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PLINY EARLE CHASE, M.A., S.P.A.S.' 

IN a no~ ,to a former communication, I expressed my belief 
tllat the BritIsh Astronomer Royal would find 10 the mechanical 
aetion of the sun's rays, the precise "occasional currents" for 
\Vhich he wnsseeking, as the probable cause of mngnetic storms. 
Mr. Airy has recently sent me a copy of his very interesting 
paper (n·«ns. Ray. Soc., 1863, Art. XXIX), and its' perusal has 
greatly strengthened this belief. 

All of 1l1y' me~orologicahiews rest upon the hypolhesi~ t-hat 
the atmospheric ch:mges, whether of humidity, temperature, 
pressure, electricity, or magnetism, are purely mechanical; and 
that, being controlled by the laws of motions, tlleir proper ex­
planation aoes not require the assumption of any peculiar mag­
netic or el~ctric fluid, out that a sin~le homogeneous, elastic, and 
all-pervadmg rether 'may be both t11e source and the ,receptacle 
oJ an the various forms of force. ,In its principal features, this 
theory harmonizes with the now generally accepted belief in the 
J1ie~hanica.1 origin of light and beat, but in its details it involves 
some ue\v and interesting special applications, whicb I have en-
deavored partially to elevelop. . 
. It. will be readily'seen, by a reference to my communication 
of Apri115 (Proc • ..4.. P. ~., ix, 367, et seq.), that the median­
ica.l action of the currents to whose electric nction Ampere 
ascribed the ori~in of terrestrial Magnetism, produces two oppo­
site spirals in the air and rether,-the lower moving from the 
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poles to the equator, and against the earth's rotation j the upper 
from the eq ustor to the poles, and in the same direction as the 
earth's rotation j the' two being connected by innumerable cur­
rents of convection, or threaas of ascending and descending 
particles. It will also be evident that at every place there are 
two principal sets of such d~l1ble spirals, one with an axis per­
pendIcular to the earth's radius vector, producing a maximum 
aisturbanco in the early afternoon, nnd 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 tbese two 
principal polarizing currents, the rolling of the luni·tidal attrac­
tion·wave produces at every instant a gl'eater 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; 
PMl. 1rans., 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 cnUed, respectively, central and tangential. 

The communication which was presented at the meeting of 
Oct. 7, in its exhibition of ·the first numerical relationship thnt 
bas even been pointed out between the barometric and magnetic 
tiuetl1ations, showed that A: B: : B : M, flo proportion in which 
A represents a central, B a tangential, and M a magnetic force. 

1 find a similar proportionality in each of Mr. Airy's sum­
mary tables (Op. cit., p. 627, 8eq). Thus, in his "'l'able 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 

Weslerly force. Northerly force. Nallir force. 
- '00023 M. - ·00146 ... T. - '00057=0. 

Here the proportion T : C : : C : M gives for M a 
TheoretienJ. value, - '000222 
Observed". - '000228 

Probable en'Or, • 'OIJOOSO 

"·Table III. Algebraic Sums of Magnetic Fluctua~ions <in 
terms of Horizontal Force) for each Year, from 1841 to 1857, 
in91udillg only those Days of Great Magnetic Distul·ba.noo, ill 
which Records were made by the three Instruments." 

Theoretical value of lf, • • -'00028'1 
Observed" " -'000251 

Probable error, • '000068 

• Besides thagreat disturbing ageneias. whose. elfects may perbaps be determin­
able by matbemnttMl prodiction. every tranSient 1001\1 accumulation of heat or cold 
'Will axert nn influence. Eterythlng t1l1lt enn prodliee currents or eddies in tbe at­
mospbere, mllY also be presumed to,nffect the mther. and the inconceivablo rapidity 
of the mtbereal motiqos, as !Dauifestad in the velocity of the waves of light ana 
heat, will account for the extreme BenBi~ivenesa of the magnetic needle. 
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Tables V and VI exhibit an approximation to the proportion, 
Q : 'I' : : T : M, but the approximation does not come within th6 
limits of probable error. As no attention is paid in these two 
T:~,bles to the positive and negative signs, we could not reason· 
ably expect so satisfactory results as in rrables 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 Dnys of Record of Great 
Magnetical Disturbance." The proportion C : T : : T : M, gives 
for M a. 

