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ART. XVI.—On Terrestrial Magnetism, as a mode of Motion; by
PLiny EArLE CHase, MA,, SP.AS!

Iv anote toa former communication, I expressed my belief
that the British Astronomer Royal would find in the mechanical
action of the sun’s rays, the precise ‘‘occasional currents’ for
which he was seeking, as the probable cause of magnetic storms.
Mr. Airy has recently sent me a copy of his very interesting
paper (Trans. Roy. Soc., 1868, Art. XX1X), and its' perusal has
greatly strengthened this belief.

All of my meteorological'views rest upon the hypothesis; that
the atmospheric changes, whether of humidity, temperature,
pressure, electricity, or magnetism, are purely mechanical ; and
that, being controlled by the laws of motions, their proper ex-
planation does not re%uire the assumption of any peculiar mag-
netic or electric flnid, but that a single homogeneous, elastic, and
all-pervading @ther may be both the source and the receptacle
of all the various forms of force. - In its principal features, this
theory harmonizes with the now generally accepted belief in the
mechanical origin of light and heat, but in its details it involves
some new and interesting special applications, which I have en-
deavored partially to develop.

" It will be readily seen, by a reference to my communication
of April 15 (Proc. A. P. 8., ix, 867, et seq.), that the mechan-
dcal action of the carrents to whose electric action Ampére
ascribed the origin of terrestrial magnetism, produces two oppo-
site spirals in the air and zther,—the lower moving from the

! From the Proccedings of the American Philosophical Society, Oct. 21, 1864,
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118 P. E. Chase on Terrestrial

poles to the equator, and against the earth’s rotation; the upper
from the equator to the poles, and in the same direction as the
earth’s rotation ; the' two being connected by innumerable cur-
rents of convection, or threads of ascending and descending
particles. It will also be evident that at every place there are
two principal sets of such double spirals, one with an axis per-
pendicular to the earth’s radius vector, producing a maximum
disturbance in the early afternoon, and the other more stable and
uniform, with an axis passing through the nearest poles of great-
est cold. In addition to the mutual perturbations of these two
principal polarizing currents, the rolling of the luni-tidal attrac-
tion-wave produces at every instant a greater or less derange-
ment,” and I find that the ratio of the lunar-barometric to the
lunar-magnetic disturbance, (4'384), is nearly identical with Mr.
Welsh's determination of the moment of magnetic inertia (4'4696 ;
Phil. Trans., cliii, 297). From a variety of considerations, it
appears that the mechanical polarity or magnetic force thus en-
gendered is a third proportional to two other forces, which may
be called, respectively, central and tangential.

The communication which was presented at the meeting of
Oct. 7, in its exhibition of the first numerical relationship that
has even been pointed out between the barometric and magnetic
fluctuations, showed that A : B:: B : M, a proportion in which
A represents a central, B a tangential, and M a magnetic force.

I find a similar proportionality in each of Mr. Airy’s sum-
mary tables (Op. cit, p. 627, seg). Thus, in his “Table II,
Algebraic Sums of Magnetic Fluctuations (in terms of Hori-
zontal force) for each Year; from 1841 to 1857, including all
Days of Record of Great Magnetical disturbance,” the Mean
Disturbance is

Westerly force. Northerly force. Nadir force.
- 00023=M. —~+00146=T. — 00057=C.
Here the proportion T: C :: C: M gives for M a
Theoretical value, . . . . —000222
Observed . . . — 000228
Probable error, . . . 000080

“Table III. Algebraic Sums of Magnetic Fluctuations (in
terms of Horizontal Force) for each Year, from 1841 to 1857,
including only those Days of Great Magnetic Disturbance, in
which Records were made by the three Instruments.”

