,
representing Inequalities extending from —52 to +52 of our
notation.

Furthermore, we have the same series of 24 years common to Toronto
declination, Kew temperature, and Prague declination, and it is with
this common series that we have made a comparison as follows. The
Kew temperature Inequalities have virtually only one maximum and
one minimum, and we have selected all those in which it is possible to
ascertain accurately the position of the maximum, that is to say, all
those which are according to type. Now let the Toronto and Prague
declination Inequalities be set in all cases so as to start from the
maximum of the corresponding Kew temperature Inequality, using of
course for this purpose not the whole 36 years of Prague observa-
tions, but only 24 of these. We are thus comparing 24 years of
simultaneous declination records at Toronto and at Prague, the setting
being in each case from the maximum of the corresponding Kew tem-
peratare record for the same 24 years.

In this comparison all the Inequalities, great and small, may be
imagined as made use of, and the influence of disturbance eliminated
at least to a great extent.

10. The results of this process are exhibited in the following table,
and they may be at once compared with those given in Tables 1T and
IV. TFor the purpose of this comparison we have transferred the
starting points of the modified Inequalities to the solar minimum, so
as to make them comparable with those of the previous tables. We
can easily make the change from the knowledge derived from our
previous paper that the Kew temperature maximum is about 2 days
before the solar maximum.

The Toronto declination Inequality for 24 days is mnot greatly
altered by the modified process.

In the Prague declination Inequality for 24 days the modification
produced causes the two maxima to be more clearly separated from
one another.

In both of these Inequalities as modified, the great maximum is not
long after the solar maximum.

If we turn next to the Inequalities around 26 days, we find that for
Toronto the subsidiary maximum of Table IV becomes when modified
the predominant one, and the prominent maximum of Table 1V the

VOL. XL. R
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subsidiary one, while there is no striking alteration in the Prague

Inequality.

Table V.—Modified Values with Disturbances supposed to be

Reduced.

Toronto Prague Toronto Prague
declination, | declination, || declination, | declination,
24 days. 24 days. 26 days. 26 days.
-31 -7 +38 + 60
—29 -9 +37 + 64
—22 —-11 +39 +63
—12 —-12 +37 +71
-7 -9 +36 + 61
+ 1 -1 23 +50
+ 9 + 3 + 5 +30
+17 + 5 -10 +28
+29 + 5 -19 +32
+36 - 4 —-19 +30
+41 -9 —26 +16
+ 44 —-12 -31 —15
+40 —13 —43 --40
+37 + 1 —41 —59
+29 +17 —29 —55
+ 14 +29 —-12 -38
-1 +36 + 3 -16
-17 +33 + 7 - 6
—30 +18 + 1 - 8
—32 + 1 -17 —36
-31 —12 -29 —67
-27 —20 —24 -98
—27 —18 - 4 —84
—-31 -11 +16 —44
.. .. +29 +10

. +33 +51

Thus the result has been to do away with that want of similarity
between the Toronto and Prague 26-day Inequalities which appeared
in Table IV, and to substitute two series in which the predominant
maximum of the one is near in position to that of the other, and the
subsidiary maximum of the one near in position to that of the other.

Nevertheless, the predominant maxima of the 24-day Inequalities
agree most nearly in position with the subsidiary maxima of the
26-day Inequalities. In fine, the Inequalities around 26 days are dif-
ferent from those around 24 days in much the same way for both
stations.

11. It appears to us that these results are in favour of there being
some physical difference between the Inequalities around 24 days and
those around 26 days, or at least we may use this as a Wbrking hypo-
thesis. Professor Stokes has suggested that an outbreak of solar
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activity would probably alter the quality as well as the quantity of
the solar rays, so as to bring in a greater proportion of those which
are absorbed in the upper regions of the atmosphere. We might pro-
bably thus expect a set of terrestrial actions following promptly after
the solar outbreak. This is similar to what we have more especially in
the magnetic Inequalities around 24 days.

On the other hand, if the Inequalities around 26 days are due to the
earth’s being placed in a favourable position for receiving the solar
influence, we shall have a state of things physically different from that
which we imagine to characterise the Inequalities around 24 days, and
in our ignorance of the exact way in which the sun influences the
magnetism of the earth, we cannot assert that the Inequality pro-
duced in the one case will be necessarily the same as that produced in
the other.

Apparent Progress of Magnetic Weather.

12. In order to prevent ambiguity, it is desirable to define what we
mean by the apparent progress of magnetic weather. If a particular
state of declination diurnal range—a maximum for instance—be
found to occur at Prague four days after it occurs at Toronto, and if
there is reason to believe that this difference in time depends upon the
distance between the stations, we should characterise the phenomenon
by terming it an apparent progress of magnetic weather from west to
east. But this phrase must not be regarded as implying any theoreti-
cal explanation of the observed fact, or as asserting that it is an actual
progress of matter in the direction from west to east which gives rise
to the phenomenon.