Theoretical value, • • '001218 
Observed". '001203 

Probable error, • . '000066 

"Table lX. 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 or M, • '00118'1 
Observed II II • '001150 

Probable error, '000081 

In addition to these numerical coincidences, tIle following 
points 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 dil'ection for the Distllrbing FoJ'ce 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 solnr 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 nell.1']y 
with one in the other directi9n .•... A more frequent relation 
appears to be, that the evanescence of one wave corresponds 
with the maximum of the other i" p. 635. 

3. "The most striking particulars in the last line (of Tables 
VIII nnd 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 equali ty of Co­
efficients of Irregularity may hereafter prove to be one of the 
most important of the fncts of observation.' 

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

I This approach to equalitv appears to be stlll more important, in view of the 
proporUouality-O : T : : T : )£-1'. B. 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 Northerl.Y Force j" pp.641-2. 

4. Tllbles X and XI (pp. 643--4) show that the disturbances nre 
greatest in the winter months and in the night hours.. Table X 
also appears to indicate minima of fiuctQations and inequalities 
in months when there is the greatest uniformity of temp(;>ratur<"., 
and mnxima w hen the changes of temperature are greatest and 
most frequent. 

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

Sum •. of Wan i Sums of I MORn lVl"n~. MeRn lr 
Forces. di.lurbance. 'l".~uh\li.·W"v. di. ~ "p"rture rQgula'il~ Frequenty 

-+--~ ties. lurbnnce.~ rUID;ea. =F' orSto,·ms. 

::--{-';;;1":-iU-U~-'-::-lf-m-nx-.,'1-:-270'-h.' 1 0 h. J"i'i"k.'" 2U It. ~]"6T.--g-x:-
l; ~ l'inw (If mill., 10 It. 21 h. 23 h. 10 h. 2 II. 1/,. 23/,. 
:j S Aml ... f max., '1170 '21111 '1976 .,..'00142 '00104 'OOiS2 126 
":... Alllt. lIf min., '0165 '0),8 '08t6 -'00165 '00066 '00074 61 

~ rTime of max., 5 It. 12" .. 8h. Iih. 20h. loh. 8/1-. 
~ ~ ~ Time of min., 22 I,. In. 23 Ii. 2211. 1-2 h. 211/" :!8-1 ". 
: : I Amt. of mnx., '1407 -2'J17 '17601, +00Q811 '0(1168 'O(lIH 1:i6 
~.... L Amt. of min., '0038 '0674 '0441 -'00819 '00093 '00077 51 

r~ol_'.' ,. 14h. 10k. o It. 8/t. Oh. 10h. s.. ~. • ., Ih. 28h. 17 It. 22h. 28h. Ih. -" Tune of 111111., 2~ h. 
! .a Amt, of max. '8976 !!US ·12.u +'00570 'OO8S!! -0018u 86 
• Amt. oi min.. '0856 '0306 '0177 -'00880 '00157 '00074 19 

"The Soli·tidal character of the principal characteristics of 
the occasional Magnetic Storms, I\S to frequency, magnitude, in­
equalities of wave disturbance, and Irregularities, is seen clearly 
in this Table." (Table XII) p. 645. '1.'here are subordinate 
m~xima and minima, the consideration of which will becomc 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 17h to 6h, - from 7b to 16h .j for N or1h­
erly Force, the aggregate is + from 3h to 5b, - f"om 6h to 2h; 

and fol' Nadir Force, the aggregate is + from 23h to 10\ -from 
llh to 22h j" p. 644. 

