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8 .  T h e  M u t u a l  P o t e n t i a l  E n e r g y  a n d  t h e  I \ { u -
t u a l  A c t i o n  o f  T w o  M a g n e t i c  S y s t e m s :  H o w  t h e
R e s u l t  i s  m o d i f i e d  b y  t h e  M a g n e t i c  L a w  o f  S t r e s s
e x e r t e d  i n  C u r v e d  I - i n e s  d r a w n  t o  t h e  P o l e s .

( i)  The mutual potential energy of two magnetic systems.

r .  l rnag ine  a  nagnet  o f  in f in i te ly  s rna l l  d imens ions ,
I ike the part icles into which a magnet may be broken rvith-
out losing i ts physical propert ies. Suppose the length to be
d/, with direct ion cosines a, 8, f  ;  then i f  J21 and JJ2 be
the values of the potential ,Q at the negative and posit ive
poles respectively, we shal l  have for the potential energy
of this small  nragnet:

dp d t 'dP ld t  :  m '0910t
7r, :  moment Of the magnet.

( ' s z )

On putt ing du - dr dy dz for the magnetized element we get:

n.0l t lDt :  I  (a.D!) lDr-r  p.0tt l ly-+-y.09102) d*dy dz (r  5s)
where 1 - total intensity along the l ine of nragnetization.

By tr iple integration for al l  the elenrents of the systern,
i n  a  f i e l d  o f  p o t e n t i a l " - ( ) ,  o n  p u t t i n g  f  7 v :  A ,  I F :  B ,
I r :  C ,  w e  g e t :

F

, : t S S, tcc - 0 f 0 x +- S. 0 101, -r y . 0 l0 z) (' I n) dr dy dz
p

:  SS l fo-D! t l0r -+ n.?! t l }y-+C.A! tPs)  dx dy dz ( 'ss)
1 )  :  [ ( 6 - ' ) , * 0 t - . t ) r - + - ( f  - r ) r ] ' h

t l re  d is t rnce  -1 )  cor respond ing  to  the  po in t  P(8 , r1 ,0 .
Fiere the integration is supposed to be extended through-

out the nragnetized lnasses acted upon. Accordingly, i f  - I ' ,
a', F', /', r', 1y', z' or A', B', C' refer to the acting system,
we get for the potential JJ :

p - SIf r,@,.OfTs,ap,.?l,a!,: ,-ry' .3f 02,) (r ln) ar, d/ dz, (r 6o)
rvhere p : IG - 

")r 
-r (q - i ,  *(( -r)r]v' ( r 6 r )

as in  ( r  59) ,  and thus  -D is  the  d is tance o f  the  po in t  P( f ,27 ,  6 ) .
A t  any  po in t  P( f ,  q ,E)  an  in f in i te ly  s rna l l  magnet

/ dr dt '  dg situated at p {r,y,z), having i ts axis paral lel to
the  ax is  o f  r ,  has  the  component  o f  the  po ten t ia l  e ( ! - r ) lD3;
and as the other con)ponents are syrnmetrical,  rve get for
the potential of the whole magnet, by the integration of tbe
sum o f  these components ,  an  express ion  equ iva len t  to  ( r6o) :

( r 6 z )
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u v u v

The functions A, R, C

these functions in the sextuPle

mat te r .  The l im i ts  thus  become

Integratine by parts, and noticing that the surface

in tegra l  a t  in f in i t y  van ishes ,  l ve  ge t  s imp ly :

+ 6  p , , 1

n/ ::_: :V.astf}r-+- n.3stl01,-t- c.aPPz) dx d1, f,r.  ( '6s)

+@ !r ,p '
: -flfc p.tlas-+3nl0y'r0cl0z) drd1, i5. (roo)

Here i t  is assumed that A, B, C vary continuortsly, brtt

as these functions tt t tdergo at the surface srrch rapid I 'ar iat ion

as  to  amount  to  d iscont inu i ty ;  and thus  a  f in i te  por t ion  o f

the  in tegra l  w i l l  a r i se  f ro rn  an  in6n i te ly  th in  s t ra tum near  the

srrrface, as in the ?oissott formula for sttrface density 116 and

vo lume dent i t y  1 r ,  ( l le  mo i res  de  l ' Ins t i tu t ,  to rne  V,  r  I  z  r  ) :
po [r

v :,1t o r,, as+-JJJ e 1t dt d1,dz .
Let therefore l2'  be the potential of the magnet acted

upon;  then,  tak ing  account  o f  the  d iscont inuous  changc a t

the surface 4rr about the system, we get

0 2 g, f 0 r, z -+ A z -r2' f 0 1,, z -r 0 2 g, I 0 t', : a n (0,< I 0 r -+ Ur! 
fill f r r rl

Cnd on mult iplying by I du : I  dr dJ' dz and integrating,

w e  h a v e  b y  ( 1 6 6 ) :
+ r e  l r , p

,t/ _ _,1+n.S ,f Iste,e,pf fauil,,,l,p;iio,o,o, (,6s)
- r -@ p,p '_ ,tq,, !_! fpstp" ,?t];rti!il!t,;if,l],;i^: (,7o)

-+@ p ,p
,  N P P

:  - + - t f  4 n . ; t - ; t - ) ' o o '  c o s l ' d r d y c l z  ( t z ' )

(cf. Sir fr. fno)i,,, Reprint of Papers on Electricitv and
Magnet ism, p.  433) .

In this last formula .1? and J?' are the resrtltant forces
at any point of space due to the acting and acted rtpon

systems respectively, and 1 is the angle between the cl irec-

t ions of these resultant forces.

Having now derived very general expressions for the

mutual potential and mutttal act ion of t$'o magnets, or mag-

netic systems, ot '  any form or distr ibution in space, we are

obliged to consider careful ly how far the underlying hypo-

theses conform to the true larvs of nature. I t  has been as-

sumed by Gaass, Airy, Thonson, Il[axrue l/, Crystall and other

recent investigators:

( ' 6 2 )

Sondernttmmer

we get for the mutual potential energy of the two magnetic systems:

r '  *  8 ' 'D lqt  -r  y ' '0 lDt ' )  t  t ' dr  dy  dz  dx '  dy '  dz '  .  ( t6 f )
2 _ + ( E _  z ) 2 j ' t ,

vanish in free space, rvhere there is no magnetized matter, and therefore we may use

integral with the understanding that they are zero everywhere where space is devoid of

in f in i te ,  and rve  gc t :

(L) The attract ion or repulsion according as the poles

are unl ike or l ike, between trvo qtranti t ies , ta and p, '  of mag-

netism, supposed concentrated in tn'o points at distance r

apart is represented by the force:

- f  :  * t o p ' l r 2 .  ( t l , )

( I I  )  This force in the mutual act ion o[ two elements
of rnagnetism is taken to be in the straight l ine r,  joining

the elenrents 7c and p",
1 ' h i s  h y p o t h e s i s  o f  r e c t i l i n e a r  a c t i o n  a l m o s t  p r e '

sumes that magnctism is similar to gravitat ion, whereas i t
is shorvn in the present paper that magnetic stress is exerted
in the curved l ines of force typical of magnetism. I t  is ne-

cessary therefore to exatnine the foundation of the classic

theory of nragnetism with part icular care.
(f t t .)  ' t ' i re classic theory supposes that the unit quanti ty

o f  magnet is rn  i s  so  chosen tha t  t rvo  un i ts  o f  pos i t i ve  mag '
netism at unit  distance apart repel each other with unit  force.
' Ihis definit ion, rrnderlying the magnetic system of units,
g ivcs  fo r  the  d imens ions  o f  a  quant i t y  o f  magnet ism,  in  the

magnet ic  sys tem o f  un i ts :

1r, : l,'lr 114th 7-r . ( ' z s )
( lV.) The strength of a magnetic f ield, or the resuitant

magnetic force at a point in the f ield, is defined to be the
force exerted ul)on a unit of posit ive magnetism supposed

concentrated at the point. So that in general,  i f  r? be the

resultant magnetic force at the point, the magnetic force exerted

on a quanti ty 7t,  ol magnetism concentrated there becomes

1ar?, just as in the case of gravity, rvhere the force is zrg.

( i i )  Horv the action is modif ied by the law of mag-

netic strcss acting tangential ly in the curved l ines of force

directed to the trvo poles.
We have seen abundant  p roo f  tha t  the  la rv :

/  ( . , ,  \
I l s  -  q2  ( rz fs2-+r2 fs '2 )  s  : . lds  s '  :  Jds '  ( r7a)

represents the connection between -r 'gn"t ir .  and'grauitat ion.

In every possible situation on the earth's surface we

found that in general rve have to consider the modif icat ion

of theory due to the increase in the path of act ion from

r  to  t ' - ld r  .

To nake the reasoning general,  and avoid confusion,

r v e  s h a l l  p u t :  s  -  q - + - / q :  Q  ( r  * , / q l d  ( t l S )

rvhere g is the recti l inear path chosen by Gauss in his Al l-

genreine 
' l 'heorie des l)rdmagnetismus, r 838. This path g

rvithin the earth may be increased by as n'ruch as 40 per'

cent at the equator, so that ,y 'g is f ini te, not inf ini tely small .

2 4 6

-FF p ,  p '

f  f  f  (  (  ( ( .s '0 l t l0 r ' rB '0 t t f1 .v -+c 'D l t l0z ) (A ' '09 ' f0a ' -+ I ) ' ' 09 ' f01" -+Cr '09 ' t? " ' t
W : J J J J r t i - ' ' r l * t , o . ; ; 1 , * , 1 ; - , ) | , l , , ' - d , r d y d z d x , d y , d z , ( ' 6 + )
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Now expressions for magnetism involve
second power, and therefore we are concerned

.  s 2 :  Q r _ r " g z l Q - r Q l d z
where 92 

- rz - zr rn fcoszt coszo -+-

r ) (n  z f_ ._ .Q_y)
r ' 2 .  3 .  4 .  '  . y

the inverse
w i t h :

( '  z  o )

( t 8 r )

( r 8 z )

-+_ sinez sinzz6 cos(i .  -)"x)-rru2l .
Any expression for the force used by Gauss, as

92 : -  
)-t  lq. dp,

, 
: - 

!' 
r'2 - z r rs t:';:1Zl': 

!;in 
u sin us cos (2 - i'o ) 1 -r,,

wil l  therefore be much more complex.
We may put the above expansion in the fol lowing form:

k -r./ e)' : 92 ( r + tl e I dt : qt I r -r z z1 g f q -+- (,ts)'/et] . (, I I )
And then we have

pl[eG -+,rqld), : fulq') j -r zslp)-, ( r z q )

- 4Qlel a)r -r sQral d' - . . \ .  ( r8o)
This series converges with suff icient rapidity, except when

lq 1s very large, as in the region of the terrestr ial e(Iuator.
I t  is evident that beyond the f irst term, the surn of the rernrs

Y : V  t

" 
- \1" \1---

" -Z.r ( ' ,
\ 0 . /

i s  negat ive ,  because the  f r rs t  te rn t  o f  (  r  7  g  )  i s  smal le r  than
p/pe, under the integral (r 7 7 ) usett by Gttuss.

Accordingly  as
p-l[g'z (r -+- , lqf g):) < plQ" ; and thercfore

J' ,le' . dp, , J' r llq' (r -+- rqld\. dp
we may form a table for the earth, uSing the u"l11g 5 :
qb-+-zlqld in the dif ferent lat i tudes. ' I 'hus 

the ttrble wil l
give the means of integration by quadrature for t tre average
value in the case of our globe. ln this way wc r lay trnd
out horv much s>p, as used by Gauss.

A p p r o x i m a t e ' l ' a b l e  f o r  t h e  I n c r e a s e  o f  t h e
A m o u n t  o f  I \ { a g n e t i s n r  i n  t h e  G l o b e ,  u n c l e r  C u r v e d
L i n e  A c t i o n  c o m p a r e d  t o  t h e  S t r a i g h t  I - i n e  A c t i o n

a s s u m e d  b y  G a u s s :

sz  f  p r  ,zn  (cos  r r ; -  cos  r r ;1 r )

:  In tegra l  fo r  thc  Z-ones
of  the  Sp l re rc  by  the  ra t io

o f  t l re  l io rccs  s? /p :
ac t ing  on  ther r r
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I l rorn the table i t  appears:
r.  ' I 'he rnean rat io of the mere increase of distance s/g

is  r . rz ,  wh i le  the  nrean ra t io  o f  the  s t luared  d is tances  sz /pe
requ i red  in  the  d iv isor  o f the  in teg la l  fo r  the  fo rces  is  r .266.
' fh is  rneans  tha t  zone fo r  zone o f  the  con ica l  space about
the pole there *,ould be an increase in the calculated amount
of the rnagnetisnt, -  observation, t tnder Gauss' defective
hypothes is  o f  rec t i i i near  ac t ion ,  y ie ld ing  on ly  r / r  .2gg -  s .gs ,
nearly. ' lhus an increase of z5 percent is required, to over-
conre  the  e f fec t  o f  the  de fec t  in  the  under ly ing  hypothes is .

2 .  I lu t  ins tead o f  tak ing  zone fo r  zone,  rve  shou ld
integrate the zones of the sphere by the rat io of the forces
s : /g !  ac t ing  on  thern ,  as  g iven in  the  las t  co lumn o f  the  above
table, which yields a mean for eclual elenrents of al l  the
s o l i d  l n g l e s ,  a :  t . 4 o z 6 .  1 ' h a t  i s ,  s o l i d  a n g l e  f o r  s o l i d
a  n  g  le ,  th roug l rou t  the  hemisphere ,  the  e f fec t  o f  the  curved
I i n e  a c t i o n  r i s e s  t o  a b o u t  r . 4 ;  s o  t h a t  r f  r . 4  :  o . 7  r  i s  t h e
ca lcu la ted  par t  o f the  nragnet is ru  ex is t ing  i l t  na ture ,  the  inc rease
required for defect in hypothesis being about 4o percent,
2 9 1 7  |  :  o . 4 0 .