Theoretical value of M, . . . . —+000287
Observed % “ . . . —-000257
Probable error, . . . *000068

* Besides the great disturbing agencies, whose effects may perhaps be determin-
fble by mathematical prediction, every transient local accumulation” of heat or cold
will exert an influence. Everythiag that can produce currents or eddies in the at-
mosphere, may also be presumed to-affect the sther, and the inconceivable rapidity
of the wmthereal motions, as manifested in the velocity of the waves of light and
heat, will account for the extreme sensifiveness of the magnetic needie,
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Tables V and VI exhibit an approximation to the proportion,
C:T::T:M, but the approximation does not come within the
limits of probable error. As mno attention is paid in these two
Tables to the positive and negative signs, we could not reason-
ably expect so satisfactory results as in Tables II and III.

“Table VIII. Sums, without regard of sign, of Coefficients
of Magnetic Irregularity (in terms of Horizontal Force) for each
Year, from 1841 to 1857, including all Days of Record of Great
£].1[agﬁetical Disturbance.” The proportion C: T:: T : M, gives
or M a

Theoretical value, . . . . . *001218
Observed s . . . . 001203
Probable error, . . . . *000066

“Table IX. Sums, without regard of sign, of Coefficients of
Magnetic Irregularity (in terms of Horizontal Force) for each
Year, from 1841 to 1857, including only those Days of Great
Magnetic Disturbance, in which records were made by the three
Instruments.”

Theoretical value of M, 001137

Observed «  « . . . . 001150
Probable error, . . . 000081

In addition to these numerical coincidences, the following
poim;’s in Mr. Airy’s paper appear to me to be specially note-
worthy.

1. ‘?The Aggregate for the Westerly Force . . ... (taken in
comparison with that for the Northerly Force), appears to show
that, on the whole, the direction for the Disturbing Force is 10°
to the east of south;” p. 628. This indicates a line of mean
disturbance about midway between the magnetic meridian'(which
at London, is about N. 24° W.), and the solar meridian, or mid-
way between the meridians of decussation in the two sets of
principal spirals, to which I have referred.

2. *Sometimes two waves in one direction correspond nearly
with one in the other direction. . . . . A more frequent relation
appears to be, that the evanescence of one wave corresponds
with the maximum of the other;” p. 635.

3. “The most striking particulars in the last line (of Tables
VIII and IX) are the following:

“ First, the almost exact equality of the Mean Coefficients of
Irregularity in the three elements. ., . . . With reference
to their physical import, I think it likely that the equality of Co-
efficients of Irregularity may hereafter prove to be one of the
most important of the facts of observation.”

“Second, the near agreement in the number of Irregularities
for Westerly and for Northerly Force.

 This approach to equality appears to be still more important, in view of the
proportionality—C : T:: T: M—r. E. 0,
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“ Third, the near agreement in the number of Irregularities
for Nadir Force with half the number of Irregularities for West-
erly or for Northerly Force ;” pp. 641-2.

4. Tables X and XI (pp. 648—4) show that the disturbances are
greatest in the winter months and in the night hours,. Table X
also appears to indicate minima of fluctuations and inequalities
in months when there is the greatest uniformity of temperature,
and maxima when the changes of temperature are greatest and
most {requent.

5. Tables XTI and XII furnish the materials for the following
synopsis:

Suma.of Wave | Avernza
r | Bums of | Moan . M Ir-
Forces, d:lurbance. <hr:§::“ i~llVVu:vn din- g;&;:::l::’ re;till?uit} E‘\:estmis‘cg
2 ., (Time of max,[ 204 [ 104 | 10k | 20h 13 4, 15 h. 9 k.
3 e | lime of min,| 10k | 2LA | 284 10k, 2h 1h. | 28K
PR Amt. of max.,| ‘1170 | -2191 | 1976 |+00142| 00104 | 00162 | 126

L Amt. of min., | ‘0165 | 0> 8| ‘0846 |--00165| -00056 | ‘00074 51

2 (Timeofmax., 6k |12h  8h | B4 | 204 | 154 | 8k
¥ 4 Time of min,,| 224 | 1A | 234 | 22Ah | 1-2K, 28 &, |28-1A.
: £ 1 Amt. of max.,| *1407 | 2917 | <1754 [+ 00038 | -00168 | 00144 | 136