7. Mr. Airy presents some conclusive considerations, "show­
ina that the observed disturbances cannot be produced by the 
fo~ces of any suddenly created gn.lvani~ current or polar mag· 
net," and remarks ns 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 
Maunetic Ether j that under circumstances generally, but not 
ahv~ys, 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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cutrent from N.N.W. to S.S.E., 8pproximfltely, or from S.S.E. 
ta N.N.W. (according to the boreal or austral nature of'the 
ether), is formed ill this Ether i that this current is Jiable to in· 
tertllptions or perversions of the same kind as those which we 
ate nhle to observe in currents of nil' nnd water; antI thtlt their 
e1fect is generally similar, producing eddies and whirls, of vio­
lence sotnetimes far exceeding that. of the general current from 
which lhey nre derived i" p.646. 

8. "Al1d in the relation between E. and W. disturbances and 
vertical distul'banecs, there is a point which well deserves atten­
tion. 'When n water·funnel passed \1(·arly over the observer, 
tfllvclling (suppose) in aN. direction,.he wOlJld first experience 
n st.rong current to the E., afterward a strong current to tbe W. 
(01' v;t:e ue"8a), and between these lhere WOtllG be a "'cry strong 
verticul pressUJ'e in one dil'l'ctiol1, not. accompanied by one in 
t11e opposite direction i thus he would have hull' as many ,-erti· 
cnl as hOl'izontal impulses. This state of things corresponds to 
the proportion which we have fOllnd tllroUghotlt. for the mag­
netic dil;turbnnces, and to the relation foulld in Article 18. I 
may also add that the rule at which we laave arrived, that the 
waves of vertical force nre ftlw, but that their power, when theI 
do occur, i~ vel'Y great, seems to corresponu with what is reporteCl 
of the whirlwinds of great atmospheric storms i which, violent 
and even rre~l1ent as tlley mny be, occur very rarely at nnyas­
signed place; p.647. 

I add u. few considerations from Maj. Gen. Sabine's discussions. 
(PMI. 21'tln8., cIiii, Art. XII.) 

9. II The. westerly deflections at Kew. • • 11a\"e a decided 
double maximum, with an intervening interval of about eight 
or nine hours. 
• • • The conical form and single maximum which clUlracter­
izes the easlerly deflections at Kew, belong also to the castel'1,r 
d~fiections in all localities in North Americn, where the laws of 
the disturbances ha'le been investigated. But. • . at Nert. 
Bchinsk and Pekin. ',' the conical form and single maximum 
charncterize the t1Jesle1'ly deflections, whilst the easterly have the 
double maximum. . . • At the two Asitltic stations, the fig­
gregate values of the weste"ly deflections decidedly predominate, 
whilst in America the easteJ'ly deflections arc no less decidedly 
predominant; and at Kew,. . . the amount of deflection in 
the two directions may be said to be balanced i" p. 282. 

10. The differences of the weekly from the annual means of' 
declinat.ion, indicate II with a very l1igh degree of probahility, 
an annual t'ariation, 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 equatorj" p.291. 
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11. The residual errors in the monthly determinntions of the 
Horizontal Force and of the Dip II are thorougllJy confirmatory 
of a semi-nnnual inequaltty, having its epochs coincident, or 
noarly so, with the sun's passage of the equator i" p. 808. 

12. 'rhere appears to be "an iDcrense of the Dip and of the 
Total Force, and a deflection of the north end of the Declination 
magnet toward the West, in both hemisplleres, in the months of 
October to March, as compared ~ith 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 
presents itself as a not improbable cause; but we are as yet too 
little acquainted with the mode of the sun's nction on the mag­
netism of the enrth, to enter more deeply into the question at 
present j" p. 807. 