3. Althoueh the above table is approxirnate only, -

incluci ins nrerely the ef lect of '  the changes in s, for one
hcr r r i sphcrc ,  t . I re  t :hanges in  s ' fo r  the  o thcr  henr isphere  be ing
le l t  ou t  o f 'account ,  -  i t  i s  ev ident  tha t  the  f ina l  resn l t  rv i l l
no t  ver l '  g rea t l ) 'exceed the  ra t io  herc  es t in ra ted .  I t  rv i l l  no t ,  I
fee l  surc ,  cxcecc l  5o  percent ;  ye t  th is  change shorvs  how
1. ' ro founc i l y  a l l  our  cencept ions  o f  n ragnet isnr  must  be  rnod i f ied ,
to  tukc  accour ) t  o f  na ture 's  ac t ions  in  curved l ines  conrpared
to  t l re  s t ra ig i r t  I ines  here to to re  enrp loyed by  phys ica l  theor is ts .

4. 
' I 'he above conclusion that the rat io of increase

rvi l l  not exceed 50 percent rests on a study of the nature
o f  the  in teera ls :

" p p
P P (  ' . ,  . P P P1 :  /+ / '  :  p ' )JJu / " .d . rd - r ,d :+-4 ' ) ) )u l ' ' " .  d rd ' l ,d :  -
' l  ,  , l , r:  l t l t  l s - _ f  l t p .  l s . .

the trvr.r terms ,/  an<l / '  being eqr.ral at the equator, but each
o l -  thc ru  fa l l ing  o t f  rap id ly  and soon becoming re la t i ve ly  smal l
te r l rs  in  the  oppos i te  her l i sphere .

' fhe results of our calculat ions are given in the acconr-
panying table. l t  rvi l l  be seen that the general effect of using
s in place of g is to. weaken the attract ive force everywhere.
And as G'zzzzs.r' results follow frorn the constant use of a path
of act ion rvhich is too short,  yet the observed lbrces were
the forces he actual ly used, rve musl conclude that the amount
of rnagnetisnr in the earth very appreciably exceeds that
calculated by Gauss.

;\ f ier sonre examination of this problem, we conclnde
fronr the study of the earth's nragnetisnr, that for such a
spherical magnet as tbe earth, the average increase of
r :  p  ( r -+z lq lq ) ,  the  second te rm be ing  the  excess  o fs  over
rec t i l i near  ac t ion .  i s  about :

r : g ( r - r o . r z / g )
And therefore in the integral

[ '  l ' .  ap : ! '  l l1, G t- zlql e),].  drt,

( ' 8 : )

( ' 8 + )

the  ev i r lua ted  suur  i s  decreased i ,n  the  ra t io  o f  r .oo  to  r .26 .
Consequently we f ind that the amount of magnetism in the
globe is about z6 percent greater than observations indicate
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in virtue of curved l ine action, zone for zone; and, sol id
angle for sol id anele, at least 4o percent, perhaps 5o l)ercent.

1 'he  genera l  theory  o f  curved l ine  ac t ion  here  devc loyred
is  en t i re ly  new in  sc ience.  I t  has  no t  been used in  any
previotts rvork. Thus in Cq,s/a/ l 's great art iclc on t\ [agnetisrn,
Encyc l .  Br i t . ,  g t l ' ed . ,  p .  z  27 ,  i t  i s  s ta ted  tha t  the  fo rce  l rc t rycen
t rvo  qr ran t i t ies  o f  magnct ism is  , /  :  1 t1 t ' f  r r ,  and r i s  in  the
l ine  jo in ing  the  t rvo  po i r r ts ( .

The rvho le  theory  o f  magnet is rn  here to fo re  in  use  is
based on  the  theory  o f  rec t i l i near  ac t ion ,  as  in  ( , i r z . r .c 'A l l -

gemeine  Theor ie  des  Erdmagnet ismus,  \ : ,  p .  Z ,  rvhcrc  rvc  read:
>Lur  Abmessung der  rnagnet ischen F l i l ss igkc i tcn  lcgen

wi r ,  rv ie  in  der  Schr i f t  In tens i tas  v is  magnet icae  e tc .  d ie jcn ige

Quant i t l t  nc j rd l i chen I i lu idums a ls  pos i t i ve  I i inhc i t  z r r  ( ln rnde,

l 'e lche  au f  c ine  ebenso gro fJe  Quant i t i t  dessc lben l i lu idums
in  der  zur  E inhe i t  angenommenen Ent fe rnung e ine  bcrvc tcnc le
Kra f t  aus t ib t ,  d ie  der  zur  E inhe i t  angenornmenen g lc ich  is t .
\ \renn rvir von der lnagnetischen Kraft,  rvelche in irgencl einem
Punkte  des  Raunres ,  a ls  Wi rkung von anderswo bef in t l l i chcnr
magnet ischem F lu idum,  sch lech th in  sprechen,  so  is t  c ienrn ter
immer  d ie  bewegende Kra f t  vers tanden,  s 'c lche  r lasc ] l rs t  au I
d ie  E inhe i t  des  pos i t i ven  magnet ischen I , - lu idurns  ausse i i l ; t  w i rc l .
In  d iesenr  S inne i i l r t  fo lg l i t ;h  d ic  in  e inem l )unk t  konzcnt r i c r t
gedachte  maqnet ischc  I t l i i ss igke i t  1 r ,  in  c lc r  I . ,n t [e rnun.q  o  d ic
magnetische I iraft  g./g2 aus, und zs':rr absto0cncl oricr rn-
z iehend in  der  I { i ch tung der  gerac lcn  L in ic  g ,  j c  nar :h r lc r r r  1 r
pos i t i v  oder  negat iv  i s t .  I leze ichnet  mrn  durc i r  o ,  1 , ,  c  d ic
Koord ina tcn  von p ,  in  Rcz- ieh t rns  ar r f  d re i  un tc r  rcch tc r . r  \ \ ' i nkc ln
e inander  schne idende Achsen;  r iu rch  . r " , , r ' , :  c l ie  i ioor r l ina ten
des Punktes, rvo dic Kraft ausgetibt rvircl ,  so<iaf l

g  :  [ ( r -a )2- r (1 , -  b )2-+(z -  c ) t f  i ,

und zerlegt die I iraft  den Koordinatenachscn paral lel,  so sind
die Komponenten

7 t , ( r -  a ) f g ' t ,  p  ( t - b ) | g " ,  p ( z -  c ) f g : t ,

we lche,  u ' ie  man le ich t  s ieh t ,  den par t ie l len  I ) i f f c rcn t ia l -
quot ien ten  , ,on  -p fg  nach c , .1 'und z  g le ich  s in<J .<

\\re have cited the foundations of Gatss' theory in sorne
deta i l ,  no t  on ly  to  show tha t  he  takes  the  fo rce  1 :  1 t f  p !  an t l
reckons  g  rec t i l i near ,  , in  der  R ich tung der  geradcn L in ie  g< ,
pos i t i ve  o r  negat ive  accord ing  to  the  s isn  o l  p ;  bu t  a lso  to
exhibit  the Gaussian resolut ion of the conrpone nt forccs, l 'hich
is  o f  exac t ly  the  sarne  fo rm as  in  thc  case o f  g rav i ta t ion .

Before coming definitely to the decision th:rt  a funcla-
menta l  e r ro r  o f  the  k ind  here  descr ibed has  corne  dorvn  in
the classical theory of magnetism, as devclopccl by ()auss

and o ther  h igh  au thor i t ies ,  I  took  pa ins  to  expcr i1 l lqp1  r ' . r t
careful ly as fol loivs:/ \

(^ )  \ \ ' hen  i ron  f i l i ngs  rvere  spr ink led  on  a  p la tc  o f
glass over the poles of a porverful srnal l  r .naqnet, t l rcy shorvecl
unmistakably the tendcncy to move to*'ards the polcs along
t h e  c u r v e d  l i n e s  o f  f o r c e ,  n o t  s t r a i g h t  t o  t h e  p o l e s .

(b) When soft i ron paper fasteners rvere attached t<>
threads for exploring the f ield, they shorved the sarne nrotion
-  the  pu i l ing  be ing  in  the  tangent  to  the  . l ine  o f  fo rce .

(c) Yet not content rvi th such indicatior.rs, I  rvent to the
troubie to test the f ield careful ly, again and asain, rvhcn the
small  compass needle rvas t ied to a si lk thread for exl) lor ing
the magnetic f ield. Upon actual tr ial  i t  rvas found that t l re
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deflect ion of the needle against gravity, pr 'edicted by the
formrt la for the ponderomotive force:

.F - ng tgX : 1t,1t ' f  sz - 
1t 1t ' fs 'z, (rrorthern hemisphere) (r S S)

rvhere zr :  gravitat ional mass of the smaller magnet, was
due visibly and undeniably to a force along the tangent to
the l ine of force. By moving the suspended needle from one
posit ion to another, rvhere the l ines of force curve rapidly,
i t  could be seen dist inct ly that the deflect ion is alrvays in
t lre tangent to the magnetic l ine of force. ' fhe 

observation
is  no t  c l i f f i cu l t .  ' fhe  ev idence is  per fec t l y  unmis takab le l

C o n c l u s i o n s .

r.  Frorn the experiments here described i t  fol lows
incontestably that the larvs of nragnetic attract ion and repul-
s ion  are  no t  qu i te  so  s i rnp le  as  we have supposed.  Ins tead
of  an  a t t rac t ion  or  repu ls ion  a long the  s t ra igh t  l ine  z ,  we
must inragine these stresses exerted along the shortest l ines
of forcc / f '

s - Q-+,.|o : JOr , s' : Jds' .

z .  ' fhe  ac ther  s t ress  a long the  l ine  o f  fo rce  o [min imum
leneth is the maxirnunr tension for the attracted magnetic
nec t l l c .  . ' l ' he  rcsu l tan t  i s  d i rec ted  to  the  nearer  po le ,  a round
the  curve ,  l )u t  i t  changes d i rec t ion  a t  the  equator ,  and in
the  o ther  henr isphere  is  therc lo re  d i rec ted  to  the  o ther  po le .

3. 
' l 'he l ines of force, as l ;arada1, noticed, tend to

shor ten  thcr rse lves ,  anc l  tbus  are  under  tens ion .  ' l ' he  tens ion
is  g rea tes t  neares t  the  po les ,  rvh ich  ac t  as  t rue  cent res  o I
a t t rac t ion ,  ) ' c t  the  s t rcss  a l rvays  ac ts  in  curved l ines ,  because
thcre  is  anothcr  po le  in  the  d is tance to  wh ich  t l re  o ther  end
of the l ine of force returns.

4. Since the l ines of force are vort ical f i laments of
aethcr in rapid rotat ion, owing to the wave-action consti-
tu t ing  ma{net ism,  - -  the  resu l tan t  ro ta t ion  a t  any  po in t  be ing
in thc lr l i rne norma'l  to the l ine of force, - rve perceive
tha t  thc  tcns ion  in  thc  l ine  o f  fo rce  rv i l l  ahvays  pu l l  the
suspent lcd  rnagnet ic  ncc< l le  to rvards  the  nearer  po lc  o f  the
la rqer  masnet .  ' l ' he  ch ic f  fo rces  are  cent red  in  the  oppos i te
ends  o f  the  suspcnded need le ,  the  oppos i te  po les  o f  the
nced lc  bc ing  pu l led  to  oppos i te  po les  o f  the  la rge  magnet .

5. r\ t  thc c(luator the action on the trvo cnds of the
suspcndc< l  nccr i le  a re  e ( iua l :  in  o ther  pos i t ions  the  fo rces
arc unerlual,  rvi th the increased attract ion tos'ards the nearer
po le  p redorn inant .

a )  
' l ' hc rc  i s  a l rvays  a  s l igh t  bod i l y  de f lec t ion  o f  tbe

suspendcd nee( l le  tou 'a rds  the  la rger  magnct  - -  the  vor t i ca l
f r lament  o f  the  ae ther  a long the  l ine  o f  fo rce  ac t ing  l i ke  a
s t re tched rope.

l r )  I lu t  near  e i ther  po le ,  thc  s t rcss  a lons  the  l ine  o f
force is so rnuch more predorninant, that rve notice chief ly
the  a t t rac t ion  to rvards  the  po le .

6. As observation confirms the theory of tension along
the nagnetic l ines of force, rve perceive that these obser-
vations, shorving strcsses as described above, also confirm
and definitely establ ish * 'ave-action as the cause of magnetisnr.
' fh is  exp lanat ion  is  no t  on ly  su f f i c ien t ;  i t  i s  a lso  necessary
-  the  on ly  poss ib le  one!  Hence in  hnd ing  the  lau 'o f  n rag-
netic act ion in cun'ed l ines of force, n'e have discovered
the true cause of magnetisrn I
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g . T h e  F e e b l e n e s s  o f  G r a v i t a t i o n  C o m p a r e d
t o  E l e c t r i c  a n d  M a g n e t i c  F o r c e s :  V e l o c i t y  o f  t h e
P r o p a g a t i o , n  o f  U n i v e r s a l  G r a v i t a t i o n .

( i)  Estimates of the feebleness of gravitat ion.