3 | Amt. of min,, | ‘0038 | 0674 | ‘0441 |-00319| ‘00093 | ‘00077 67

. {Time of mav,,| 7h | 144 | 104 0h, 8h 0k | 10k
8 JTimeof min, | 224 | 1h | 28k | 17h | 22k 23 k. 1k
:’ é Amt. of max. | 8976 | 3138 <1241 +0N570| *00363 | ‘00180 86

Amt. of min.. | ‘0355 | 0306 | 0177 |~00380| 00157 | ‘00074 19

r

“The Soli-tidal character of the principal characteristics of
the occasional Magnetic Storms, as to frequency, magnitude, in-
equalities of wave disturbance, and Irregularities, is seen clearly
in this Table.”” (Table XII) p. 645. There are subordinate
maxima and minima, the consideration of which will become in-
teresting, when the laws of the principals have been well ascer-
tained and defined.

6. “In regard to the Wave-disturbance: for Westerly Force,
the aggregate is + from 171 to 6, — from 7h to 16h; for North-
erly Force, the aggregate is + from 3h to 5 — from 6h to 2b;
and for Nadir Force, the aggregate is + from 23h to 10h, —{rom
11h to 220" p, 644.

7. Mr. Airy presents some conclusive considerations, “show-
ing that the observed disturbances cannot be produced by the
forces of any suddenly created galvanic carrent or polar mag-
net,” and remarks as follows, respecting his theory:  *“Its fun-
damental idea is, that there may be in proximity to the earth
something which (to avoid unnecessary words) I shall call a
Magnetic Ether; that under circumstances generally, but not.
always, having reference to the solar hour, and therefore, prob-
ably, depending on the sun’s radiation or on its suppression, a
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eurrent from N.N.W. to S.8.E,, approximately, or from SS.E.
to N.N.W. (according to the boreal or austral nature of the
ether), is formed in this Etler; that this current is liable to in-
terraptions or perversions of the same kind as those which we
are able to observe in currents of air and water; and that their
effect is generally similar, producing eddies and whirls, of vio-
lence sowmetimes far exceeding that of the general current from
which they are derived;” p. 646.

8. “And in the relation between E. and W. disturbanees and
vertical disturbances, there is a point which well deserves atten-
tion. When a water-funnel passed nearly over the observer,
travelling (suppose) in a N. direction, he would first experience
a strong current to the E., afterward a strong current to the W,
(or wice versa), and between these there would be a very strong
vertical pressure in one direction, not accompanied by one in
the opposite direction ; thus he would have half as many verti-
cal as horizontal impulses. This state ol things corresponds to
the proportion which we have found throughout for the mag-
netic disturbances, and to the relation found in Article 18. I
may also add that the rule at which we have arrived, that the
waves of vertical force are few, but that their power, when they
do oceur, is very great, seems to correspond with what is reported
of the whirlwinds of great atmospheric storms; which, violent
and even frequent as they may be, occur very rarely at any as-
signed place;” p. 647.

I add a few considerations from Maj. Gen. Sabine’s discussions,
(Phil, Trans., cliii, Art. XIL)

9. “The westerly deflections at Kew . . . have a decided

double maximum, with an intervening interval of about eight
or nine hours.
« + * The conical form and single maximum which character-
izes 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 . . . at Nert-
schinsk and Pekin . ... the conical form and single maximum
characterize the westerly deflections, whilst the easterly have the
double maximum. . . . Atthe two Asiatic stations, the ag-
gregate values of the westerly deflections decidedly predominate,
whilst in America the easterly deflections are no less decidedly
predominant; and at Kew, . . . the amount of deflection in
the two directions may be said to be balanced ;” p. 282.

10. The differences of the weekly from the annual means of
declination, indicate * with a very high degree of probability,
an annual variation, whereby the north end of the magnet points
more toward the east when the sun is north, and toward the
west when the sun is south, of the equator;” p. 291.
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11. The residual errors in the monthly determinations of the
Horizontal Force and of the Dip ‘“are thoroughly confirmatory
of a semi-annual inequality, having its epochs coincident, or
nearly so, with the sun’s passage of the equator;” p. 808.