I haye neither the leisure nor tIle ability to undertake an ex. 
haustive analysis of the results thus brought together; but I 
present them as well wort.hy of l\ profound mathematicnl investi­
gation, as confirmatory itl 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 nave· shown elsewhere, of the tidal law of sines in 
the solar-diurnal varintion 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 bnrometer and their divergence from 
the hOllrs of low bal'orpeter, by many points of resemblance be­
tween the daily and yearly variation curves, both of tempera­
ture and of magnetism, and by cert.'lin considerations confirma­
tory of the reasonable presumption t.hat there may be lunar 
monthly magnetic tides, somewliat analogous to those which I 
have pointed out in the ba.rometer. (Proceedings o/tlle Roy. &c., 
June 16, and of the Am. PMl. Soc., 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 w hieh 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·di uMlal 
magnetic currents should be increased or diminished. Slight ns 
the distllrbing influence is, and modified as it must be by vari­
oas callSes, both occasional and periodic (eo g. the earth's rotation, 
the cyclical revolution and consequent varying latitude of the 
moon at the commencement of each new montli, the oscillations 
in the aerial rotation-spheroid produced by lunar attraction, tbe 
changes in the average temperature of day and night at differ­
ent seasons and different years, &0.), it may yet, perhaps, be dis-
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cernible in eompnring the results of a long series of carefttl and 
delicate observations. The accompanying tables are deduced 
from such a comparison of the St. Helena records. 

TABLE I. 

Solar and Lunar Daily Jfagnetic Tide., in part, 01 Farcl'! 

!!olar Horizontnl force. Vertical lince. Tutal force. 
nnd ~.---Lu.w:-- ---~-.-- Solar. --Lu..;r.-S,.lar. Lunnr. 

Looar ----- --:000-- ----- ----
fiou ... '00 '000 '000 '000 '000 
-0-~9- +006- -------- i=9i;- -----022 . -(JOil +005 

1 +0911 -003 +229 +027 +82 -001 
2 +0623 -OIl H46 +081 +60 -005 
3 +0368 -014 +693 +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· +545 +028 -26 +001 
8 -0465 000 +~OO -012 -36 -002 
9 -Olil1 +022 +219 -011 -41 +018 

10 -0530 +032 +074 -017 -45 +025 
1l -0522 +031 -Oll -037 -45 +022 
12 -0481 +019 -100 -003 -43 +016 
13 -0449 +017 -165 +005 -41 +015 
14 -0405 +013 -224 +019 -88 +014 
15 -0376 _009 -289 +048 -36 -001 
16 -0362 -011 -346 +051 -31) -002 
17 -0329 -008 -398 +029 -34 -008 
18 -0298 -009 -465 +018 -82 -006 
19 -0154 -004 -518 -Oil -20 -005 
20 +0180 +003 -582 -053 +08 -00& 
21 +0470 +006 -491 -050 +84 -002 
22 .j.0808 +018 -427 -054 +68 +004 
~3 +1019 +009 -214 -067 +85 -001 

TABLE II. 

LUIUJr·Montltly Magnetic T'ule 01 Harizontal Force. 

Moon'. Menn Dnilr "IUClo.tion. "f /Jori- Moon's Mean J)ai~ Fluctuatiun. of Bon. 
Position, zonlal 'orco nt st. Holon ... Po.itiOD. zonl.1 Clreo at St, Jlelena -- )844~ 184-1, 1845, 1846. 1844, 184;', 1846, 1844-6, 

0 ~~ 0 _Average, --- tll'SI 40'88 186- 68-81 40'8& 0 511'75 51'98 5891 51'19 
16 61'66 58'21l 41'24 52'06 195 69'89 63'114 4027 51'10 
30 62-20 62'86 41·73 62·26 210 59·S6 6S'57 40'70 51·20 
45 62'!l2 5S·/ll 41·81 52·68 225 68·88 52tH 40'74 60'85 
60 6256 611"40 40·U6 51·87 240 69'66 62'SO 89''79 60'76 
75 62·76 52·86 41·34 62'15 255 6u !l5 62·92 40'70 liI·a2 
90 61·82 52·80 41'64 52·06 270 60'50 63-48 40'66 61·51 