The force of universal gravitat ion is so nearly insen-
sible, for small  masses, as to lead to the bel ief that this
chief force of nature is a residual ef i-ect, in rvhich only a
small  cornponent of the elast ic power of the aether is exerted.
By virtue of tbe stupendons masses of the heavenly bodies,
however, this residual component attains gigantic magnitude
between the planets and the sun, or betrveen the nrenrbers
o f  a  pa i r  o f  doub le  s ta rs ,  as  they  revo lve  in  the i r  o rb i ts ,  -

the actual stress becoming a maximum and thus often enor-
mous at periastron passage,

a)  Thus  in  the  Connex ion  o f  the  Phys ica l  Sc iences ,

9th ed., r858, p. 426, NIrs. ,sonnerui l lc reurarks:
rGravitat ion is a feeble force, vastly inferior to electr ic

ac t ion ,  chemica l  a f f in i t y  and cohes ion ;  ye t ,  as  fa r  as  huntan
knowledge ex tends ,  tbe  in tens i ty  o f  g rav i ta t ion  has  never
var ied  rv i th in  the  l im i ts  o f  the  so la r  sys ten t . "

The latter part of this argurnent is modifred try obser-
va t ions  and exper iments  made w i th in  the  pas t  twenty  years ;
bu t  the  renrark  on  the  feeb leness  o f  g rav i ta t ion  is  enr inent ly
appropriate, and today nrore noteworthy than in former t inres,
when grav i ta t ion  rvas  less  inves t iga ted  by  na tura l  ph i losophers .

b )  In  the  ar t i c le  Crav i ta t ion ,  Encyc i .  J3r i t . ,  g t l ' ed . ,
r87  5 ,  Ba l l  po in ts  on t  tha t  on  the  average the  a t t rac t ion  o f
a  magnet  i s  mi l l ions  o f  t imes more  power fu l  than grav i ta -
t ional '  attract ion. ' I 'his general remark is of such great
interest that we propose to test i t  by actual calculat ion, as
fol lows. So far as I know this calculat ion is new, at least
I have never met with i t  in the writ ings of any nrodern
investigator.

c )  I t  appears  by  the  U.  S .  Coast  Survey  observa t ions
at the l \ ' Iagnetic Observatory, Cheltenham, I\ Iarylancl,  that in
r  9o6,  the  hor izon ta l  co ln l )onent  o f  the  ear th 's  n iagnet ism
w a s  , , . :  o . o o o 2 o  c . g . s . ,  n ' h i l e  t h e  i n c l i n a t i o n  o r  d i p  r v a s
6 :  7o"  z7 ' .  Now rve  rnay  take  grav i ty  as  98r  c ln  c .  g .  s . ,
and therefore the horizontal component of the earth's ntag-
net ism is  to  tha t  o f  g rav i ta t iona l  acce le ra t ion  as :

f l g :  z / g E r o o o o :  r / 4 9 o 5 o o o .  ( r S 6 )

But  cos  7oo 27 '  :  0 .3347 -  r l  S  very  near ly ,  and thus
we have for the rat io of the total intensity at Cheltenham
to  grav i ty ,  rgo6,  the  equat ion :

I I C : y s e c | . f g -  r f 1 6 3 5 o o o .  ( t 8 Z )

This is t l ie same result at rvhich we arr ived in eouation
(46)  above.

d) I t  is shown in Gauss' Al lgenreine 
' fheorie 

des l i rd-
magnet ismus,  r838,  tha t  a t  the  t rvo  po les  tbe  average in ten-
s i ty  o f  the  ear th 's  magnet ism is  r .977,  o r  near ly  z ,  wh i le
at the magnetic equator i t  reduces to r approxiniately. Wc
therefore have the general theorenr,. that for the region be-
tween the magnetic equator and the magnetic poles the inten-
sity of the earth's nragnetism l ies between the l i rnits given
i n  equa t i on  ( r  r  5 ) :

I l g :  t f zoooooo ,  and  I f g :  t / r oooooo
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Accordingly the above value at Cheltenham is typical
of the larger part of the globe. The above rernarks of
\Irs. Sonuerztille and Prof . Ball are therefore very appropriate.

e) In 1894, Prof. C. I / .  Bo1,s determined the constant
of gravitat ion or the attract ion of a mass of a gram at a
d is tance o f  a  cent imet re  in  a  second,

/ ' :  e . s 6 6 e o o o 6 6 6  :  1 s - 1 0 . 6 6 6  c .  g .  s .  ( r 8 s )
:  r l ( t 5 o r ' r o { )  d y n e ,  o r  p r a c t i c a l l y  o n e - f i f t e e n

rn i l l i on th  o f  a  dyne.
As  the  dyne is  rough ly  the  we igh t  o f  a  rn i l l i g ram,  i t

rvas rernarked by Prof. G, M. Mhc/iz of Oxford ( ' I ' reatise
on Sta t ics ,  r  886,  vo l .  l I ,  p .  z  5  r  ) ,  >how ex t remely  s rna l l  a
nragn i tude is  the  cons tan t  o f  g rav i ta t ion<.  1 'h is  op in ion  o f
the  feeb leness  o f  g rav i ta t ion  has  been genera l l y  he ld  by
investigators since the days of Neutort;  in fact the force rvas
so ver) '  srual l  that i t  rvas a long t inre before exyrerinrental
measurenrents  o f  the  de f lec t ions  due to  g rav i ta t ion  became
poss i  b  le .

Irr r  7 7 4 t l fas*t l1,ue succeeded in detecting the deflect ion
of  the  ver t i ca l  by .  the  a t t rac t ion  o f  X I t .  Sheha l l ien  in  Scot -
land,  f ronr  rvh ich  he  deduced a  n tear )  dens i ty  o f  the  ear th
of 4.7 r.  In r 798 Cauetdislr f i rst i rsed the nrethod of the
' l ' o rs ion  l la lance,  and ob ta ined the  va lue  5 .48 ,  rvh ich  is  very
near  the  ruoc le rn  va lue ,  5 .5o .

In  v ie rv  o f  the  ex t renre  feeb leness  o f  g rav i ta t ion ,  the
accura te  t le tc ' r r r ina t ion  o f  the  grav i ta t ion  cons tan t  i s  one o f
the  r r ros t  d i f l l cu l t  exper i tnents  in  the  rvho le  range o f  phys ica l
sc ienc :e .

( i i )  l ievision of ,4[arur/ l 's calculat ion of the stress in
t l r e  e c t i r t ' r  i r r <  i d c n t  t o  g r a v i t a t i o n .

ln  h is  researches  on  the  s t resses  in  the  ae ther  rec lu i red
to lrrodrrce electr ic, nragnetic or gravitat ional forces, t l fartuel l
derives the fol lorving fornrula ( ' I ' reatise on I i lectr ici ty and
X, Iagnet is rn ,  rE73,  sec t .  643;  l l l i nc l t i t ' s ' l ' rea t ise  on  Sta t ics ,
v o l .  l I ,  r 8 8 6 ,  p . 4 5 r ) :

l i : R 2 l 9 n f  .  ( , s o )

r v l r e r e  . f  i s  t h e  g r a v i t a t i o n  c o n s t a n t , I ' : 6 6 6 .  r o - 1 0  c . g . s . ,
a s  a t > o v e  e x p l a i n e d ,  a n d  r ? : 9 8 r  c r r ,  i s  t h e  a c c e l e r a t i o n  o f
g rav i ty  a t  the  ear th 's  sur face .

' l ' he  ca lcu la t ion  is  as  fo l )ows:

l o g l l  : '  Q 8  r  :  z . g g t 6 6 g o  l o g 8  :  o . g o 3 o 9 o o
l o g  ( t i . ! )  :  5 . q 8 3 3 3 8 o  l o g n  :  o . 4 9 ?  r  4 9 s
l o g  t o r 0  :  r o . o o o o o o o  l o 9 6 6 6  :  2 . 8 2 3 4 7  1 z
l o g ( r o 1 0 . l ? 2 )  :  r 5 . 9 8 3 3 3 8 o  l o g ( 8 z r  6 6 6 )  :  4 . 2 2 3 7 r 4 : ^
l o g ( 8 r r  6 6 6 r ,  :  4 . 2 2 3 7  r 4 r
l o g ( r o 1 0 . / l ! f  8 n  6 6 6 )  :  r r . 7  5 9 6 2 3 9 ,  c .  g .  s .
l o g ( g 8 r o o o )
log,zi

:  5 . 9 9  r  6 6 9 o
:  5 . 7 6 7 9 5 4 9  k g  p e r  s q c m

/ )  :  5 8 6 o 7 7 . 3  k g  p e r  s ( l c m .  ( t S t ) '

ln t l f i txut l l 's calculat ion of this stress an error of a
dec in ra l  p lace  occurs ,  as  i s  eas i l y  shorvn .  He g ives  tbe
s t ress  as  37ooo tons  rve igh t  per  square  inch ,  narne ly :

, 1 ) t  :  7 j o o o . z 2 4 0  : 8 z 8 8 o o o o  p o u n d s  p e r  s q  i n c h .

l o g  ( 8 z 8 8 o o o o )  :  7 . 9  r E 4 4 9 7
l o g ( 6 . a 5  r 6 .  z . z o 4 6 z 1 3 )  :  r . r  5 3 o o r 4

log Lit : 6.7 6 5 a a8 3
6 '  -  

58z7o4o  kg  pe r . sqcm.

Sondernummer

( r 8 s ) ( ' s r )
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But above rve found 3 : 586o17.3 kg per sqcm, rvhich
is almost exactly one tenth of Maxuell 's valt te.

If rve recall that tl'faxruell used a slightly different value

of f  from that ci ted above, i t  seems certain that he nrisplaced
the  dec i rna l  po in t  in  h is  reduc t ion .

In  pounds per  square  inch  th is  may be  made even
more  obv ious ,  thus :

R  :  8 3 3 5 9 7  4 ,  ( S c e )

IJt - 8288oooo, (11'farute/l)

which exhibits very dist inct ly the nrisplacement
point in Matunl l 's calculat ion.'  

( i i i )  Table of stresses in the aether at
the sun and planets, and at the orbits of the
p lanets  o f  the  so la r  sys tem.

The fol lorving table contains data of much interest, as

revealing to us the actual state of the aether at cr i t ical points

of the solar systern.

. J +

I t  wi l l  be seen that the aether stress is very great near
the surfaces of the larger planets, and especial ly near the
solar surftrce. This stress varies as the square of the force
of  g rav i ty ,  and thus  augments  rap id ly  near  a  la rge  dense
nrass, rvhcre the accelerat ion of gravity becomes very large.
Such a result is in no way remarkable, but on the contrary,
to be expected by any one famil iar rvi th the wave-process
for generating the physical ' forces pervading natt lre.

I t  would be easy to calculate the magnetic stresses by
the  cor respond ing  fo rmula :

/J' -- R',zf gnr

where r?' is the nragnetic accelerat ion expressed in units of
sonre knorvn gravitat ional accelerat ion. Thus to cornpare the
stress due to the magnetic f ield of the earth with gravity
at the earth's surface we use the rat io above found, for such
a typ ica l  s ta t ion  as  Che l tenham,  namely :

I t ' :  I l s : 1 f 1 6 3 5 o o o .

Sondernummer

( r s : )

of  the  dec i rna l

the surfaces of
e igh t  p r inc ipa l

T a b l e  o f  t h e  a e t h e r  s t r e s se s  f o r  t h e  s u n  a n d  n l a n e t s .

{i
( in  cm)

I 'ti
l _

n , :  v , 2 l } n f  :  S t r e r s  l S t r e s s  i n  t t n i t s  o f  t h e  t e n s i l e
'  

, r _ ' r l _  _ ^ _  - ,  ^ . _ \  l s t r c n g t h  o f  s t c e l ,  3 0  t o n s  t o
l r n  K g  p e r  s q  c r n  

i  r h e  ; r l  i n .  :  4 . 7 2 1 6  m e t r i c
tons  pcr  sq  cm

At  the  P lanetary  Orb i ts

t r  l t t ' " : : :  
n i :  s ' ? l 8 r ' r

'  
|  ( in kg per sq crn)

Sun
lVIercury
Venus
The Earth
lrlars
J upi ter
Saturn
Uranus
Neptune

, , ao r ' ?
r  8 8 . o
8 l  5 . s  z
g 8  r . o

3 7 7 . r 4
z 6 z  r . 7
|  |  44 .2
r  3 o 4 . o
r  + 6  q . 6

4 5 3 9 j . 1 4 o o . o

4 6 6 6 6 o . o
5 8 6 o 7 7 . r

8 6 6 2  t . o

4  t 8 5 8 4 . j . o

7  g 7  z 9 8 . o
8  2  2  568.3

r  3 o 6 3 3 6 . o

g 6 o 8  5 . o
4 . 5  5

9 8 . 7  7
r 2 4 . o 5

r 8  3 3
8 8 . 5 . q 6
r  6 8 . 7 . 5
1 7  4 ' 1 o
2 7 6 . 5 o

3 . 9  4 7
r . r 3 o 3 5
o . 5 9 r 4 r
o  2 5 4 7 4
n  n r  r R r R

o . o o 6 4 g g 6 5 o
o . o o r 6 o 5 7
o . o o o 6  5  4 o 4

of  the  ear th ,

o

I

3
A

6

7
6

rvhere r - radius

snme unit,  the integration for the

* q s 2 I
o . 7 7 8 r r
o . 2  r  3 o  r
o . o 3 9  5  r  9
o . o o o 2 9 c 7 o
o . o o o o z  5 7  z 8
o . o o o o o r 5 7 o 3
o . o o o o o o z 6 o 5  r

and s is expressed in the
A

path s : Jds being taken

And as ,?'e occurs in the above equation, rve f ind

that the gravitat ional stress at the earth's sttrface, namely

586o77 k i lograms per  squxre  cent imet re ,  n tns t  be  c l i v ic lcd
b y  t h e  e n o r m o u s  n u m b e r  ( r 6 3 5 o o o ) '  -  2 6 7 1 2 2 . 5  o o o o o o ,
y i e l d i n g  o n l y  t h e  u t t e r l y  i n s e n s i b l e  s t r e s s  o I  o . o o o o o o 2 I g 2 4
k i lograms per  square  cent imet re .  

' f  h is  s t ress  is  in  the

direct ion of the total magnetic intensity. r\nd as the cl ip
is  la rge ly  ver t i ca l  in  the  ch ie f  p laces  o f  the  nor thern  he-

nrisphere, i t  is not remarkable that the earth's northu'ard
pu l l  on  a  suspended magnet ic  need le  i s  p rac t ica l l y  insens i l - l le ,

as fotrnd by observers since the days of Nornon, 1576.
The exper imenta l  de tec t ion  o f  any  mod i f i ca t ion  o f  we igh t

by magnetization, or even a bodi ly deflect ion of a suspended
rnagnetic needle from the vert ical,  is therefore very dif l icult
in the magnetic f ield of the earth, rvhere the stresses are so

feeble compared to the enormous stress due to gravitat ion.
( i") Definite proof thxt gravitat ion is propagated rvith

the  ve loc i ty  o f  l igh t  deduced f rom the  connect ion  es tab l i shed
between magnet ism and grav i ta t ion .

r.  We have now shorvn t l-rat so far as the rnagnetism
of  our  g lobe is  regu la r  a  de l in i te  conncc t ion  ex is ts  l re t rvecn

the mean total force of terrestr ial tnagnctism in any lat i t t tdc

and the accelerat ive force of gravitat ion at the earth's sttr-

face ,  th rough the  equat ion :

I l s :  q2  ( rz f  s2-+12 l t ' ' )  :  ( r i  rao8.  rz )2  ( rz f  s2- r r2 f  s '2 )  ( t+ )

along the l ine of the magnetic force, from the place of ob-

!
serya t ion  a  to  the  po le / ,  and s , :  Jds ,  to  the  o ther  po le  p , .

o

2. I t  fol lorvs frorn this l ine of argument:

a) ' l 'hat art i f ic ial magnets are produced by the con-
certecl rvave-action oI electr ic currents, in coi ls oI wire such
ts Atnf i t ' t  f i rst rvound about tbe bars being magnetized -

the  a toms hav ing  the i r  equators  l ined  up  para l le l  to  the
equator ,  o r  p lane perpend icu la r  to  the  bar 's  ax is  a t  i t s  cen t re .

b) The magnetic force is due to stress in the aether,
nnder vort ical rotat ion of the aetherons about the l ines of
force, as the magnetic waves travel outward with the velocity
of l ight. This nragnetic force bein,g due to a state of stress
in the aether is propagated across space with the same
ve loc i ty  as  the  e lec t rodynamic  rvaves  genera t ing  the  magnet ,
which l ias been found by many carefui experimenters to be
ic len t ica l  rv i th  the  speed o f  l igh t ,  -  3ooooo k rn  per  second.

