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ON T H E  DISTRIBUTION A N D  T H E  S E C U L A R  
V A R I A T I O N  OF T E R R E S T R I A L  MAGNETISM. 

INtwo papers* read before the Philo- 
sophical Society of Washington, May 25th, 
the following main results were obtained : 

* 'On the Secular Variation of Terrestrial hfag- 
netism ' and ',i Preliminary Analysis of the Problem 
of Terrestrial hlagnetism and its Variations.' 

The minimum change in  declination along a 
parallel of latitude at any particular time, and 
the minimum average secular change along a 
parallel of latitude during a given interval of time 
occur near the equator; both quantities generally 
increase on leaving the equator. 

Exactly the reverse is the case with re-
gard to the inclination, viz. :-

The nLazimumchange i ? ~inclination along a 
parallel of latitude at any particular time, and 
the nzazimum average secular change along a 
parallel oj latitude during a given interval of 
time occur near the equator; both qzlantities 
generally dinzinish on leaving the equator. 

These laws were established with the aid 
of data scaled from magnetic charts from 
1780 to  1888 a t  points 26' distant in longi- 
tude and in latitudes 60°N,  40°Pu', 20°N, 
equator, 20'5, 40'5 and 60's. They 
again point to the same conclusion reached 
previously by the writer in a somewhat 
different way, namely, that the distribz~tion 
and the secular variation of terrestrial magne- 
tism appear to be closely related; they are sub- 
ject to similar laws. I t  is hence probable that 
they are both to be referred primarily to the sanze 
cause. This conzmon cause seems to be connected 
i n  some way with the earth's rotation. 

I f  we regard the earth as uniformly mag- 
netized, having its magnetic poles coinci- 
dent with the geographical poles, and take 
the X axis of a system of coordinates whose 
origin is in the center of the earth, parallel 
to the magnetic axis, we shall get the fol- 
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lowing expression for the potential function 
a t  any external point), viz. : 

X 

* = $ r ; p r t 3 . -

r3 

a is the mean radius of the earth, r the dis- 
tance of the point from the origin, and ,u 
the intensity of magnetization per unit of 
volume. 

For points on the earth's surface, this re- 
duces to : 

-i = ljia= 3 r p. sin Q -- c. sin qi (1)
a 

9 is the geographical latitude and c = 4 ;r / I .  

This formula is doubly interesting just 
now, as i t  has been recently deduced em- 
pirically by Professor W. von Bezold.* This 
eminent investigator, when considering the 
mean values of the geomagnetic potential 
along parallels of latitude, found them sub- 
ject to the simple law +, = c. sin o = 0.330 
sin 9 .  Since c = 4 ;r ,u, and the magnetic 
moment, AX, of the earth is equal to 
+ I; / r .  a3, we find that voll Bezold's empiri- 
cal coefficient implies a value of the mag- 
netic moment equal to 8.52 x 10" against 
8.55 x l o z 5as determined by Gauss. TVe 
thus see the theoretical significance of von 
Bezold's factor. 

Since for the case supposed the horizon- 
tal component of the intensity, H, is di- 
rected meridionally, i t  follows from (1) that : 

Furthermore, with the aid of simple 
transformations : 

V =  2 c. sin o 

F = o. 4 3  sin* P 
t a n I = 2 t a n Q  

-- 
1 

( 3 )  
( 4 )  
( 5 )  

V being the vertical force, B, the total and 
I, the inclination. Formulw (2), ( 3 ) ,  (4) 
and (5) are familiar to every nautical geo- 
magnetician. 

* See his admirable paper 'fiber Isanomalen des 
erdmagnetisohen Potentials,' Sitz. bericl~te d. Kgl. 
Preuss. Akad, d. Wise. zu Berlin. Phys.-math. 
Claeae, April 4, 1895. 

Now the writrer finds that these formuls 
give the mean values of the magnetic ele- 
ments along parallels of latitude with a high 
degree of precision. As this paper will be 
printed in full in the A~nerican Joztrnal of 
Science beginning with the August number, 
I will select but one typical example. 