105 61·37 53'11 40'42 51'63 285 60R9 6S·81 41·10 51'94 
120 60·47 58'48 89·97 61'29 800 61'64 5282 41-41 51'96 
186 59·42 63'60 4046 61'16 315 61'80 68'10 41'84 62'08 
150 6()O23 63'01 40'14 01'13 880 62'14 58'46 42·89 62·66 
166 60'54 53-46 89·72 61'24 846 62'16 5297 41'85 52-82 

• The first decimal figures are placed. for convenience, in nn upper line. 
I The value of one 8cale division is '00019 of the horizontal force, in 1844 and 

1846, anll '00021 in 1846. 
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Table I is compiled from Maj, Gen. Sabine's Tables 86, 87, 
60,51,52, 58 (St. Helena Observations, ii). It is especially in­
teresting as sho.wing the infiuence o.f the oppositio.n o.f attrac­
tion to rotatio.n. in pro.ducing Io.\v so.lar tides at 10 o.r 11 P. M., 
the prom{>t and direct infiuence o.f the sun uPo.n the rethercal 
currents In the prQductiQn Qf" high tide at nQQn, the dQuble 
maxima and minima in each Qf the lunar tides, the additiQnal 
cQnfirmatiQn Qf the analo.gies that I have heretQfo.re PQinted Qut 
between the spheroids of attractio.n and rotatiQn, the QPPQsitiQn 
o.f the sQlar and the resemblance o.f the lunar zenith and nadir 
effects, and the evidence in the partial II establishment" Qf the 
mQon's tides that mQst Qf her mugnelic influence is exelted indi­
rectly Gn the rether, thrQugh the interventiQn Qf atmQspheric at­
tractiQn-currents. 

Tnbles II and nr were formed by taking the mean Qf the 
ho.urly avernges, Qn the twenty-fQur da,s in each lunar mQnth 
wllicn are most nearly indicated by tbe angular positiQns given 
in the first cQlumn. Each Qf the tabular numbers fQr 1844 and 
1845 represents the average Qf two. hundred and eighty-eight 
hQurly QbservatiQns; each Qf the numbers fQr 1846, the aver­
age of two. hundred and sixty.four Qbservations, with the few 
exceptions Qf hQlidays and other Qmitted dayll, for which the 
missmg numbers were interpQlated, Table II indicntes a tend­
ency to. menn lunar influence between 90° and 105°, and be­
tween 270° and 285°, the influence increasing when the mQon 
acts either in conjunctiQn with the sun, Qr directly upon con-

TABLR III, 
Luna.r-Montlll!! Magnetic 1'ide of Vertical FOf'c.e_ 

!lfoo'a Maan Dally Fluctuatlnna or Venical' Moon'. ~18IID Dally Fluotuath ... o( Vel tical 
Pos ti':,o, Porce 11& St. Helenn,8 i>oaition. ror.e 0& "t: HelenA. 

I 11M4.-6 1844, 11M&. 11M6_ 00-6. 
° 11M4., 1845, 1846. i Ave...,.., ° Average, 

--0 48-42 48'1;\ 4ii=66''"46'83 180 47-06 47-77 46'54 ''4'1'12 
Hi 48'lll 4855 4811(1 46-89 195 4'196 48'02 411'211 4'1'42 
80 47'88 4868 44'65 46'80 210 41i 14 48'26 45'88 41'48 
45 4'1'38 48'26 48'96 46'51 225 4NIl 48'26 4R-89 47-88 
GO 4745 48'47 43'69 46'54 :l40 48'41! 4S'60 45'82 47'44 
'15 47-112 4"88 4I'!l2 46'67 256 4816 48'62 4 ... R4 47'11 
90 47'66 47-48 4'77 46'R2 2'10 48'uO 48'08 4454 46'8'1 