12. There appears to be “an increase of the Dip and of the
Total Force, and a deflection of the north end of the Declination
magnet toward the West, in both hemispheres, in the months of
October to March, as compared with those from April to Sep-
tember. . . . The greater proximity of the earth to the sun
in the December compared with the June Solstice most naturally
i)resents itself as a not improbable cause; but we are as yet too

ittle acquainted with the mode of the sun's action on the mag-
netism of the earth, to enter more deeply into the question at
present;” p. 307.

I have neither the leisure nor the ability to undertake an ex-
haustive analysis of the results thus brought together; but I
present them as well worthy of a profound mathematical investi-
gation, as confirmatory in very striking and minute particulars
of my mechanical hypotheses, and as furnishing new and strong
presumptive evidence of that marvellous simplicity of force to
which many independent branches of modern physical research
so strongly point. This evidence is strengthened by the exist-
ence, as I have shown elsewhere, of the tidal law of sines in
the solar-diurnal variation of the magnetic needle, by the mag-
netic effect of the daily barometric rotation tide, as exhibited
in the convergence of lines of equal barometric disturbance
toward the hours of high barometer and their divergence from
the hours of low barometer, by many points of resemblance be-
tween the daily and yearly variation curves, both of tempera-
ture and of magnetism, an({ by certain considerations confirma-
tory of the reasonable presumption that there may be lunar
monthly magnetic tides, somewhat analogous to those which I
have pointed out in the barometer. (Proceedings of the Roy. Soc.,
June 16, and of the Am. Phil. Sve.,, June 17, 1864.)

Besides the differential or tidal action of the moon, there is a
slight tendency to diminish the weight of the air that is nearest
the moon, and to increase the weight of that which is most re-
mote. In proportion as this tendency is exerted in conjunction
with, or in opposition to, that of the sun, the mean solar-diurnal
magnetic currents should be increased or diminished. Slight as
the disturbing influence is, and modified as it must be by vari-
ous causes, both occasional and periodic (e. g. the earth’s rotation,
the cyelical revolution and consequent varying latitude of the
moon at the commencement of each new month, the oscillations
in the aerial rotation-spheroid produced by lunar attraction, the
changes in the average temperature of day and night at differ-
ent seasons and different years, &c.), it may yet, perhaps, be dis-
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cernible in comparing the results of a long series of careful and
delicate observations. The accompanying tables are deduced
from such a comparison of the St. Helena records.

TasLe 1.