3. Norv i f  a real connection exists between terrestr ial
magnetism and gravitat ion at the surface at the earth, as

shorvn  in  th is  paper ,  -  t f  r4o8 par t  o f  the  a toms be ing

P
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l ined up in paral lel planes, and giving the attract ion directed
to  the  two po les ;  the  res t ,  r4o7f  r4o8,  o f  thern  ly ing  hap-
hazrrd, with their planes t i l ted at ai l  possible angles, and
giving only a mean stress towards the centre of the whole
mass - then, i t  wi l l  fol low that gravitat ion necessari ly is
transmitted rvith the velocity of l ight. For this velocity cer-
tainly is true of the waves generating rragnetisnr, and as
magnetism is definitely connected with gravitat ion, this latter
force must of necessity be transmitted across space rvith the
same ve loc i ty ,  namely ,  I / :  3 .  ro lo  cm.

4. The investigation of the connection between the
magnetism of the earth and terrestr iai gravity norv shorvn
to exist,  is therefore of the deepest interest, because i t  fur-
nishes a definite proof that the universal gravitat ion, which
governs the motions of the planets in their orbits, is trans-
mitted rvith the velocity of l ight. ' fhis is another proof that
gravitat ion is due to wave-action in t ire aetl ier, because the
velocity of transmission deduced from the connection with
magnet ism cor responds to  such waves .

In  the  Ba l t imore  Lec tures ,  rgo4,  Append ix  F ,  ( repr in ted
f rom the  Proc .  I {oy .  Soc . ,  vo l .  8 ,  June,  r856;  Ph i l .  X4ag. ,
March, r 8 5 7 ) Lord I{e luin treats of -I"hradalt's discovery,
1845,  o f  the  ro ta t ion  o f  a  beam o f  po la r ized  l igh t  rvhen i t
i s  passed th rough heavy  g lass ,  carbon d isu lph ide ,  e tc .  a long
the  pa th  o f  a  rnagnet ic  l ine  o [  fo rce .  1 'h is  d iscovery  i s
fundamental in niagnetisrn, ancl by al l  competent authorit ies
ranked among the most rvonderful of Faradalt 's discoverics.

Yet although over three fourths of a ceniury have norv
elapsed since l iaradal 's discovery, the only investigators rvho
have studied i t  from the dynarl ical point of vierv are Keluin,
1856; Martucl l ,  r87 3; and the present writer, r  g r 7. 

' I 'he

work of Kcluin and Maxruell was incomplete, yet extrenrely
suggestive. ln fa<:t,  since their investigations led to the ex-
p lanat ion  o f  the  cause o f  magnet ism out l ined  by  rne  in  rg r7 ,
and that cause is now definitely demonstrated, i t  is well  to
recall the reasoning of both Keluin and lllaxtuell.

I{cluin inferred that >the rnagnetic inf luence on l ight
discovered by -| ' -aradalt depends on the direct ion of motion
of moving part icles<, and that >Faradal 's optical discovery
affords a demonstrat ion o[ the real i ty of Auplrc's exlt lanation
of the ult iurate nature of magnetism( - corresponding to
the wave-theory.

After discussing I lan*ite's hypothesis of nrolecular
vort ices, which he had himself developed at lengrh, I{cluiu
f ina l l y  conc ludes :  > I  th ink  we have good ev idence fo r  the
opinion that some phenomenon of rotat ion is going on in
the magnetic f ield, that this rotat ion is perforrned by a great
number of very small  port ions of matter, each rotat ing on
i ts  own ax is ,  th is  ax is  be ing  para i le l  to  the  d i rec t ion  o f  the
magnetic force, and that the rotat ions of these dif ferent
vort ices are made to depend on one another by nreans of
some kind of mechanism connecting them.< ' l 'his 

is .Ktluin's
early descript ion of what is norv the wave-theory.

I O .  ' I ' h e  
D e g r e e  o f  A c c u r a c y  o f  t h e l - a r v o f  t h e

I n v e r s e  S q u a r e s  f o r  G r a v i t a t i o n  a n d  f o r  N l a g n e t i s n r
r e s p e c t i v e l y .

,  ( i)  The accuracy of rhe larv of the inverse squares for
gravitat ion.

Sondernummer 2 5 6

In  AN 5048,  p .  t44- r54 ,  we have examined the
degree of r igor which may be assigned the Neatonian law
of the inverse squares, and found that whilst the larv certainly
is very accurate, yet the exponent is not accurate beyond
the  ten-mi l l ion th ,  o r  seventh  dec ima l  p lace .

( " )  In  the  As t ronomica l  Journa l ,  vo l .  r4 ,  r8g4,  p .  49 ,
Prof. t | .  I Ial l  considered the admissible change ofexponent to
account for the nrotion of IUercury's perihel ion. After weighing
the evidence careful ly I lal l  ad,opted the modif ied law:

1 :  2 1 p , f  1 2 . o o o o o o 1 6 .  ( r s + )
' fh is  p laces  the  uncer te in ty  in  the  seventh  dec ima l  p lace

of  the  expor - ren t ;  and i t  i s  imposs ib le  tb r  r rs  to  deny  the
adnr iss ib i l i t y  o f  such a  change.  l io r  the  who le  n ta t te r  rvas
srrbseclLrently revierved by Ncwconb, (Astronontical Constants,
r895,  l ) .  r  r8 )  who adopted  the  same fo rnr  o f  la rv ,  bu t  car r ied
the  deve loprDent  to  h igher  dec i rna l  p laces :

/ 
- tttttt'f rz oooooot 574 . ( ' q s )

In  r -ny  o rvn  exanr ina t ion  o f  th is  ques t ion ,  AN 5o48,
p. r 48, I  f ind that rvhen account is taken of LI/e bcr 's. law,
rv i th  thc  sura l l  te rn rs  resu l t ing  f ro rn  the  propagat ion  in  t ime,
the  most  p robab le  exponent  does  no t  exceed the  fo l low ing :

f 
-  mn/fr2.ooooooIo.lo ( ' s 6 )

Since the  au thor  p repared the  second paper  on  t i ie
Nerv ' l ' heory  o f  theAether ,  AN 5o48,  Dr .  Grossnat iz r  o l - t r lun ich ,
bas very carcl ir l ly tested the outstanding dif ference ol- 41;, in
t lre rrrot ion of Nlercury's perihel ion found by t\Teucottb, tES t,
and f inds ,  (AN 5  r  r5 )  tha t  the  t rue  ou ts tand ing  d i l le rence
very  p ro i rab ly  l ies  be tween zg '  and 38o,  bu t  in  no  case w i l l
a t ta in  43"  per  century ,  as  so  long assurued.

Norv as the srral ler terrns in l [1, l ter 's law arl ]ount to
-+r4!5 for the motion of l \ , Iercury, i t  fol lorvs that with 6-zzss-
i lartzt 's resrr l ts the dif f 'erence to be :rccounted for would be
betrveen -+- t  4i 5 and - l  z 315 per century. ' I 'his 

leads to residuals
sn ia l le r  than was used to  ge t  n ly  exponent  z .ooooooro46,
w h i c h  r v a s  [ O a ] r o  :  - + z B ! 4 4  ( A N  5 o a 8 ,  p .  r 4 8 ) .  A n d  h e n c e
tyitlt Grossuuzrzzi's outstanding nrotion, and LI,'elter's larv (tbis
latter is nccesslry in any case), the exponent rvould be less
t h a n  z . o o o o o o r o 4 6 ,  -  t h e  a x a c t  a n i o u n t  d e p e n d i n g  o n  t h e
adopted centennial dif l 'erence fda]uo taken by me at -t-zgl++.

trtal i ing thir al lorvances for the obvious uncertainty in
this outstanding dif ference, I  think i t  certain that the ten-
nri l l ionth place of the exponent probably is accurate, narnely:

f  
-  r t n  f  7 . t " ,  v :  o . o o o o o o ,  ( r S Z )

br r t  the  hundred- rn i l l i on th  p lace  is  in  doubt  by  a t  leas t  3  un i rs ,
s o  t h a t :  r ,  :  o . o o o o o o  r  o  - 1 -  o . o o o o o o o 3  .  ( ,  S A )' l ' i re  

uncer ta in ty  in  th is  exponent  there lo re  i s  o f  the
order  o f  th ree  one-hundred- rn i l l i on ths ,  and i t  i s  no t  easy  to
see how we c ln  leach a  conc lus ion  au thor iz ing  a  smal le r
va lue  o f .  th is  uncer ta in ty .

No iv  in  h is  address  to  the  Br i t i sh  Assoc ia t ion  in  Aus t ra l ia ,
r g r 4, p. q r 6, Prof. E. L[/ .  -Brount, of Yale University, est irrates
that the exl)onent in the larv of, gravitat ion does not dif fer lrom
z by  a  f rac t ion  grea ter  than r  :  4oooooooo :  o .oooooooo2 (
-  rvh ich  is  a t  leas t  ten  t imes smal le r  than the  uncer ta in t !
incl icated above. Brouu's premises are open to grave objections,
in that he assumed the Arewlotnan larv to be quite r igorous,
and adopted an oblateness of the earth of about r :  zg4,
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which  is  no t  admiss ib le ,  (AN 5048,  pp .  r49- r5o) ,  beca i rse
in  AN 5  r  o3-S r  o4 ,  I  have shown tha t  the  most  p robab le
ob la teness  o f  the  ear th  i s  r  :  298.3

l 'he estimated higher accuracy of the larv of attract ion
adopted by f lrou:n therefore is not just i f ied by the exist irrg
state of our knos' lcdge. In fact the f luctuati-ons of thc nroon
cont inuc  to  i re  so  t ro t tb lesome tha t  ca lcu la t ions  on  thc  mot ion
o[  the  per igee do  no t  g ive  as  exac t  a  c r i te r ion  to r  thc  cx-
ponent  in  the  la rv  o f  a t t rac t ion  as  rve  fo rmcr ' l y  be l ieved.

A l l  rve  can do  a t  the  present  t ime is  to  say '  tha t  the
exponcnt does not dif fer from z by' s1n." than alrout one-t\ \ 'cnty-
mi l l ion th  o f  the  s 'ho le ,  o r  o .oooooor ,  rvh i le  the  r rncer ta in ty  i s
about  th ree  in  the  hunc l red  mi l l ion th  p lace ,  o r  J -  o .ooooooo. j .

I t  fo l lo rvs  f ronr  th is  l ine  o f  reason ing  tha t  the  la rv  o f
g rav i ta t ion  is  es tab l i shed rv i th  very  g rea t  accurac) ' . .  I t  i s  by
fa r  the  most  exac t  o f  a l l  the  la rvs  o f  na ture ,  becausc  as t ro -
nonr ica l  observa t ions  ex tend over  long ages ,  and the  prec is ion
of the observations is very high for about trvo centuries' In
the case of ecl ipses of the sun and moon the records are
fair ' ly complete for 3ooo years, and thus they serve to check
astronomical calculat ions back to the t ime of the I labylonians.

( i i )  The accuracy  o f  the  Iaw o f  the  inversc  squares
for magnetism.

In  the  ) 'ear  r  g t4 ,  I  made a  care fn l  es t i r ra te  o f  the
accuracy  ass ignab le  to  the  law o f  g rav i ta t iona l  a t t rac t ion  in
Ncrulon's t ime, and found that i t  s 'as of the orcler of one
U n i t  i n  t h e  t e n - t h O r 1 s " . . l t h  n l n n p  n f  t h p  C x p o n e n t ,  t h u s ,
n :  2 . o o o t  f  o . o o o I .

I t  f o l l o r vs  f r o rn  t he  f o rmu lae  f o r  t he  ca l cu l a t i on  o f  t he

motion of the perihel ion (cf.  I ' isstrand's i \ lecani<1uc Cdleste,
tome r ,  p .  5o) ,  tha t  the  exponent  z .oor  rvou ld  s ive  a  d is -
p lacement  o f  a  p lanet ' s  per ihe l ion  amount ing  to  d tz  -  6aE"  in
a  s ing le  revo lu t ion .  In  the  same way the  exponent  2 .ooor
wou ld  y ie ld  a  d isp lacement  o f  6418,  a  l i t t le  over  r ' ,  rvh ich
is about as high an order of accuracy as was attainable in
Nctutotis time.

If  norv l* 'e turn to the law of nragnetic attract ion, rve
find a similar history of progress. In the t ime of Airrulon
the  law o f  magnet ic  a t l rac t ion  had no t  been de ternr inec l ,  nor
even surmised n , i th  any  degree o f  p robab i l i t y .  Accorc l inq ly ,

fohn Michi l l  of Cambridge, England, in r75o, f i rst shorved
roughly that the larv oI the inverse squares probably holds
for magnetic attract ion. ' I 'his larv rvas much more r igorously
establ ished by the ! ' rench physicist Coulonlt,  in r 7 8 -5, by
mean l  o f  de l i ca te  exper iments  w i th  the  to rs ion  ba lancc ;  and
it has since been general ly received as a true law of nature,
so that we ha'e 1: p,1t,fr2.

The general theory of magnetic attract ion rvas sut)-
sequently improved by f{ans tem, of Copenbagen ( I \ la gn et i  smus
der  Erde,  r8 rg) .  Yet  i t  i s  lo  Gauss ,  above a l l  o thers ,  tha t
\ \e  o \ \ 'e  the  rea l  tes t  o f  the  la$ 'o f  magnet ic  a t t rac t ion ;  fo r
this great mathematician made a srlccessful effort to f ix the
law of nature rvith a degree of r igor con.rparable to that of
universal gravitat ion in the t irne of Arcu/on.