105 476:! 46'9:! 46'31 46'6:! 285 4illS 47'711 4-1-61 4R-76 
120 4j'58 41'42 4565 46'87 80ll 4806 48'26 44'111 47'08 
136 4i-i6 4NO 47'80 47'49 

.1 

315 48'1'1 48'1;0 4496 47'28 
160 47'55 4750 47'23 47'48 8~0 48'411 4'1'91 43'78 46'73 
165 4'i'52 47-;Q 47'1l2. 47041 345 48-11:1 47044 4399 4tH)4 

densed air and vice versa. It also shQWS the existence of disturb­
ances, which may be accounted filr by some Qf the causes to 
which I have atread,V referred_ Tnhle III eX.hibits apparent 
tendencies to diminution of force near tIle syzygies, and to. in­
crease of force a day Qr two. after the quadratures. 

• The value of ODe seale divisioD varies from -000111 to '01)091 of the vertical force, 
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Table IV is a oompendium of the tidal differences in the 
two preceding tables. It shows the effect of temperatnre in 
producing maxima and minima wIlen the coolest and warm­
est portions of the earth are submitted to the direot aotion 
of the moon (at or near 240° anel 45°), low temperature 
Jl!oducing a minimum of horizontal force, with a maximum 
of vertical force, nnd vice Vf'I'Ba. From the variations of hori-

zontal force (a.;) and vertical force (~yY) given in this table, 

table V is formed, the mean variations of total force e:) being 

TABLE IV, 

Lunar,Monthly Magnetic Tide, D!ference8jrol1l. Montlily Mean" 

:IJ!'~" Horizontal t'orce, Vertical FOI'C., Means, 
O"~'OO' ~~-1846, ~J.~~ u::r---v.F.' 

--0- + '118 +'54-, - '02 ~ ~ ~ +'110 --=1'6 
15 + ''13 +'08 + '84 +'38 + '55 -1'22 +'38 -')0 
30 +)'27 -'36 + '83 -'50 + '53 - '57 +'58 -'19 
45 +1'89 +'40 + '91 -'iiO + '25 -1'16 +'90 -'48 
60 +1'63 -'81 - '24 -'88 + '47 -1'43 +'19 -'45 
'15 +1'83 '-'85 + '44 -'21 - '12 - '\10 +'47 -'42 
90 + '89 -'41 + '64 -'18 - '57 - '115 +'37 -'37 

105 + '44 -'10 - '48 -'21 -1'08 + '19 -'05 -'37 
120 - '46 +'22 - '98 -'80 - '58 + '63 -'39-'12 
135 -1-51 +'89 - '44 -'07 - '60 +2'18 -'52 +'50 
HiO - ';0 - 20 - '76 -'28 - '50 +2'11 -'55 +'44 
165 - '119 +'25 -1'18 -'31 - '3(1 +1'90 -44 +'42 
180 -2'12 +'70 - '04 -'77 :.. '23 +1'42 -'49 +'13 
195 -1'1)4 +'43 - '63 +18 + '02 +1,17 -'58 +'43 
210 -1'58 +'36 - '20 +31 + '26 + ,76 -'48 +'44 
225 -2'05 -'30 - '16 -'Sol, + '26 +1'27 -'88 +'39 
240 -i'27 ""41 -I'll +-/;7 + '60 + '20 -'93 +'45 
255 - '58 ""29 - '20 +33 + '52 - '48 -'86 +'12 
270 - '43 +'22 - '25 +-17 + '08 - '58 -'17 -'12 
g85 - '04 +'60 + '20 +10 - '30 - '51 +'26 -'24 
800 + '71 -'39 + '51 +23 + '26 - '21 +'28 +'09 
815 + '87 -'11 + '44 +'34 + '56 - '17 +'40 +'24 
330 +1'21 +'24 +1'49 +'66 - '09 -1'34 +'98 -'26 
345 +1'23 -'24 + '95 +'35 - '56 -1'13 +'64 -'45 

obtained by the formula A: =COS9 OA; +sin 9 OAi. I have 

taken 0=-22° ; one seale division of horizontal force ='000194; 
one division of vertioal 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. '1'he first decimal figures are placed in an 