Solar and Lunar Daily Magnetic Tides, in parts of Forcet

Solar Horizontal force. Verticul torce. Totul force.
L’::i‘ Solar. Lunar. Solar, Lunur.___ Solar. Lunar._
Houre. 00 ‘000 000 ‘000 000 ‘000
0 +1099 +006 -022 | -00b +95 4005
1 +0911 -003 +229 4027 +82 -001
2 +0623 -011 +446 +081 +60 -005
3 +0368 -014 +593 +044 +40 -006
4 +0133 =020 +638 +072 +20 -007
5 -0080 =014 +608 +041 +01 -006
6 -0270 -007 +611 +050 -15 +001
7 -0394 -004 +5456 +028 -26 +001
8 -0465 000 +300 -012 -36 -002
9 -0511 +022 +219 =011 -41 +018
10 -0530 4032 +074 -017 -45 4026
11 -0522 +031 =011 =037 ~-45 +022
12 -0481 4019 =100 =003 -48 4016
13 -0449 +017 -165 +005 -41 +016
14 -0406 4018 -224 +019 -38 4014
15 -0376 -009 -289 +048 -36 -001
16 -0852 =011 -345 +051 -85 -002
17 -0329 -008 -398 +029 ~-34 -003
18 -0298 -009 -465 +018 -32 -006
19 -0154 =004 -518 -011 -20 -0056
20 +0130 4003 -582 -053 +038 —-005
21 +0470 4006 -491 -050 +84 -002
22 +0803 4013 —4217 -064 +63 +004
23 +1019 +009 -214 -087 +86 -001
Taste IL
Lunar-Montlly Magnetic Tide of Horizontal Force.
i tuationa of Hori- M i ] }
Moon’s Me:rt;nl::l l oﬂgeaf St Ho fenn.s || Moon’s e::nlt,:l" nl:c::ca‘: (e ?l-e‘l':ngon.
o |18 | 1845 | w6 | IS |1 | s, | 18 | 1es. Average.
0 |61-31 5875|4088 | 5198 180 | 58815391 4086 | 5119
15 (6166 | 5329 |41-24 | 52'06 195 | 5939|5304 (4027 | 6110
30 |6220 5285|4173 | 5226 210 | 5936 | 53:6'7 | 40"710 | 51°20
45 | 6282 ) 5341 [41-81 ! 5268 295 |58:88| 5201 | 4074 | 50-85
60 | 6258 | 52:40 | 4066 [ 5187 240 | 5968 5280 | 89719 | 5076
75 |6276 | 5286 | 4134 | 5215 256 | 6035 52:92 | 4070 | 5182
90 |[6182] 5280 (4164 | 52°05 270 | 6050 | 53'48 | 4065 | 5151
105 |[61-87] 5311|4042 | 5163 285 | 6089 | 5381 [ 41-10 | 51-94
120 | 6047 | 5348 | 3997 | 51-29 300 (6164|5282 | 4141 | 5196
136 5942 5360|4046 | 651-16 315 | 61-80| 53'10 | 41-84 | 52'08
150 | 60-23 | 6301 [ 40'14 | 5113 380 | 6214|5345 4289 52:66
1656 {6054 | 5346 | 8972 | 5124 845 16216 | 5297 | 4186 | 52-32

4 The first decimal figures are placed, for convenience, in an upper line.
® The value of one scale division is ‘00019 of the bhorizontal force, in 1844 and
1845, and -00021 in 1846.
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Table I is compiled from Maj. Gen. Sabine’s Tables 86, 87,
50, 51, 52, 63 (SI. Helenaw Observations, ii). It is especially in-
teresting as showing the influence of the opposition of attrac-
tion to rotation in producing low solar tides at 10 or 11 p. M.,
the prompt and direct influence of the sun upon the sthereal
currents 1n the production of a high tide at noon, the double
maxima and minima in each of the lunar tides, the additional
confirmation of the analogies that I have heretofore pointed out
between the spheroids of attraction and rotation, the opposition
of the solar and the resemblance of the lunar zenith and nadir
effects, and the evidence in the partial *establishment” of the
moon’s tides that most of her magnetic influence is exerted indi-
rectly on the sther, through the intervention of atmospheric at-
traction-currents.

Tables II and IIT were formed by taking the mean of the
hourly averages, on the twenty-four days in each lunar month
which are most nearly indicated by the angular positions given
in the first column. Each of the tabular numbers for 1844 and
1845 represents the average of two hundred and eighty-eight
hourly observations; each of the numbers for 1846, the aver-
age of two hundred and sixty-four observations, with the few
exceptions of holidays and other omitted days, for which the
missing numbers were interpolated. Table II indicates a tend-
ency to mean lanar influence between 90° and 105° and be-
tween 270° and 285° the inflnence increasing when the moon
acts either in conjunction with the sun, or directly upon con-

Tasur IIL
Lunar-Monthly Magnelic Tide of Vertical Force.

Moon’s Mean Daily Fluctuations of Vertical Mean Daily Fluctuations of Vestical

Position. Force at 8t. Helonu.s lx;‘:?‘:;_ Torce at 5t Helena.
o | 184 | 1845 | 18g5 | Sori-E o | 1844 | 1845 | 1845, | J3HE