Garzss carr ied out a series o[ end-on observations rvith
bar magnets in rvhich the density of the magnetisrn for either
half oi the bar \ l 'as assumed to have the fomr:

B d .  z r 7 .
. f : ) . r " ( ' s s )
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Gouss took the florce due to an e]ement of positivei
rnagnetism cl;r, ,  at the distance ,1), to have the general form,
( In tens i tas  V is  I \ , Iagnet icae ,  e tc . ,  r  833,  \  z  r ) :

-f : dplD" ( z o " )

rvhere zz rnay be any number rvhatever.
As the result of a long series of del icate experiments,

on a n: lagnetized needle, by means of f ixed magnets about
a foot )ong and rveighing about one pound, he found that
rvhi ' f  e lar ious values o( n may be almost equally rvel l  adopted
for  spec ia l  cases ;  ye t  when the  d is tance be tween the  two
magnets is srr l f ic iently great, compared to the l inear dimen-
s ions  o f  e i ther ,  -  u l t in ra te ly  taken as  more  tban four  t imes
as great, in the experiments f inal ly devised by Gauss, - the
bes t  resr r l t s  ind ica ted  tha t  the  t rue  va lue  is  n :  2 .

I f  the  de f lex ions  in  the  end-on exper iments  were  de-
noted  by  @,  and in  the  broads ide-on exper i rnents  by  (D ' ,

tbe  pos i t ions  o f  the  de f lec t ing  magnet  a re  g iven by  the  genera l
express ions :

tg@ :  L1  7-h* t ) -+ -Lz  r . - ( 'n ' rz ) * .  .  -  -+ -L i r -@-+ i )  / - ^ - l
t [@,  :  1 , ) r  r . - tnnr ) -+L ,z r - (n -+z)n  .  .  . *L , i r -Q*r1  \2o | )

where ,[,1f ./.'t : 2 .

His otrservations, horvever, required but few ternrs of
the series, and rvere satisf ied by the approximate fornrulae:

t g @ :  o . o 8 6 8 7 o  r - 3 - - o . o o z  r 8 5  r - 5

t g ( D '  :  o . o 4 3 4 3 5  r - 3 1 - o . o o z 4 4 g  r - 5  ,  Q o z )

If  r  be the distance between the centres of the mag-
nets, measured in metres, and (Do, (I) 'o, and (D", ( l) '"  be the
observed and ca lcu la ted  va lues ,  respec t ive ly ,  the  exper iments
o f  Gauss ,  l cad  to  the  fo l low ing  tab le  o f  resu l ts :

,  , l to f io -tI '" O'o iD'o-(D'"

r .  r  n r  ro  57 '  24 !8  -+  z i \
r . 2  |  2 9  4 o . S  -  6 . o
r . 3  z "  1 1 ' 5 r i z  i *  o 1 8  r  r o  r g . 3  - 1 - 6 . o  I
t . 1  t  4 7  2 8 . 6  - +  4 . 5  o  5 5  5 8 . S  - r o . 2

r . 5  |  2 7  r g . r  -  9 . 6  o  4 5  r 4 . 3  - 6 . 6

t . 6  t  1 2  7 . 6  -  3 . 3  o  7 7  r 2 . 2  - 3 . 2

1 . 7  r  o  9 . 9  -  5 . o  o  3 0  5 7 . 9  - r . 2

r . 8  o  5 0  5 2 . 5  - r  4 . 2  o  2 5  5 9 . 5  - 3 . 4

r . 9  o  4 3  z r . 8  - { -  7 . 8  o  2 2  9 . 2  - + 2 . 6

2 . o  o  3 7  1 6 . z  - f r o . 6  o  r g  t . 6  + 5 . 9
2 , r  o  32  4 .6  -1 -  o .9  o  16  24 .7  -+  4 .9
2 . \  o  r 8  . 5 r . 9  - r o . z  o  g  3 6 . r  - 2 . s

3 . o  o  r r  o . 7  r . r  o  5  3 . 3 . 7  - o . 2

3 . 5  o  6  5 6 . 9  
-  o . 2  o  3  2 8 . 9  - r . o

4 . o  o  4 3 5 . 9  - 3 . 7  o  2 2 2 . 2  - + - r . 7

Thbse who have studied this subject careful ly have
found in the above table a double proof of the law of the
lnverse  Sq l la res :

r.  
' fhe 

fact that tg@ and tg@' can be so accurately
expressed by only the f irst trvo terms of the inf inite Series
i n  ( z o r ) .

2. ' fhe fact that the coeff icient of the f irst term in
tgC) ,  namely  o .o8( r87o,  i s  exac t ly  doub le  tha t  in  tg@' ,  wh ich
i s  o . o 4 3 4 3 5 .

As a result of the great general i ty of this analyt ical
theory, together rvi th the novelty of the experimental method,
for treating the laiv of force at great distances, where minor
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imperfections in the magnets would be minirnized, and the
refinement of the observations made by Gauss, the larv of
the inlerse squares has been regarded as definitely sett led
by his researches. Accordingly, i t  seems certain that the
exponent in the expression for the law of magnetic attract ion
is u, with a probable uncertainty of not more than one unit
in the ten-thousandth olace:

n :  2 t y  2 < o . o o o l

n :  2 , o o o o t o . o o o r  ,

Thbrefore, i t  appears probable that the exponent in
the law of force in magnetic attract ion is knorvn to within
about a thousandth part of the accuracy attainable in the
refined theories of the heavenly motions developed by the
labors of astronomers in the two centuries fol lowing the
men"rorable epoch of Netaton.

' I 'he law of magnetic attract ion is therefore exceedingly
accurate, and with modern apparatus, the rel inement doubt-
less could be carr ied st i l l  further: but i t  would serve l i t t le
purpose in the present state of science, as the true larv of
na ture  a l ready  is  p la in ly  ind ica ted .

For i t  appears fronr the above analysis of the leading
facts that the exponent in the law of magnetic attract ion
has  about  the  va lue  i l :  2 .ooor ,  essent ia l l y  iden t ica l  rv i th
the  accuracy  n  :  2 .ooor  a t ta ined in  the  tes t  o f  the  la rv
of gravitat ion embodied in the Principia by Ntuton, r687.
If  this degree of accuracy appeared satisfactory to Neulott, .
in the case of gravitat ion, the accuracy attained by Gauss
for magnetic attract ion leaves very l i t t le to be desired.

I  I .  E x p l a n a t i o n  o f  t h e  P e r i o d i c  a n d  S e c u l a r
C h a n g e s  i n  t h e  l , a r t h ' s  N l a g n e t i s m ,  i n c l u d i n g  t h e
C a u s e  o f  t h e  E a r t h  C u r r e n t s , ' M a g n e t i c  S t o r r n s ' ,
a n d  A u r o r a e .

In the theory of magnetism a considerable group of
errors have been handed down by tradit ion. Although sonre
of them have been refuted several years ago, they st i l l  continue
to f ind place in even ttre latest treatises. l t  is therefore
necessary to dwell  at some length on these errors, in the ho1;e
of giving increased currency to val id viervs on this subject.

( i)  Correction of the error in I lo1,/ 's analysis of r 858:
Direct magnetic act ion of the sun and moon establ ished by
Llold's observations.

In  the  Ph i losoph ica l  Magaz ine  lo r  Iv la rch ,  r858,  I ) r .
Ifintfhrclt Lloyd, for many years professor of natural philo-
sophy, and afterrvards provost of 

' l r ini ty 
College, I)ubl in, has

a learned paper  en t i t led :  >On the  .d i rec t  rnagnet ic  in l luence
of  a  d is tan t  luur inary  upon the  d iu rna l  var ia t ions  o f  the
magnetic force at the earth's surface<(, rvhich rvas afterwards
reprinted in Lloyd's 

'- [ ' reatise 
on l \ ' lagnetisnr, (Longmans, Green

& Co. ,  London,  r874,  p .  233-z39) .
lVe shai l  revierv Lloyd's paper brief ly in order to point

out the error of analysis which vit iates the conclusions drarvn
from it .  ' fhese 

unjusti f iable conclusions have been widely
circulated in other works, such as the lr{athematical ' I 'heory 

of
Electr ici ty and iVlagnetisnr (3'ded., rgrO) by Dr. J. I f .  Jtans,
now secretary of the Royal Society, and are detr irr-rental to
the progress of physical science.

Dr. Lloyd begins his discussion with the follorving
interesting introductory remarks:

( r o ; )
or
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)I t  has been usual to ascribe the ordinary diurnal
variat ions of the terrestr ial magnetic force to solar heat, either
operating direct ly upon the magnetism of the earth, or gene-
rat ing themro-electr ic currents in i ts crust. f 'he credit of
these hypotheses has been somervhat weakened by the dis-
covery of a variat ion which is certainly independent of any
such cause, namely, the lunar variat ion of the three rnagnetic
e le rnents ;  wh i le  a t  the  same t ime new laws o f  the  so la r
diurnal change have been establ ished, which are deemed to
be incon.rpatible with the supposit ion of a thermic agency.
' fhere has been, accordingly, a tendency of late to recur to
the  hypothes is  tha t  the  sun and moon are  thenrse lves  endued
wi th  n ragnet isnr ,  rvhe ther  inherent  o r  induced;  and i t  i s  there-
fore of some importance to deterntine the effects rvhich such
bod ies  wou ld  p roduce a t  the  ear th 's  sur face ,  and to  compare
then i  w i th  those ac tua l l y  observed. (

> I  have endeavoured,  in  rvhat  fo l lows,  to  so lve  th is
ques t ion ,  on  the  assumpt ion  tha t  the  supposed rnagnet ism o f
these luminar ics  i s  inherent .  ' I ' he  

resu l t  w i l l  show the  in -
su f f i c iency  o f  the  hypothes is  to  exp la in  the  phenomena;  and
rvi l l  therelbre bring us one step nearer to their exyrlanation,
by  the  renrova l  o f  one o f  the i r  supposed causes . (

l{e then derives the usual exltressions for the total
forces ,Y, Y,Z, exerted by a needle t lel icately suspended about
i t s  cen t re  o f  g rav i ty  upon a  d is tan t  rnagnet ic  e lement  r , ' r
supposed to  be  in  the  heavens:

y :  ( t t n fa r )

1' : (,rlf nf o3)
2 : (,lf at f at\)

z cos a -+- 3(b f a) cos p -+ 'a(6 
f ,z) cos y)

- c o s B - * 3 ( / f  a )  c o s a )  ( r " + )
-cosy-r 3Qfa) cosa) .

Here .LI is an integral,  which we need not explain,
a, I ,  c are the coordinates of the distant magnetic element
u, and (v, P, f  the angles made by the axis of the suspended
terrcstr ial  lnagnet with the coordinate axes.

L/01'd then proceeds to substi tute in these expressions,
say ing :  > I f  1 )  denote  the  d is tance o f  the  cent re  o f  the
niagnet fronr the centre of the earth, r the earth's radius,
L t lrc lat i tude of the point (a, b, c) on i ts surface, and d
the angle contained by the meridian passing through i t  with
tha t  con ta in ing  the  ac t ing  magnet ,

a -  J ) - r '  c o s T , c o s d '  / : r c o s l s i n d  c - r s i n l . o  ( 2 " 5 )

l le thus makes the coordinates a, b, c to depend on
the  hour  ang le  d ,  and thus  tac i t l y  res t r i c ts  a l l  changes to
the period of t i re diurnal urovement. l l is analysis is so framed
as to  exc lude the  poss ib i l i t y  o f  a  senr i -d iu rna l  movement
o f  the  suspended need le .  Yet  he  procceds  to  examine the
effect of his ar.ralysis, f inal ly adding the tbl lorving conclusions:

)r.  ' I 'hat the effect of a distant magnetic body on
each of the three elernents of the earth's magnetic force
consists of two parts, one of which is constant throughout
the day, while the other varies rvith the hour-angle of the
Iunr inary .  <

>2.  Each o f  these par ts  var ies  inverse ly  as  the  cube
of  the  d is tance o f  the  rnagnet ic  body .<

) 3. The variable part wi l l  give r ise to a diurnal
inequali ty, having one maximum and one minirnum in the
day, a'd subject ," ,)"r;T;:: 

" 
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>The third of these laws does not hold, with respect
either to the solar-diurnal or to the lunar-diurnal variat ion.
Thus, in the solar-diurnal variat ion of the decl ination, the
changes of posit ion of the magnet throughout the night are
comparatively small ,  and do not correspond, with change of
sign only (as required by the foregoing law), to tbose rvhich
take place at the homonymous horrrs of the day. ' lhe phe-
nomena of the lunar-diurnal variat ion are e1'en more olrposed
to the foregoing larv, the variat ion having two maxinra and
two minima o[ nearly eqnal magnitude in the trventy-four
lunar hours, and i ts values at homonymous hours having for
the  most  par t  the  same s ign .  Hence the  phenomena o f  the
d iu rna l  var ia t ion .  a re  no t  caused by  the  d i rec t  n ragnet ic
action of the sun and moon.<

This is one of the most curious specimens of deceptive
reason ing  wh ich  I  have ever  met  w i th  in  phys ica l  sc ience.
If  Llo1,d had used the angle zd instead of 6, in the polar
expressions for the coordinates a, b, c, so that

4 : p - 7 c o s r " c o s 2 d  b - r e o s ) " s i n z 0  c - r s i n ) "  ( z o 6 )

it  is evident that the disturbing action resnlt ing would have
had a semi-diurnal period, in accordance rvith nragnetic ob-
servations, and with gravitat ional act ion in the theory of the
tides of our seas.