AlII. JOUR, SCI,-8ECONJ) SERIBS, VOL. XXXIX, No, 116,-1r!ARCH, 1865. 
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u~per line, as in Table I. Perhaps the principal utility or this 
taole may be found in some future extension of tllese investiga­
tions, but even now it is interesting, inasmuch as it exhibits the 
probable influence of periodic causes in shifting the hours of the 
(Jaily 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. 

TABLB v, 
IA_Montlzly Magnetic fide oj Total Jl'oIW, 

llloon'. MeaD »ally .'Iuctuationa at st. Helena, 
P08itiun. in l,aFto of Total Forco, 

1844- 1846. 1846. 184~-46, 
0 Averlce. 

--0------- --:::ooiiiS +'00003'-+'0001 a +'00016 
16 +'0001'1 +-0000'1 -'00008 +'00006 
80 +-(10016 '00000 +'0000'1 +'00008 
46 +'00018 +'00009 +'00002 +'00010 

,60 +'00028 -'00009 -'00020 -'00002 
'15 +'00028 -'00016 -'00008 +'00008 
90 +'00018 -'00018 +-00007 +'00002 

105 +'00006 -'00014 -'00006 -'(10006 
no -'00011 -'00008 -'00010 -'00008 
186 -'00026 '00000 +'00017 -'00008 
160 -'000115 -'00009 +'00011 -'00004 
166 -'00010 +'00001 +'00001 --00008 
180 --00044 +'00009 +'00015 -'00007 
196 -'00024 +'0000'1 +'00008 -'OIJ006 
210 -'OC028 +'00009 +'00006 -'00003 
226 -'00088 -'00002 +'00012 -'00009 
240 -00016 '00000 -'00016 -'00010 
266 -0(10006 +'00001 -'00009 -'00006 
2'10 -'00006 +'OOO()6 -'00011 -'000001: 
286 -00000 +'0000'1 -'00002 +'00002 
800 +'00014 -'00004 +'00006 +'00006 
8 \Ii +'00018 +'00004 +'00006 +'00009 
830 +'00027 +'00008 +00010 +00018 
U6 +'00024 -'00010 +'00003 +-00006 

It seems nO,t 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 rethereal 
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 proportlOnal to those of the sun and 
moon.' The annual fluctuations are very great., th~ intensity 
being about Th when Jupiter is nearest the earth, and less than 
half as great, or only about uh, when most remote. The com­
bined operation of tbe tropica1revolutions 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 

Y If we take 88 our unit the moon's attraction for the earth :a, the BUD'a will be 
about 1 'l'lt and Jupiter's Th' 
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Sabine's magnetic" decennial period," and Schwabe's period of 
solar spots. 

The Jaw of varying attraction suggests a plausible explanation 
for the approximate menn proportionnlity of the barometric to 
the tidal and magnetic vl.\riations. For the ratios or attraction 
of any planet when ill solar conjunction, at quadrature, and in 
opposition, vary as (n + 1)', nl, and (n-1)I, respectively, the 
attraction at the mean distance being nearly a mean proportional 
between the maximum and minimum attractions. 1'he barome­
tricallluctuations are occasioned by variations in the gravi~tiol1 

TABLE VL 

Solar and LufUlr-Daily fidea of Total.l1brce. 

I'olar ISl4. 11145. 1846. 
and ------- Solar. Lnnar:- St. ... r. Luna;:-Solar. Lunar. 