Averngi Average.
0 | 4842|4851 4366 4683 180 | 47-06 | 4777 | 46:54 | 47'12
15 | 4821|4855 |4890 | 4689 195 | 4796 | 4802|4620 | 4742
80 | 4783 (4853 4455 | 4680 210 [4814 | 4826|4588 | 47-43
46 | 4733|4825 | 4896 | 46°51 225 |47-49 | 4826 4639 | 47-88
60 | 4745|4847 | 4369 | 4654 240 | 48+41) | 4860 | 4532 | 4744
15 | 4762 | 4788 | 4422 | 4657 256 | 4816|4852 4464 | 4711
90 | 4765|4743 | 4477 | 4662 270 | 4800 | 4808 | 4454 | 46°87
1056 |4762 4692 | 4581 | 46'62 2853 | 4793 | 4770 | 4461 | 4675
120 |4753 [ 4742|4565 | 46-87 300 | 4806 | 4826 | 4491 | 47-08
135 | 4776 | 4740 | 4730 | 4749 815 | 4817|4856 4496 | 4728
150 | 4765 | 4750 | 4723 | 4743 830 | 4849 | 4791|4378 | 4673
163 1475214770 | 4702 | 4741 345 | 4818 | 4744 | 4399 | 4654

densed air and vice versd. It also shows the existence of disturb-
ances, which may be accounted for by some of the causes to
which I have aiready referred. Table III exhibits apparent
tendencies to diminution of force near the syzygies, and to in-
crease of force a day or two after the quadratures.

¢ The value of one scale division varies from “00051 to ‘00091 of the vertical force,
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Table IV is a compendium of the tidal differences in the
two preceding tables. It shows the effect of temperatare in
producing maxima and minima when the coolest and warm-
est portions of the earth are submitted to the direct action
of the moon (at or near 240° and 45°), low temperature
producing a minimum of horizontal force, with a maximum
of vertical force, and wice versd. From the variations of hori-

zontal force (%%{) and vertical force (AY—Y) given in this table,

. o A .
table V is formed, the mean variations of total force (—g) being

Taste IV,

Lunar-Monthly Magnetic Tide. Differences from Monthly Means.
Maon’s Horizontal Force. Vertical Force. Meuns.
e 1844, 1845. | 1846, 1844, | 1845, 1846. B.F. | V.F.

0 |+ 88| 4564 | --02 +569 | + 51 | -156 +30 | —16
15 |+ 78| +08 | + -84 +388 |+ 65 | 122 +38 | —10
30 | +127 —86 | + 83 =60 | + 63 | - BT +58 | —19
45 | +1-89 [ +40 | + 91 -850 | +°25 | -1'16 +90 | —48
60 | +168 | —81 [ - -24 —88 | + 47 | -143 +19 | —45
"6 | +183 | =86 |+ 44 -21 [ -"12| - -90 +47 | —42
90 | + 89 [ -4l |+ 64 ~18 | - 57 | - 35 +87 | —87

106 |+ 44| -10 | - 48 -21 | -1:08 | + -19 -05 | —387
120 | - 46 | +22 [ - -93 —80 | - 58 [ + B3 -39 | —12
185 [ -161 | +89 | - 44 =07 | - +60 | +2:18 -62 | +50
150 [ - 50| -20 | - ‘76 —28 [ - 50 | +2:11 -56 | +44
1656 | -89 | +256 | -118 —81 | - '80 | +1-90 —-44 | +42
180 | =212 470 | - +04 =7 | = -23 | +142 —49 | +18
1956 [ -164 | +43 | - '63 +18 | 4 02 | +1'17 —b68 | +48
210 | -1'68 | +386 | - 20 | +3l |4+ 26 | + 76 —48 | 444
225 | -205( —380 [~ ‘16 -84 | 4+ 26 | +1-27 -88 | +39
240 | =127 | =4l | -111 +87 | + 60 | + 20 -98 | +4b
266 |- 68 =29 | - -20 +88 | + 62| - 48 —86 | +12
270 |~ 48| +22 | -2 +17 | + 08 | - *58 =17 | -12
285 | - 04| +60 |+ -20 +10 [ - 30 | - 51 +26 | -24
800 |4 71| -89 | 4 51 +23 [+ 26 [ - 21 +28 | +09
816 |+ 87| —11 |+ 44 +84 | + 66 | - °17 +40 | +24
830 | 4121 | +24 | +149 +66 [ - 09 | -13¢ +98 | -26
8456 | +123 | —24 |+ 95 +85 | - ‘66 | -1'13 +64 | —45

obtained by the formula %p=cos’ OAYX+sin’ GATY. I have
talen 6=—22°; one scale division of horizontal force =-000194;
one division of vertical force =000792; which are almost iden-
tical with the values employed by Gen. Sabine in the computa-
tion of his tables of hourly variation in solar and lunar total
force.