In  the  theory  o f  our  ocean t ides ,  the  ang le  zd  is  uscd
to represent the semi-diurnal forces acting on the sea (cf.
Dartoin's art icle Tides, I incycl.  Bri t .) .  ' I -he 

rearler is also
re fer red  to  the  d iscuss ion  in  AN 5o7 g ,  p1 . ' .  267-27o,  rvhcre
Daruin's f igrrre of the semi-diurnal movement of a penclulunr
wil l  be found useful,  in interpreting the fol lon' ing masnetic
observations by Llol 'd himself:

Lunar inequal i ty o f th e easterl y force (7 ) at. D ttl>lin (L / 01, r/, p. r g 7 ).
7) :  easterly force !:  eastcrly force

Lunar nours VCarsumrner lunat ions rv inter  lunat ions /  - - '

- 1 2  - o . l g  - o . o g  - - o . 1 4
- r o  - o . 2 r  - o . o 8  - o . r 5
-  8  - o . o 6  - 1 - o . o 2  - o . o ?
-  6  -+o .og  J -o .og  - l - o . og
-  4  - f o . r 2  - r - o . r 3  - F o . I j
-  2  -+  o .o8  -  o . o  r  - l -  o . o3

o  - o . o 6  - o . o g  - o . o 8

r -  2  - o . o 4  - o . o 7  - o . o 5

- f  
4  - f o . o s  - o . o 2  1 - o . o r

-}- 6 -f o. r 7 
-{- o.o8 -t- o.r 2

-1 -  8  - 1 -o .o6  - f o . o7  - f o . o7

- + - r o  o . o o  - o . o 5  - o . o 3

Lunar inequality of the northerly force (!) atDtrblin (Lto1,d, p. t g g).
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I-unar inequality ofthevertical force (f) at Dublin (ZUya,p. zoo).
Lunar  hor r rs  ( :  ver t i ca l  fo rce Lunar hours 6: vertical force
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-  t 2
-  r o
- 8

-1- o.o 5
-F  o .oo

o . o o

o
t 2
+ A

-+- 6
-r-- 8
-l- ro

' f  o .o  2
- ro .o2
- o . o I
- o . o 6
- o . o r
-+- o.o r

- ' 6  - o . o 2
-  4  - o . o 7
-  2  - f o . r o

Lunar hours f :  north.er ly  forcc [ :  no.11,"r ly  forcc
summer lunat ions winter  lunat ions

l? iq.  6,  | )aruin 's d iagram of  the semi-diurnal  mot ion ot  a
pcndrr lum, rv i th the hours indicated,  lat i tude 3o".

( i i )  I ) iscovery of  the magnet ic t ide by l { re i l  at  Prague,
r84  r ,  and  by  f  .  A .  B ro rn  i nd ,ependen t l y ,  r 845 :  Remarks
of Airy.

' l ' he  
d iscovery  by  I { t ' r i l ,  r84r ,  tha t  there  is  a  t rue  t ide

in  the  eer th 's  n ragnet ism,  depend ing  on  the  moon,  has  long
been recogn ized,  and need no t  be  fu l l y  d iscussed here .  I t
srrf f ices to refcr to Sltuart 's elaborate discussion of ' ferrestr ial
Ir{agnetisrn in the art icle l \ ' leteorology, l incycl.  Bri t . ,  9th ed.

' l ' he  
ex is tence o i  th is  t rue  magnet ic  t ide  depend ing  on

the moon, was indepcndently discovered by /.  A.I lrottn, 1845,
and ful ly confirnred by the elaborate magnetic researches of
So.hint. 

' fhc fact of the rnagnetic t ide thereforc has been
knorvn lcrr about eighty years; yet i t  has never been explained
except by the nerv theory of magnetisnt here set forth, and
depend ine  on  the  equat ions  fo r  the  ponc le romot ive  fo rces :

F- 1t,1t ' ' f  s2-1t,1t, ' f  s '2, 1ir :  p,1t ' f  s '2-l . , ,p' ls2. (r" l)

\Vhen attention was directed to the effect of the changing
distance of the moon from the earth, both Sobine and Brottt
found the obscrved changes greater for perigee than for apogee.
In fact when f iroutt made an exact analysis of the mean
ratio of the apogee effect to the perigee effect, he found i t
to  be  as  I  to  t . z4  near ly .  Examin ing  in to  the  cause o f  th is
d i f fe rence he  no t iced  tha t  the  d is tance o f  the  ha l f  o rb i t  near
apogee is  to  tha t  near  per igee very  near ly  as  r .o7  to  r .

IJroun then adds that t idal forces vary as the cube of
the  d is tances ,  and the  cube o f  r .o l  i s  r .z . j  near ly .  As  th is
inference from analyt ical theory thus agrees very perfect ly
rvith observations, he rvas left  in no doubt as to the real i ty
of the suspected t ide in the earth's magnetism depending on
the rnoon.

Although a true t ide in the earth's magnetism has been
known for over 8o years, i t  is a singular fact that investi-
gators have had great dif f iculty in interpreting the meaning
of these t ides. We bel ieve that most of the dif f iculty has
arisen from tradit ional errors in the theory of magnetism
itself ,  as we shal l  now proceed to explain. 
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.  I t  appears that among al l  his eminent contemporaries
Airy alone - probably as the result of his great rvork on
Tides and Waves, - was able to interpret the magnetic t ides
of the earth correctly. In his Treatise on ivlagnetistn, r87o,

p. zo6, Airy recognized >a true lunar t ide in trregnetistrr,

occur r ing  tw ice  in  the  lunar  day ,  and showing '  rnagnet ic
attract ion backward and -forward in the l ine fron the l{ed
Sea to  Hudson 's  Bay<.

In view of the cattse of magnetistn set lorth in the
present paper i t  rvould be dif f icult  to overrate this analysis
of Airy. First,  he assigned to a magnet a >l)ual i ty of Porvers<<,
- an attract ion towards the t\ to centres knorvn as the polcs -

and second, he says dist inct ly that the force of the earth's
magnetism directed to the north pole near Hudson's I lay is

var iab le  a long the  l ine  o I  the  magnet ic  n rer id ian  d i rec ted
through Western Europe to the Red Sea.

In our new theory of the ponclerourotive forces of the

earth's f ield, we found the formulae:

I i :  lnp' ls2- lrp' ls '2, 1;r :  ppotf st2-p1t!f  s).  (r" l)

Now i f  under  the  rad ia t ion  o f  the  nroon or  s r rn  nny  ac t io l t
i s  exer ted  upon the  ear th  to  change the  re la t i ve  in tens i ty  o f
either pole, the forces 1- ancl -1'- '  rvi l l  vary corresl)ondingly.
Under these circunrstances the ponderolnotive forces cannot
poss ib ly  re rna in  cons tan t ;  and the  res t t l t  necessar i l y  i s  a  t rue
Iunar  magnet ic  t ide  occLt r r ing  t rv ice  da i l y ,  accord ing  to  rv l i i ch
ever pole tentporari ly is ruost ytorverful,  thus sirorving nragnetic
attract ion backward and forrvard in the l ine fronr the I{ed
Sea to  the  nor th  magnet ic  po le  near  Hudson 's  Bay .

In  the  case o f  the  sun the  changes o f  the  ear th 's  mag-
netic f ield dtte to heat and the nragnetic rvaves in the earth's
i l lurninated hemisphere are so very considerable that the
phenomena are  somewhat  invo lved.  In  the  case o f  the  moon 's
action the effects are sirnpler, though much fbebler.

Airyt al6t that the lunar magnetic f  orccs are considerably
less  than those wh ich  lb l lo rv  the  la rv  o l ' so la r  l tours ;  t l te  t .nean
d iurna l  so la r  inecpra l i t y  be ing  about  t  f  6oo  o f  t l te  l ro r izon ta l
fo rce ,  wh i le  the  lunar  i s  on ly  r  f  t  rooo.  ' l ' hus  t l re  so la r  in -
f luence is approxinrately :o t inres nrore porverful than that due
to  the  nroon.  ' I ' h is  resu l t  need ca t lse  no  surpr ise  in  v ies 'o f
the  recent ly  measured h igh  in tens i ty  o f  the  sun 's  u ragnet ism.

(i i i )  ' l 'he cause of E,arth Currents, 
' \{agnetic 

Storms',
and the Aurorae.

The explanations of the Aurora Boreal is heretofore
put forth are art ihcial,  incomplete or t tnsatisfactory. ' fhey al l
involve something unusual, or out of the ordinary, and t l)ere-
fore must be rejected as inconsistent with the simplici ty of
the  la rvs  o f  na ture .

We propose to develop the magnetic rvave-theory of the
Aurora, and shal l  endeavor to shorv that this phenomenon
rnay be easi ly understood as soon as we approach ttre problern

from the r ight point of view.

r. About r85o i t  was shorvn by Lanont, Wolf,  Gauti tr
and Sabinc that there is some extraordinary dependence ofthe
ampli tude of the magnetic disturbances, or 

'Xtagnetic 
Stornrs',

of our globe upon sunspots. 
' I 'he ampli tudes of the nragnetic

disturbances fol lorv the same law as the sunspots, in a cycle
o f  about  r r  years ,
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z. I lut althor.rgh this periodic niagnetic connection has
been knorvn r low over ?o years, and u'e might properly have
attr ibuted high magnetic power to the sun, yet we could not
nake out the mode of operation of the rnagnetic forces, even
af te r  the  N lount  Wi lson  observers ,  about  r9o8,  had ob ta ined
a be t te r  and more  d i rec t  p roo f  o f  the  in tense rnagnet ism o f
the sun's .globe.

q. \Ve l)ause therefore to unfold a clear vierv of the
disturbance knorvn as an electr ic current ' rvhen i t  is developed
in  a  dynarno o f  the  s i rnp les t  type .  In  r \N  5o79,  p la te  6 ,  we
have ex1> la ined in  some deta i l  the  lvave f re ld  about  a  rv i re
bear ing  t  cur ren t .  In  the  accornpany ing  hg .  Z ,  there for t ' ,  we

l , ' i g .7 .  ( - ienera t ion  o f  e lec t r i c  cur ren t  by  re la t l ve  mot lon
irr a rvave-ficld.

shorv in the ni iddle section of the frgure the nature of the
rvaves of the magnetic l ic ld. ' fhe rvaves are to be conceived
as  t rave l ing  in  every  d i rec t ion  w i th  the  ve loc i ty  o f  l igh t .
What, then, rvi l l  happen when a loop of.wire - which may
be vierved as a section of an armature or core - revolves
in  such a  wave f ie ld?

4. \Ve know that induction takes place, so that a current
tends to be generated and rvi l l  f low steadi ly in one direct ion
if  the rvave-disturbance is properly led off in a wire forming
a closed circuit .  ' l 'o get a clear view of this irrduction process,
rve need only note that as the wire has both inductance and
capacity, any rnotion of the wire in the rvave-f ield, or any
motion oI the rvave-l ield relat ively to the rvire, wi l l  produce
the induction required to develop the current. By the motion
of the rvire, or of the rvave-f ield relat ively to the wire, the
electr ic eclui l ibr ium in the wire is disturbed, as rvhen i t  moves
betrveen the rr-ragnetic poles P and P'.

5. Su1;pose, for exanrple, the copper rvire C to rnove
front a to b. At such a point as oc the equil ibr iurn of the
aether wil l  be disturbed. Under the action of the vort ices
in the external free aether, those within the rvire wil l  tend



to be forced upward, orving to the approach of the rvire toj
wards the rvhir l  ez. At the point B, on the cther hancl, the
rvire recedes from the rvhir l  zz' ,  and ol ing to the enormorts
elastici ty of the aether a suction effect rvi l l  result ,  l ry vi l tne
of rvhich the aether in the rvire at B rvi l l  also tend to l)e
forced uprvard. ' I-hus, orving to these relat ive rnotions, the
disturbances at a and p combine to procluce a s'avc cl istur-
bance nprvard in the rvire as shorvn, rvhich is similar to that
g i v e n  i n  A N  5 o 7 9 ,  

' l ' a f e l  
6 ,  f o r  a  c r r r r e n t .

6 .  Rut  as  a  c r l r ren t  requ i res  a  c i rcu i t ,  we must  nex t
consider what is the effcct of the rnotion of the rvirc on the
opposite side, a'  1, ' .  At the point 7 the disturbance of the
aether due to the vortex zzr", rvi l l  be dorvnrvarcl,  for rcasons
s imi la r  to  those ass igned above.  A t  d ,  on  the  o ther  hand,
the wire is rcccding from the vortex ru", and under thc high
e las t ic i t y  o f  the  ac ther ,  the  resu l t ing  suc t ion  c f fcc t  u ' i l l  be
such as  to  a lso  d i rec t  the  d is tu rbance dou 'ns  ard .  ' I ' hus  

a t
bo th  2 '  and d  thcre  is  a  cornb ina t ion  o f  r los ,n rvard  r l i s tu r -
bances ;  and there fore  a  tenc lency  to  r ievc lop  thc  e lcc t r i c
osc i l la t ions  or  cur ren t  shorvn  in  the  c l iaerarn ,  anr l  rccogr r ized
as  a  cur ren t  in  r \N  5o7g,  

' I ' a fe l  6 .

7  .  
' I ' h is  combina t ion  o f  e lec t r i c  osc i l la t ions  tend ing

upward  on  the  r iqh t ,  and dorvnrvard  on  the  lc f t  o f  thc  w i re
loop,  i s  the  bas is  o f  thc  induced c r l r ren t  d iscovercd  by
-Faraday in r83 r.  ' l 'hc rule al)out ))cutt ing thc l ines of
fo rce< is  a  very  good ru le  o f  thumb fo r  a r t i sans  anc l  rnccha-
n ics ;  bu t  i t  g ives  no  in te l l igen t  v iew o f  rvha t  ac tua l l y  soes
on.  Thus  rve  havc  or r t l ined  the  process  f ro r r . r  the  po in t  o f
v ic rv  o f  the  h iqh ly  e las t i c  mcd ium the  ae tber  i s  knos .n  to  l re .

8 .  And rve  have exJr la ined horv  the  re la t i ve  mot ion
of  the  rv i re  in  respec t  to  the  magnet ic  f ie ld  f i l l cd  rv i th  vor -
t ices must necessari ly create about the rvire the rvave-f ield
ca l led  a  cur ren t .  The magnet ic  vor t i r :es ,  be ing  e lcmcnts  o f
the  magnet ic  waves ,  may be  conce ived as  nrov ing  rv i th  the
ve loc i ty  o f  l igh t  in  f rce  space;  ye t  as  they  are  pery rc tua l l y
renewed in  s i tu ,  they  ac t  as  i f  th .ey  were  s ta t ionary  re la t i i ' e ly
to  the  nrnsnet ic  po les  upon wh ich  they  depend.