J.unar - '(JOO ---:000- '000- -:000 ~ --000-Hour •• 
-0-~ +009 ---:;::as ---::oou- +086-~ 

1 +83 +011 +97 -014 +104 +015 
2 +67 -005 +85 -016 +097 -004 
3 +4.9 ":004 +63 -008 +076 +018 
4, +28 -024 +41 -012 +054 +01'1 

I 
5 +I5 -082 +20 -001 +081 +024 
G +02 -027 +02 +002 +0011 +028 
'1 -11 -016 -It +010 -014 +022 
8 -22 -006 -24, +008 -026 +022 
9 -81 +001 -85 +084 -086 +022 

10 -35 +008 -89 +041 -0-18 +024 
11 -87 +029 -46 +081 -047 +0~1 
12 -87 +017 -48 +021 -058 +008 
13 -88 +021 -48 +012 -048 +011 
14- -39 +045 -44 +012 -040 -001 
15 -82 +021 -42 +006 -038 -0211 
16 -80 +001 -89 +006 -048 -038 
l'1 -29 -004 -39 +006 -041 -027 
18 -22 -012 -87 -008 -0'" -020 
19 -24 -006 -36 -016 -041 -019 
20 -16 -014 -24 -008 _027 ...,Oll 
21 +07 +01'7 +03 -006 _008 -021 
22 +38 +022 +82 I -002 +029 -008 
23 +64 +016 +63 -008 +063 -010 

of tbe nir toward the earth's center,-tbe tidal motions, "by the 
influence of distant heavenly bodies,-and the magnetic, accord­
ing to my hypothesis, by the oscillations of the air and retller in 
their efforts to restore the unsettled equilibrium. '.Phe three dis­
turbances, therefore, must evidently have nearly the same mutual 
relations as if they were produced by toree forces, one centripe­
tal, and tbe other two een"trifugnl, the two latter being nearly 
equal in amount but diametrically opposed in directioll. 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 or the phe-
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nomena of terrestrial magnetism Wllich cannot be explained, 
either by the instantaneously received and instantaneously tl'ans­
mitted impressions which are made directly upon tbe rether by 
aLtrnction, 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 II. nnga, 
according to Prof. 'I'homson's calculations (Phil . .Trans., cliii, 
574), at least two·fifths as grent as if the globe were entirely 
fluid. There is, therefore, good reaS011 to hope, that by the ap­
plicntion of mechanical laws to the severnl ph uses of the rethereal 
undulations which produce the J>henomena of light, heat, elec­
tricity, polarity, Ilggregation, and diffusion, we may obtain a 
clearer undel'stnnding, notouly of all the metcorologicnl clumges, 
but also of seismic tremors, crystallization,' strntificatio11, cheDl­
ical action, and general morphology. 

If density is IL functionnl product of superficial magnetism 
and central attraction, the resemblance of the formula B= "AM, 
to the expression of Mr, Graham's experimental lmv ofmolecu­
!ar diffusion, Time=F v'Density (Proc, Roll. Soc., No. 56, p. 616-7), 
and to the general theoretical formula of which MI', Grahamls is 
a corollary, 

Velooit = F 'EIRIIt.!city 
y ..JDell~IlY 

may be something more than accidental. 
If we assllrne the atmospheric density as our unit, D'=l, and 

represent the aerial and ethereal elasticities by E', E", respect­
ively, the proportion 

JEt JEll t : 192,000 :: jji: D" 

gives an approximate value for the density of the kinetic rether, 
E' 

D"='OOOOOOOOOOOl08 E'" The magnetic and barometric fluc-

tuations may perhaps furnish the necessary data for determining 
, E' 

the unknown ratIO E"' 

B The pbosphnroscence that is often observed during tbe process of crystalliza. 
tion, lind the auroral di~pll1Ys in frosty air, are r.erhapB owing to analogous vibra. 
tions. Every chemit'.al, as well as every ph:ysica ,aetinn produces II ponderable dis. 
turbance or equilibrium, which must give rISe to eethereal oscillations, to which. in 
their simplest form, we give the name of electric. mtlgnetic. or galvanic clU'rents. 