In a similar manner I have computed Table VI, showing the
average hourly variations, both in solar and lunar total force, in
each of the three years which have furnished the data for most
of my deductions. The first decimal figures are placed in an

Am. JOUR. SCL.—SECOND SERIES, VoL. XXXIX, No. 116.—MARCH, 1865.
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upper line, as in Table I. Perhaps the principal utility of this
table may be found in some future extension of these investiga-
tions, but even now it is interesting, inasmuch as it exhibits the
probable influence of periodic causes in shifting the hours of the
daily maxima and minima, and as it lends added weight to the
preceding tables, by showing that the monthly tide is more reg-
ular than the daily tide.

Tasre V.,
ZLunar-Monthly Magnetic Tide of Total Force.

Mean Daily F| ations na
Plgs‘;?i':v’;. l,in {ml;'::l‘?ly Tl:ullll l;x(t"ii; Helena,

o 1844, 1846, 1846. ‘f\ej‘:r;,‘{.,‘;.
0 +00013 +00015 -+00018 +00003
15 400017 400007 ~00008 400005
80 +00016 00000 +-00007 +:00008
45 400018 +:00009 +:00002 +00010
.60 400023 -00008 -00020 -00002
75 +00028 —00015 =00003 +00003
90 +:00013 -00012 +00007 +:00002
105 400005 -00014 -00006 -(0006
120 -+00011 -00003 =00010 -00008
136 -‘00026 ‘00000 +00017 -00003
150 -00015 —00009 +00011 ~00004
165 -00010 +00001 400001 -00003
180 -00044 400009 +00015 —00007
196 -00024 +00007 +00003 -+00005
210 -00023 +:00009 +000056 -00003
226 --00088 -00002 400012 -00099
240 -00015 ‘00000 -00016 -00010
266 -(0006 400001 —00009 -00005
2170 ~+00005 400006 -00011 ~00004
285 +00000 +00007 ~00002 ++00002
800 400014 -00004 ++00006 4+00006
315 +00018 +00004 +00006 +00009
830 ++00027 +-00003 +00010 400013
845 400024 -00010 400003 +00006

It seems not improbable that the mutual planetary perturba-
tions which are sufficiently powerful to affect their orbital revo-
lution, may also exert an appreciable influence on their zthereal
spheroids, and that numerous cyclical magnetic variations may
be thus produced. The disturbance of Jupiter is by far more
important than that of any other planet, its mean attractive en-
ergy being nearly a third proportional to those of the sun and
moon,” The annual fluctuations are very great, the intensity
being about 1z when Jupiter is nearest the earth, and less than
half as great, or only about 3}, when most remote. The com-
bined operation of the tropical revolutions of Jupiter, the moon’s
apsides, and the moon’s nodes, should produce a series of dis-
turbances corresponding very nearly in duration with General

7 If we take as our unit the moon’s attraction for the earth M

b7 the sun's will be
about 177, and Jupiter's 3.
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Sabine’s magnetic * decennial period,” and Schwabe’s period of
solar spots, ‘

The law of varying attraction suggests a plausible explanation
for the approximate mean proportionality of the barometric to
the tidal and magnetic variations, TFor the ratios of attraction
of any planet when in solar conjunction, at quadrature, and in
opposition, vary as (n < 1)?, n2, and (» — 1)2, respectively, thé
attraction at the mean distance being nearly a mean proportional
between the maximum and minimum attractions. The barome-
trical fluctuations are occasioned by variations in the gravitation