I Latitude I obs'd * I Con~p'd 0.-C. I 

I 60' N 74O.9 X 73O.9 5 J- 1°.O 
I 40' 59 . 7 X  59 .2  N - O .5' 20° 1 34 . 3 N  36 . l N  - 1  .8 
(Equator 3 . 2 5  0 . 0  - 3 . 2  
I1 ?OO 1 3 6 . 8 5  3 6 . 1 s  - 0 . 7  1 

'40' 57 .2 S 59 .2 S f2 .O 
60°S  7 0 . 2 s  7 3 . 9 s  ~ 3 . 7  

Since, according to equation (2). 

we can get a fair value of the magnetic 
moment of the earth without the aid of the 
laborious Gaussian computation by simply 
scaling the value of H for equidistant 
points along a parallel of latitude from iso- 
dynamic charts and substituting the mean of 
the values thus found in (6) .  

Thus I get for 1885 as the mean result of 
the scalings along 40' N, 20' N, Equator, 
20' S and 40" S, the ~ ~ a l u e  of 0.325 a3 for 
31, against 0.322 a 3  resulting from the 1885 
Neumayer-Petersen re-computation of the 
Gaussian co-efficients. 

But  why shoztld the values obtaimxi on the 
assumptiotz that the earth is uniformly nzagnet- 
ized, and its magnetic axis coincide~zt with the 
geographical axis, so nearly agree with those 
based tip012 observed qualztities? I t  seems to 
me that this opens the question whether 
the asymmetrical distribution of land and 
water is the primary cause of the asymmet- 
rical distribution of telluric magnetism, as  
generally supposed. Why do the ' anoma-
lies' in the distribution so nearly cancel 
each other in going along a parallel of lati- 

"These quantities are the results of the sealings of 
Neumayer's charts for the points mentioned. 



tude? Does this again imply that the ro- 
tation of the magnetic earth is an  important 
factor ? 

If we connect by lines all the places on 
the earth's surface having the same de-
parture (with due regard to sign) from the 
values as computed from above formula 
we get n series of curves that converge 
around two foci of maximum and minimum 
departures. I have carried out this idea 
with the aid of my collected data in the 
case of the inclination for three epochs, 1780, 
1880 and 1885. I call the curves thus ob- 
tained lines of equal departing inclination, 
or, briefly, ' isapoclinics.' I t  is especially 
remarkable that these lines close around 
two points not on opposite sides of the 
equator, but on the same side.* Their pre- 
liminary positions are : 

Latitude. Longitude.
For 1885. 
North end attracting focus, 20'5. 40°W of Or. 
South end attracting focus, 5's. 40°E of Gr. 
For 1780. 

N. F. oO 50°TV. 

S. F. O0 60°E. 


These positions are subject to a slight re- 
vision. The main part, however, is brought 
out very clearly in both cases, viz. : that the 
chief cause of distortion of the primary sym-
metrical $field can be represented as due to a 
secondary polarization approximately equatorial 
i n  direction. 

I then showed that the isapoclinics obey 
in a remarkable degree the laws governing 
a magnetic system. They do not run a t  
random. Thus, for example, the foci or 
poles of this secondary system fall nearly 
on the agoilic lines of the actually observed 
field, and the secondary magnetic equator 
running roughly north and south marks 
out approximately the places where occurs 

XSin~ilarresultshave been obtained by von Bezold 
in  the paper cited, and by A. von Tillo as seen in his 
preliminary paper in Comptes Rendus, Oct. 8, '94, 
pp. 597-599. I t  is very much to be hoped that von 
Tillols charts mill soon be publishecl. 

the maximum declination. I n  a word, the 
~nagnetic field zuhich we actually observe can be 
nearly obtained by super-imposing a secondary 
equatorial Jield upon a prinzary polar one. 

By comparing the maximum horizontal 
intensities of the the two systems, as  fouild 
in the respective magnetic equators, I find 
that the polar Jield is about Jive to six times 
stronger than the secondary, and that the axis of 
the resultant system would make an angle oj 
about 10' with the rotation azis. 

Furthermore, the secular variation phe- 
nomena can be qualitatively explained by 
the shifting of just two such poles as  be- 
long to the secondary system. It cannot 
be explained by the disturbance of poles on 
opposite sides of the equator. 

Weshould thus have to refer both the distribution 
and the secular variation to apparently the same 
kind of a polarization. 

This harmonizes with the empirical con- 
clusions a t  the beginning of this paper. 

Since the intersection of the agonic lines 
with the equator fall so nearly together 
with the positions of the isapoclinic foci, a 
fair idea, perhaps, can be obtained of the 
shifting of these foci from the motion of the 
agonic lines along the equator. I find that 
both agonic lines have been moving west- 
wardly along the equator for the last 300 
years a t  the average rate of about 0.'2 per an- 
num. If the motion continues around the 
equator a t  this rate the resulting period 
would be about 2000 years, but I do not 
wish to be understood as asserting that this 
is the secular variation period. 