S.  As  rve  po in ted  ou t  above,  any  mot ion  o f  the  f i xed
wave- f ie ld ,  o r  any  marked var ia t ion  o f  the  rvavc- f ie )c l ,  in  re -
spec t  to  the  rv i res ,  rv i l l  g ive  r i se  to  e lec t r i c  d is tu rbances  l 'h ich
nr igh t  be  made the  bas is  o f  an  e lec t r i c  cur ren t ,  i f  p roper ly
led off and directed. We have now to drarv attcntion to the
wel l  knorvn  fac t  tha t  the  sun 's  magnet ic  wave f i c ld  i s  qu i te
var iab le .  The magnet ic  wave d is tn rbances  are  much .worse

when sunspots are prpsent than tvhen these spots are absent.
As the spots are knorvn to be vort ices of highly n.ragnetizecl
matter, 1ve see that the magnetic rvaves coming from these
loca l  a reas  o f  the  so la r  sur face  are  the  immedia te  cause o f
the  > I ' lagnet ic  S torms<.  ' I ' h is  

connect ion  is  abundant ly
es tab l i shed by  the  researches  o f  as t ronomers  dur ing  the  pas t

7  5  years .

ro .  In  the  Ph i l .  T rans . ,  vo l .  r66 ,  p .  387,  Jo in  z1 / / rn
-Broan fottnd from nragnetic phenomena that there rvas a
period of recurrence in the magnetic disturbances of about
z6 days, - the period of the solar rotat ion, - and ex-
pressed the bel ief that certain zones or areas of the solar
surlace rnight exert a potent inf luence on the state of the
ear th 's  magnet ism dur ing  severa l  ro ta t ions .  In  r9c4 ,  ( i t tN65,
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pp. z and 538), E. W. t l faunder reached sirni lar conclusions,
rvithont knorvledge of Rroun's earlier rvork; tlfaunrlct' nrade
the  per iod  to  be  27 .28  days ,  co inc id ing  l ' i th  the  sun 's  ro ta t ion
relat ively to the observer upon the earth. i \ , Ir .  Maunde r resarded
h is  resu l ts  as  demonst ra t ing  tha t  the  la rger  magnet ic  c l i s tu r -
bances  o f  thc  car th  o r ig ina te  in  the  sun;  and cons idered the
ac t ion  as  propagated  a long nar rorv  rve l l  de  f ined  s t reans ,  hav ing
thc i r  bases  in  ac t i ve  areas  o f  s t lnspots ,  i ' e t  poss ib ly  p reced ing
and ou t l i v ing  the  spots  themse lves .

r t .  I 'outt,g's observations of the violent magnetic tremors
near  the  t ime o f  the  to ta l  so la r  ec l ipse  in  Co lorac lo ,  r87z ,
are  rve l l  known,  bu t  as  h is  account  i s  ins t ruc t i ve  we quote
i t  b r i e f l y :

>On August  3 ,  r872,  the  chromosphere  in  the  ne igh-
borhood o f  a  sun-spot ,  wh ich  rvas  jus t  coming in to  v iew
around the  edge o f  thc  sun,  rvas  grea t ly  d is tu rbed on  severa l
occas ions  dur ing  the  fo renoon.  Je ts  o f  luminous  mat te r  o f
in tcnsc  br i l l i ance  rvere  pro jec tec l ,  and the  dark  l ines  o f  the
sl)cctrurl  \ \ 'cre reversed by hundreds for a few minutes at
a t ir .ne. ' l 'hcre rvere t lrree esPecial ly notalr le paroxysms at
8 t ' 4 5 ' ,  I o h - t o - ,  a n d  r  r h 5 o ' n  a .  r n .  l o c a l  t i m e .  A t  d i n n e r  t h e
plrotoerapher of the party, rvho * 'as deterrnining the rnagnetic
cons tan ts  o f  our  s ta t ion ,  to ld  me,  u ' i thou t  knorv ing  any th ing
about  my observa t ions ,  tha t  he  had been ob l iged to  g ive  up
rvork, his ntagnet having swung clear off  the scale. ' l 'wo

c la l ' s  la te r  the  spot  had conre  around the  edge o f  the  l imb.<

Youn,g's observations extended over the next t \1'o days,
and n' lren hc aftcr l 'ards rvrote to Airy and Perry in frngland,
he * 'as sLrr lrr ised to f incl fronr their photographs that the
need les  a t  ( l rccnrv ich  unc l  S tonyhurs t  bad shorvn  v io len t
t rcnrors ,  jus t  I i ke  tha t  no ted  in  Co lorado,  and a t  the  sarne
ins tan t  o f  ( l reenrv ic i r  mean t ime,  tv i th in  ro  minu tes ,  -  the
t i rne  in  Co lorac lo  no t  hav ing  been no ted  w i th  any  grea t
prec is ion .

r  z .  ' I ' he  acco lnpany ing  PIa te  7  o f  s imu l taneous magnet ic
d is tu rbances  th roushout  the  rvor lc l ,  reduced to  Greenrv ich  t ime,
is frorr a paper by l)rof.  I l ' .  G. t ldans, in the Phil .  ' f rans.,

fo r  r892,  A ,  P la te  8 .  A f ie r  examin ins  th is  record ,  i t  i s  use less
to extend our present argument any further.

I lut rvhi lst the relat ionsbip oi Sunspots to 
' l l lagnetic

Storms', l , larth Currents, Aurorae, is long recognized from well
de f ined phenornena o f  per iod ic i ty ,  the  na ture  o f  the  undoubted
connection continrres so very obscure that rve nrust carry the
examinat ion  a  l i t t le  fu r ther .

In his ' I ' reatise 
on l \ ' Iagnetisnr, r87o, p. z.o4 Air l  says:

> ' fhe  per iods  o f  g rea t  d is tu rbance somet i rnes  occupy  a
por t ion  o f  a  s ing le  day ,  somet imes severa l  days  in  success ion :
they are famil iar ly knorvn by the name of 

'magnetic 
storms'. They

are  no t  connected  rv i th  thunder -s to rms or  any  o ther  known
distnrbance of the atmosphere; but they are invariably con-
nected rvith exhibit ions of Aurora Boreal is, and rvith spontaneous
galvanic crlrrents in the ordinary telegraph rvires: and this con-
nection is found to be so certain that, upon rernarking the
d isp lay  o f  one o f  the  th ree  c lasses  o f  phenomena,  we can a t
once assert that the other trvo are observable (the Aurora
Boreal is sometimes not visible here, but certainly visible in
a  nrore  nor thern  la t i tude) . (

2 0 5 Sonclernurnmer
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C o n c l u s i o n s  a s  t o
r e n t s , ' M a g n e t i c  S t o r m s ' ,
A u s t r a l i  s .

t h e  C a u s e  o f  t h e  E a r t h  C u r -
A u r o r a  B o r e a l i s  a n d  A u r o r a

r.  From the above argument i t  fol lows that the sun's
magnetic rvave-f ield is variable, owing to the changes associated
with the sunspot development. Variabi l i ty in the sun's magnetic
wave f ield leads to variabi l i ty in the inductive actions of these
waves upon the earth; and as our globe has both inductance
and capacity, the result is electr ic disturbances adjusting thern-
selves within the globe, which is a heterogeneous nrass three
fourths covered by sea, and surrounded by an atmosphere well
suited to Gei8ler tube displays.

'  2 .  I t  i s  eas i l y  shorvn  by  exper iments  on  land,  espec ia l l y
near the sea, that very considerable dif ferences of electr ic
po ten t ia l  a lways  ex is ts  in  the  ground,  and is  in  cons tan t
dissipation and adjustment. 1'he sol id heterogeneous earth, seir
and sky  are  under  perpe tua l  ad jus tment  o f  the  equ i l ib r ium o f
their respective wave-f ields; and as the inductions due to the
sun are variable, we see that there wil l  ar ise a true magnetic
t ide pul l ing backward and forward from the l{ed Sea to Fludson's
Bay, whenever the solar inductions take place in such a way
as  to  change the  two po les  o f  the  g lobe o f  the  ear th  o r  o f
the  sun.  I f  these changes are  rap id  and v io len t  rve  f iequent ly
have a  fo rm o f  l igh tn ing  in  the  upper  a tmosphere :

p  -  p ,p ' f  s2-  l , .p ' l t ' t ,  Aurora  l lo rea l i s .  (zoE)

.7;t -  p1r, ' f  st2- 1tp'f  s2, Aurora Ar.rstral is. (rog)

3 .  These s imp le  cons idera t ions  per fec t l y  exp la in  t l re  ear th
cur ren ts ,  and the  

'magnet ic  s to r rns ' ,  and we nray  d ismiss  these
two c lasses  o f  phenomena as  now re fe r red  to  the i r  tn le  cause.
For  the  sun is  var iab le  in  i t s  i rc t ion ,  owing  to  spot  deve lop-
ment and rotat ion, and tt 'us has variable poles, p und 1r,,
wh i le  the  ear th  a lso  ro ta tes  s tead i l y ;  ye t  i t s  po les  p , 'a .nd  p , '
are variable, because the changing l ight heni ispheres are
successively subjected to an extrenrely variable induction by
the  sun 's  ac t ion .  Accord ing ly  the  ear th  cur ren ts  and 'n ragnet ic

storms' imrnediately fol lorv from the above forrnulae.

4. As lbr the aurora, i t  rvas remarked by I lal ley in the
P h i l .  T r a n s . ,  f o r  r 7  r 4 - t 7 t 6  ( v o l .  X X I X ,  n o . 3 4 r ) ,  t h a t  t h i s
br i l l i an t  nor thern  l igh t  i s  a  n ragnet ic  phenourenon.  Perhaps
Ealley rvas inl luenced in Ir is conclusions, as nlorc rnodern
investigators have been, by the observed fact that the strean)ers
of the aurora are paral lel to the l ines of force of the earth's
magnetic f ield. The argument frorn the paral lel ism of the
streamers to the magnetic l ines of force and frour the periodi-
c i ty  o f  the  aurora  co inc id ing  w i th  tha t  o f  the  

'magnet ic  
s to rms ' ,

ear th  cur ren ts  and sunspot  deve lopment  i s  a l l  tha t  i s  requ i red
to shorv that the aurora depends upon electr ic discharges in
our atmosphere. The strealners take on faint luminosity along
the l ines of magnetic force, because the magnetic state of the
earth is varying, under the irregular inductive action of the
sun, rvhich operates nrost direct ly upon the l ight hemisphere;
ye t  as  the  n igh t  hen isphere  o f  the  ear th  i s  magnet ica l l y  a
part of the earth's entire system, the dissipation of uncont-
pensated magnetic wave-energy is l ikely to become visible
ch ie f l y  by  n igh t .

5 .  In  Lorve l l  Observa tory  Ru l le t in  no .  29 ,  June to  No-
vember, r9r6, Dr. Sl ipher has shown that the aurora usually
is present in the sky near the horizon, even by dayl ight. 

' Ihis
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is because the air near the horizon is of greatest depth, and
thus on the photographic plate the persistence of the auroral
rays may become visible in spite of i ts invisibi l i ty to the eye.
In high lat i tudes, especial ly about the cold poles of our globe,
the atmospheric electr ic potential of the air tends to fal l ,  as
Errur sholed, on the a\/erage f i f teen t inres more rapidly than
in the ery.ratorial regions of our globe. Thus in cold regions
the rapid fal l  of the electr ic potential oft 'ers an easy release
for rvave stress in tbe air rvhen the l)art icles of cirrus and
s imi la r  c louds  are  undergo ing  rap id  condensat ion .  ' l ' hus  

e lec t r i c
d ischarges  a t  g rea t  he igh t  do  no t  take  the  fo rur  o f  l igh tn ing
d i rec ted  to  the  ear th ,  bu t  o f  fa in t l y  luminous  s t reanrers .

6 .  Now i [  rve  cons ider  the  nerv  theory  o f  l igh tn ing  and
of  sur lace  tens ion  g iven in  the  f i l th  paper ,  AN 5  r  - lo ,  we
perce ive  tha t  l i c lu id  d rops ,  o r  even g lobu les  o f  i ce  suspended
in  a  f rozen c i r rus  c loud,  under  the  in f luence o f  the  ear th 's
magnetic f ield, rvould not have the aether stress at the surlace
exerted rvith perl 'ect synlmetry, but there would be a north
and south  po la r i t y  in  the  g lo l ru les ,  owing  to  the  uns tead iness
in  the  ear th 's  n ragnet ic  fo r< :es .  I f  th is  s t ress  y ie lded to  a  s l igh t
e lec t r i c  ru l ) tu re ,  r rnder  the  wave in rpu lses  o f  the  ear th 's  mag-
net isur ,  the  re lease o f  energy  rvou ld  genera te  an  ag i ta t ion
y ie ld ing  lnminous  s t reaners  in  the  c l i rcc t ion  o f  the  rnagnet ic
l incs  o i '  lb rce ,  as  in  the  aurora .  S ince  the  nragnet ic  s t ress
is greatest to the north, the rays oiten rvoLrld start there and
l lash  southward ,  wh ich  exp la ins  the  aurora l  s t rear r )e rs  per fecr ly ,
rv i thout  t l re  in t roduc t ion  o fany  arb i t ra ry  hypothes is .  So s in rp le  a
theory  l r : rves  no th ing  to  be  des i red ;  rv i thout  s t ra in  i t  exp la i r rs
a l l  t l r c  auron l  phenonrena o f  the  two te r res t r ia l  henr ispheres .

7 .  
' l ' he  l i r lded  r ibbon bands so  o f ien  seen in  the  aurora

are  l )c rs l )cc t i ve  s l rac lo rv  c f fec ts ,  p roduced main ly  by  a l te rna t ions
of  lu rn inous  an t l  non- lunr inous  c louds ,  somewhat  ana logous to
the bearus, rvi th tmncated columnar asl)ect, often seen in the
sky  a t  sunset  o r  sunr ise :  ye t  jus t  as  the  sources  o f  the  aurora l
l igh t  a rc  more  h idden than in  the  case o f  the  sun,  so  the
iLurore l  tn lnca tcd  bands or  fo lded cur ta ins  thus  are  more
ruys tc r ious  than rvhat  we see produced by  the  sun 's  v is ib le
i l l u r n i n a t i o n .

8 .  I )u r ing  the  br i l l i an t  aurora  observed a t  i l {a re  Is land,
Ca l i fo rn ia ,  l \ lay  r4 ,  rgzr ,  T  saw the  s t reamers  fonn ing  very
d is t inc t l y  in  severa l  par ts  o f  the  sky  where  the  c louds  were
jus t  fo rnr ing  and d isso lv ing .  When a  fa in t  c loud became v is ib le ,
yet was not lnminous, I  found, by watching, that i t  often
would soon exhibit  faint strean.rers running paral lel to the
ear t i r ' s  r lagnet ic  l ines .