It is obvious that if such a progression exists it will be most readily
seen in the undisturbed observations, for it is one of the characteris-
tics of a disturbance to occur simultaneously or nearly so at stations
far apart, while it is another characteristic to exalt the daily range.
Hence if disturbances possess periodicity, the maxima of their
periods might be expected to occur simultaneously or mearly so at
stations far apart. Magnetical weather is, however, something
different from disturbances, and denotes, as we have used the term, a
particular state or value of undisturbed diurnal magnetic range, just
as a particular state or value of diurnal temperature-range may be said
to denote a particular kind of meteorological weather. Again, in cer-
tain preliminary investigations evidence has been given by one of us
tending to show that there is possibly a progress of magnetic weather
from west to east. But it is clear that in making a comparison of this
nature not only must we get rid of disturbances as much as possible,
but we must likewise limit our comparison to Inequalities of the same
type or nearly so. Now both of these conditions are possessed by the

eries of Table V, for in the first place we may imagine that they are
R 2
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nearly freed from disturbance, and in the next place the two series are
very much alike in type.

13. In order to compare the Inequalities of Table V we may con-
sider the Prague series as stationary and the Toronto as movable, and
take the algebraic addition of the two series in various relative posi-
tions. For instance, Toronto pulled backwards one or two divisions
(days) to the left; both together; Toronto pushed forward 1,2, 3,
4, 5, &c., divisions to the right. The algebraic sum of the two will
give the greatest range when the corresponding phases of the two
Inequalities are most nearly together.

The following is the result obtained by this method of com.
parison :—

Table VI.
24-day Inequalities. 26-day Inequalities.
Joint area Joint area
) of both. of both.
Toronto 2 to left ........... 594 Toronto 2 to left ........... 1322
N 676 N T 1448
Together  .......uees 738 Together R 1110}
Toronto 1 to right ......veaus 776 Toronto 1 to right........... 1628
p 2 eeieeieene. 804) N 1658
» B s eeeeeieie.. 796 O 11
po A i 794 - A 711
T 2N 794 | 5 1574
s 6 792 ) O 1532
T 770 w7 ceeeeee. ... 1500
s 8 eeeeenaa... 742 .
w9 cerereeeee. 726
» 10, P 121

For the 24-day Inequalities the position of maximum area is some-
what undecided, the numbers bracketed being practically the same.
On the whole we may consider that the middle point of this region,
which denotes “Toronto 4 to the right,’ expresses the nearest coin-
cidence in phase.

For the 26-day Inequalities the maximum is when Toronto is
pushed three divisions to the right. We may therefore state that as
far as this comparison is concerned, a given phase occurs at Toronto:
three or four days before it occurs at Prague. In this preliminary in-
vestigation no account has been taken of the difference in longitude
between the two stations as affecting the strict simultaneity of the
diurnal ranges.

Comparison between Temperature-ranges and Declination-ranges.

14. The Toronto temperature-ranges and the Prague declination-
ranges are for the same series of 36 years, and if we compare
together the corresponding Inequalities of these ranges as given in
Tables I and III, we obtain the following result by taking the
sums :—
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Toronto Prague Toronto Prague
Temperature-range, Declination-range, Temperature-range, Declination-range,
24 days. 24 days. 26 days. 26 days.
4735 4795 5293 6316

We may conclude from this comparison that, as treated by our
method, the declination-ranges and temperature-ranges exhibit
Inequalities pretty much of the same magnitude. There is a slight
excess of the declination over the temperature for the 26-day In-
equalities, but these, being larger, may possibly be influenced by the
results of disturbance to a grea,ter extent than those around 24 days.
Disturbance would doubtless increase the range.

Again, while both kinds of Inequalities are very much of the same
size, the results of this and of our previous paper lead us to conclude
that the one set of Inequalities does not exhibit a closer correspondence
with sun-spots than the other, so that as far as our experience goes
there is no reason for saying that for short-period solar Inequalities
the terrestrial result is more marked in magnetism than in me-
teorology.

15, It is perhaps worth while to exhibit the connexion between the
temperature-range and the declination-range Inequalities in the fol-
lowing manner (p. 234).

We have already (Art. 9) mentioned how the Kew temperature-
ranges were used by us for setting the Inequalities whose mean result
is given in Table V. Now if there be no perceptible physical relation
between temperature-range and declination-range, the declination-
range Inequalities set by this method should have their corresponding
phases distributed at random impartially up and down the paper. In
Table VII we have exhibited the individual series representing
Prague declination-ranges around 26 days that have been set by this
method, only in order to save space we have grouped them into threes
(with due regard to phase). It will, we think, be seen from this
table that, with comparatively few exceptions, minus numbers are
grouped together in the upper part of the table, and plus numbers in
the lower.

The result is thus, in our opinion, in favour of that hypothesis
which asserts a physical relationship between the two Inequalities.
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