A possible third field, which has been 
made probable by Dr. A. Schmidt's beau- 
tiful researches, was also pointed out. 
Schmidt found, namely, that not the en- 
tire observed magnetic effect on the earth 
can be referred to a pot,ential; currents 
that pierce the earth's surface seem to make 
themselves felt. Perhaps his currents can 
be explained thus : If an arbitrarily mag- 
netized sphere rotates in a conducting fluid, 



the surface of contact of sphere and fluid 
being conducting, currents will be incited 
in the fluid that will pass into the sphere 
and out again. 

I n  the case of the earth there is no fluid 
with reference to which the solid earth per- 
forms a total differential rotation ; still 
there are partial differential rotations due 
to moving streams, ocean currents, tidal 
waves and air currents. Such a field, if i t  
exist, can be differentiated with the aid of 
the potential theory. 

Purely local disturbances would consti- 
tute a fourth-the ' anomalous field.' 

We as yet have no satisfactory answer as 
to the origin of the earth's primary mag- 
netic field, neither has the astronomer an  
answer to the query 'Whence the moon.' 
He, however, accepts the moon's existence 
and computes its disturbing effects upon 
the earth's motions. Just  so i t  is with the 
earth's magnetism. W e  do not know 
whence i t  has come, but we know i t  is 
there. 'CVe know that to-day the mag-
netic earth is rotating about an eccentric 
axis, and so let us ask ourselves What 
is the effect of the self-inductive action of the 
rotating magnetic earth? How is the prin- 
ciple of the conservation of energy when applied 
to the motions of the magnetic earth to be ful- 
Jilled ? L. A. BAUER. 

ON A DEVONIAN LIXESTONE-BRECCIA IN 
SO Ul'H IVESTERN JfISSO URI. 

THEbrecciated limestone which i t  is pro- 
posed to describe in this paper outcrops 
near the base of Eagle Ridge, on the west 
side of the valley of Dry Creek, five miles 
west of the town of Galena, county seat of 
Stone County, Missouri. The several mem- 
bers of the Devonian strata in this portion 
of the State are, in their normal condition, 
very regular and evenly bedded, and are 
perfectly conformable, from their base, to 
and with the overlying Kinderhook Group. 
They rest, with slight local unconformity, 
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on the magnesia11 limestones of the Ozark 
Series, and then out toward the east, a t  the 
expense of the lower members, each stratum 
overlapping that which is under it. I n  the 
vicinity of the limestone breccia they pre- 
sent the following sections : 1. Green Shale, 
7 feet. 2. Shaley Limestone, 10 feet. 3. 
Speckled Crinoidal Limestone, 3 feet. 4. 
Basal Conglomeratic Sandstone, 4 inches. 

Proceeding south along the west side of 
the valley we find the first indication of 
a disturbance in the form of a gentle undu- 
lation.of the upper portion of the shdey 
limestone, No. 2 of the section. A few 
hundred yards further we encounter the 
first of a series of huge masses of breccia, 
consisting of the light gray, amorphous 
limestone and thin shale of No. 2, broken 
into angular fragments of various sizes, and 
recemented, partly by a similar substance, 
and partly by the subsequent infiltration of 
calcareous matter occurring now in the form 
of calcite. The original bedding planes 
have been mostly obliterated, and the brec- 
cia weathers out along the hillside in boul- 
der-like masses, 10 to 20 feet thick, and 50 
to 100 feet in width. A stratum of shaley 
limestone a t  the base of these masses parti- 
ally retains its original appearance, and 
from its relation to the more massive brec- 
cia overlying it the whole is seen to have 
been subjected to violent coiltortion and 
fracture, such that boulders of hard lime- 
stone have been forced into the midst of 
calcareous shale. There are about half a 
dozen of these masses exposed along the val- 
ley side, in a distance of about 1000 feet ; 
then the undulations decrease, and a t  one- 
half mile from where the first disturbance 
in the strata was noticed they entirely 
cease, and from thence down the valley the 
strata are in their nornzal condition. 

There is no indication of the action of 
water in the formation of the breccia. All 
the fragments are sharply angular, and fre- 
quently a fossil has been broken through 