Tase VL
Solar and Lunar-Daily Tides of Total Force.
Folar 1644, 1845, 1846,
]““'1 Solar, Lunar, Solnl._ Lunar. Sular. Llngr._
Hours, | 000 | 000 | 000 | 000 | _-00__ | ‘000
0 +83 4009 +88 =009 4066 +004
1 +83 +011 +97 -014 +104 +015
2 | +67 | -005 | +85 | -016 | +097 | -004
3 +49 -004 +63 -008 +076 +018
4 +28 -024 +41 =012 +0564 +017
b +15 -082 +20 -001 +081 +024
6 +02 -027 +02 +002 4008 +028
i -11 -016 -11 +010 -014 +022
8 -22 ~000 -24 +003 -026 +022
9 -31 4001 -35 4034 -0386 +022
10 -35 4008 -89 +041 -043 +024
11 -37 +029 -46 +031 -047 +021
12 =387 +017 -48 +021 -053 +008
13 -38 +021 -48 3012 -048 +011
14 -39 +045 -44 4012 -040 -001
15 -82 +021 -42 4006 -038 -029
16 -30 +001 -39 4008 -043 -033
17 -29 -004 -89 +006 -041 =027
18 -22 =012 -87 -008 -042 -020
19 -24 -006 -36 -016 -041 -019
20 -16 -014 -24 -008 -027 -0]1
21 +07 +017 +03 <006 -008 -021
232 +38 +022 +32 -002 +029 -008
23 +64 +016 +63 -008 4063 =010

of the air toward the earth’s center,—the tidal motions, by the
influence of distant heavenly bodies,—and the inagnetic, accord-
ing to my hypothesis, by the oscillations of the air and sether in
their efforts to restore the unsettled equilibrium. The three dis-
turbances, therefore, must evidently have nearly the same mutual
relations as if they were produced by three forces, one centripe.
tal, and the other two_eentrifugal, the two latter being nearly
equal in amount but diametrically opposed in direction. This
leads us at once, theoretically, to the general formula with which
we started empirically,
A:B::B: M,

and strengthens the conviction that there are none of the phe-
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nomena of terrestrial magnetism which cannot be explained,
either by the instantaneously received and instantaneously trans-
mitted impressions which are made directly upon the sther by
attraction, heat, or rotation,—by the more sluggish oscillations
of the air, which originate from the same sources,—or by the
combination of the two.

Every particle is exposed to the influence of these several im-
pressions, the tidal waves of the solid earth having a range,
according to Prof. Thomson’s calculations (P/il. Trans., cliii,
574), at least two-fifths as great as if the globe were entirely
fluid. There is, therefore, good reason to hope, that by the ap.
plication of mechanical laws to the several phases of the zthereal
undulations which produce the phenomena of light, heat, elec-
tricity, polarity, anggregation, and diffusion, we may obtain a
clearer understanding, not only of all the meteorological changes,
but also of seismic tremors, crystallization,® stratification, chem-
ical action, and general morphology.

If density is a functional product of superficial magnetism
and central attraction, the resemblance of the formula B= /A,
to the expression of Mr. Graham’s experimental law of molecu-
tar diffusion, Time=F  Density (Proc. Roy. Soc., No. 56, p. 616-7),
and to the general theoretical formula of which Mr. Graham’s is
a corollary,

oo Elasticity
Velocity = FJ Densilr

may be something more than accidental.

If we assume the atmospheric density as our unit, D’=1, and
represent the aerial and eethereal elasticities by E’, E”, respect-
ively, the proportion

. N L
$:192,000 : JE, JBT'

gives an approximate va;lue for the density of the kinetic sther,
D"=-00000000000108 2.,

tuations may perhaps; furnish the necessary data for determining

The magnetic and barometric fluc-

the unknown ratio T

® The phosphorescence that is often observed during the process of crystalliza-
tion, and the auroral displays in frosty air, are perhaps owing to analogous vibra.
tions. Every chemical, as well as every physical, action produces a ponderable dis-
turbance of equilibrium, which must give rise to mthereal oscillations, to which, in
their simplest form, we give the name of electric, magunetic, or galvanic currents.