' l ' hus  I  am conv inced tha t  the  l igh t  ene ' rgy  o f  tbe  aurora
is rvave.energy, rvhich in lorver clouds frequently takes the
for rn  o l ' l i gh tn ing  d i rec ted  to  the  ear th ;  bu t  in  the  reg ion  o [
the cir,nts, where the air is very rare, is released by sl ight
osci l latory changes in t l ie earth's magnetic forces. ' l 'he 

aurora
is a kind of sheet l ightning o[ the upper atrnosphere, and
therefore the luminous streamers take the direct ion of the
l ines of force in the earth's rnagnetic f ield. ' lo this extent
I lal ley's bold conjeCture of r7 r4 is correct. A more detai led
account  o f  the  br i l l i an t  aurora  observed IV Iay  r4 ,  rgzr ,  w i l l
b e  f o u n d  i n  A N  5 r 4 o ,  p . 8 r .

( iv) The secular changes in the earth's nragnetism.
It  only remains to consider the secular changes of the

earth's magnetisrn. Here, unfortunately, we are on uncertain
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ground, owing to the absence of any well  defined cri teria' t i r
show the cause at rvork.

r.  l t  was stated by Airy that the magnetic north pole
probably is revolving around the geographical pole; but after
a cri t ical survey of the knorvn data for the south magnetic
pole, in section g above, we are unable to f ind definite eviclence
of any shif t ing rvhatever of the earth's magnetic poles. And
as the poles appear to be f ixed, - i f  we judge by that in
the Antarct ic, for rvhich the observed data are most complete
- we have been obl iged to conclude that the surface sccular
changes in the earth's ma.gnetism depend rnainly on induction
effects due chief ly to the sun, as ln Arago's rotat ion ex-
p e r i m e n t  o f  r 8 2 5 .

z .  S ince  the  sun is  a  s t rong ly  magnet ized  body ,  there
wou ld  a r ise  in  our  g lobe some eddy  cur ren ts  o f  cons iderab le
in tens i ty ;  and as  thc  eddy  cur ren ts  fo r  as t ronomica l  reasons
wou ld  recur  rv i th  approx i lna te  req l r la r i t y  in  the  sanrc  c i i rcc t ion ,
fo r  a  long t ime,  over  cons iderab le  a reas ,  i t  i s  l i kc ly  thn t  a
very considerable secular change in the magnctic forces ncar
the surface would gradually result.  ' l 'his is the onl i '  tangible
explanation of the secular changes knorvn to me.

I t  has  the  e lement  o f  s imp l ic i t y  in  i t s  favor ,  and rve
know tha t  cons iderab le  d i f fe rences  o f  e lec t r i c  po ten t ia l  do
rea l l y  ex is t  in  reg ions  very  near  each o ther :  there fore  i t  seems
probab le  tha t  an  ad jus tment  o f  the  p lanes  o f  the  a tonr ic
equators  rvou ld  g radua l ly  occur  so  as  to  sh i f t  the  d i rec t ion
of  the  magnet ic  l ines  in  the  same d i rec t ion ;  then,  la te r ,  by
nru tua l  reac t ion  upon o ther  n rasses ,  the  osc i l la t ion  rn igh t  go
in  the  o ther  d i rec t ion .

3 .  But  as  the  >magnet ic  dorna ins< .o f  the  ear th  a re  very
unequal in size and intensity, i t  is probable that the sccular
changes rvould be slow and i l l -conformed to one uniform rule.
The fact is that they are quite confused, some clockrvise,
others counter-clockrvise. Hence this about corresponds to
the obsen'ed secular changes in the earth's magnetisnr. ( ireat

as  these changes becoure  rv i th  the  lapse o f  ccn tur ies ,  they
ev ident ly  do  no t  be long to  the  po les ,  wh ich  ayrparent ly  a re
not  sh i f t ing .  \ \ re  can or r l y  exp la in  the  secu la r  chanses  by  the
theory of comparatively shal low ,4ra,qo eddy currents. ' fo

this hypothesis there is not the sl ightest objection, ) 'et we
must derive the secular changes rvhol ly from observation.

I 2 .  I M a g n e t i c  A t t r a c t i o n  d e p e n d s  o n  a  I ) u a l i t y
o f  P o r v e r s ,  a n d  i s  t h e r e f o r e  d i r e c . t e d  a l o n g  C u r v e d
L i n e s  t o w a r d s  T r v o  P o l e s ,  r v h i l e  G r a v i t a t i o n a l  A t -
t r a c t i o n  i s  d i r e c t e d  s t r a i g h t  t o w a r d s  a  S i n g l e  C e n t r e
o f  G r a v i t y :  S i m p l i c i t y  o f  t h e  G e n e r a l  L a w s  o f  N a t u r e .

( i)  The connection and the dif ference betrveen mag-
netism and gravitat ion.

I t  i s  now c lear ly  shorvn  tha t  magnet ism dcpcnds on
a duali ty of powers, and therefore the rnutnal attract ion bc-
tween t\ i /o magncts is directed along curved l ines, according
to the formulae for tbe ponderomotive force:

^  , l  t  ' l  ' o  ' l  ' o  ' l  o  /  \
f  -  

l t l l  l s - - l t l r ' l s  
-  J 1  :  l t l L  l s ' - l t l t  l s - .  t 2  r o ,

In this respect magnetism is total ly unl ike the sinrpler
stress of gravitat iorr result ing from the haphazard arrangement
of the atomic planes, yet yielding a single force cl irected
in a r ight l ine torvards the centre of gravity:
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r.  Gravitat ional attract ion

" f : m n l r 2 ,
z, Magnetic total intensity, or aether stress

l : p,1t, f sz_+_ lrp, l s,, .

( z  r  r )

( z r z l
I t  is just ly remarked that for a ful l  century investi-

gators have fought shy of searching for the cause of mag-
netism. ' l 'he result was so unsatisfactory to physical science
that in the later years of his l i fe Echnhoftz is said to have
rernarked that our fai lure to discover the cause of magnetism
rvas th.e disgrace of the r 9th century. Certainly the need
for such research has long been felt  as a most urgent desi-
deratunr of sciencc, and yet l i t t le or no progress rvas made,
orving to the confused state of the subject.

Now that a rvay is opened for referr ing al l  the chief
forces of natr lre to wave-action in the aether, we must be
careful not to al lorv attention to be diverted from so fruit-
fu l  a  l ine  o f  inqu i ry .  There  need be ,  fo r  example ,  no  d is -
cussion of the irregulari t ies of the eartb's ma.qnetism; we
have knorvn of these irregulari t ies al l  along, but had not
pcrceived the harmonic iatv connecting the earth's total
magnetic force with terrestr ial gravitat ion.

' l -be ncrv nrethod has enabled us to reach the har-
mon ic  la rv :

l l , s  :  t72  ( r2 fs2+- r2 fs '2 )  r  :  r l t4o8 . rz  ( r t : )

thus  accura te ly  connect ing  the  to ta l  in tens i ty  o f  magnet ism
rv i th  g rav i ty  th roughout  the  g lobe.  I t  has  enab led  us  to
ca lcu la te  tbe  to ta l  quant i t y  o f  magnet is rn  in  the  sun,  and
to  connect  the  to ta l  fo rce  o f  th is  magnet ism a t  the  sun 's
surface rvith the knorvn force of solar gravitat ion by a similar
e([ lat ion

ro lgo  :  r lo2( ro2 fso2-+ro ' l to ' ' )  q  :  r l rsT  .  b t+)
Such a law evidently is in the highest sense a true law of
na ture .  Indeed i t  has  a l l  the  genera l i t y  o [  the  law o f  g ra-
vitat ion i tself .  ' l 'he nerv larv can be applied wherever the
intensity of the magnetization is kno*'n in units of that ob-
scrved in  the  ear th  o r  in  the  sun.

Obv ious ly  a  s i rn i la r  equat ion  rv i l l  ho ld  fo r  Jup i te r ,
Saturn or Nlars, yet up to this t ime rve have no observed
data lor f ixing the intensity of the magne.t izat ion in Jupiter,
Saturn or I \{ars compared to that in the earth or sun. Ho)v-
ever, j trst as Kc![er 's law of planetary motion about the sun:

a' i t  I  a' i \  :  tz ( l l [ -+-nt) :  t '2 (M-+nt ')  ,4[:  r ,  usual ly, (r t  5)
rvas general ized for the planets and double stars of mass
- t l f1 -+21r ,  in  the  fo rm:

(M-+ nt) : (Mr-+- ,,r) : at f 1z : af f t]

so also at the surface of any cosmical body the
necting nragnetism rvith gravitat ion becomes:

- L |  o l  o  -  o ,  , o \
I t l { '  :  l l v '  \ rv ' lSY ' - f  t ' ' - lS" ' )  '

(z  16)

law con-

b ' t )
I t  seems probable that the magnetization in a body

l ike Jupiter someday may be determined by observation.
Even now we may approximate the magnetic component ?.
For since the mass of this great planet l ies between that
of the sun and earth, rve should expect 7 for Jupiter to l ie
b e t w e e n  r f r 4 o B  a n d  r / r 5 2 ,  t h u s

t l r S T > q , > r f t 4 o 8 .  ( z r S )

Sondernummer
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And s imi la r  reason ing  lvou ld  app ly  to  Saturn ,  L I ranus ,
and Neptune.  In  the  case o [  Mars ,  on  the  o ther  hand,  we
shou ld  expec t  the  magnet iza t ion  to  be  less  in tense than in
the  case o f  the .  ear th ;  so  tha t  rve  shou ld  have

r f r q o S > r 1 n . \ 2 r 9 )
And as  the  nrass  o f  lUars  i s  on ly  about  o . r  o f  the  ear t i r ' s
nrass, i t  would uot be unexpected i f '  the magnetization of
tha t  smal l  p lanet  shou ld  p rove to  be  approx in ra te ly :

:  r 1 n  :  r f  r 4 o 8 o ,  o r  , l M  :  r f  |  2 o o o .  \ 2 2 o )
:  The magnet iza t ion  o f  Venus,  by  s in t i la r i t y  o f  causes ,
probab ly  wou ld  be  comparab le  w i th  the  ear th 's ,  and thus  very
near ly  the  same as  onr  rve l l  de ter rn ined va lue  r7 :  r , / r4o8.
' fhus 

the problem o[ cosrnical magnetism takes on nerv interest
in  a l l  d i rec t ions .

' l 'here 
are too nrany questions as yet unerplored for us

to dare to hope to solve al l  of thenr in a perf 'ect ly sir.nple
manner ;  ye t  when a  way is  once opened fo r  a  so lu t ion ,  there
wi l l  eventua l l y  appear  the  inves t iga tor  who rv i i l  t raverse  th is
unexp lored  pa th ,  jus t  as  has  happened in  ex tend ing  the  domin ion
of  the  law o f  g rav i ta t ion  over  the  unexpected  ce les t ia l  pheno-
mena discovered since the t irne of Neutlon.
'  l t  i s  remarkab le  tha t  a t  las t  we have reachec l  a  g rea t
law o f  na ture  connect , ing  n tagnet isnr  rv i th  g rav i tn r io r r ,  in  sp i te
of the remarkable dif ference in the two forr:es; and thlt  rve
are  ab le  to  re fe r  bo th  o f  these fo rces  o f  na ture  to  rvave-ac t io r r
in  the  ae ther .  I l y  th is  harnon ic  la rv  geornet r i ca l l y  connect ing

,  the  hapbazard  rvave-ac t ion  in  g rav i ta t ion ,  wh ich  has  the  fo rce
d i rec ted  towards  a  s ing le  cent re ,  rv i th  the  sys terna t ic  s ,uve-
ac t ion  in  magnet ism,  y ie ld ing  a  dua l i t y  o f  porvers ,  o r  fo rces
directed to two centres, the argument for the cause assigned
to  e i ther  fo rce  separa te ly  i s  vas t ly  s t rengthened.

If  lor example, the probabil i ty be very great in favor
of either hypothesis separately, so that the chance ofany othcr
result practical ly vanishes, as happens rvhen the l inr i ts a and p
are  indef in i te ly  near  together ,  in  the  probab i l i t y  in tegra ls :' B p '

l ' - A 2 r 2  ,  I  P  - h ' 2 * ' 2  .
l C  

. . - . d x :  r l t t ,  l c  
, ,  ̂  . d r , :

J " . )
r C( O.'

l * -
,_::_h2.,2 .6s : r

I l i l  ,

\ 2 2  |  )

n and / being very large nunrbers. And i f  the trvo causcs at
work, as norv hapl iens, are connected by the veri f icd irarruonic
law,  then the  probab i l i t y  o f  the  compound event ,  o r  comuron
cause, for both of the phenomena of magnetism and gravitat ion
being joint ly due to rvave-action, becomes the ,reciprocal of
the product of these probabil i t ies, when each one has inf initely
nar row l im i ts ,  namely :

p p '
? :  I  r - t " " " . d ,  t  r -n ' ' " ' ' . d r , :  l r l , t .  r l , / ) - , / - r .  ( zzz )
'  q '  d "  7 l : @  ) l : @

,  ' I ' hus  
the  probab i l i t y  becomes an  in f in i ty  o { ' rhe  seconc l

o rder ,  l i ke  a l l  the  po in ts  in  an  in f in i te  p lane to  one,  tha t  i f
wave-ac t ion  under l ies  e i ther  magnet isn l  o r  g r -av i t r r t ion ,  the
sar l le  cause under l ies  bo th  c lasses  o f  phenornenu.

Norv the processes involved in gravitat ion a.re not cl irect ly
percept ib le  to  our  senses ,  and thus  sontervhat  obscure .  l t  i s
not so, horvever, rvi t l t  the cause of magnetism, - rvhich is

Sotrdernummer t , 7  t

profoundly i l luminated by F'araday's experinrent of r845, on
the  ro ta t ion  o f  a  bean o f  po la r ized  l igh t ,  and by  a  who le
t ra in  o f  phenomena in  magneto-op t ics ;  by  the  grea t  body  o f
phenomena in  e lec t rodynan ics ;  and f ina l l y  by  the  vas t  a r ray
of phcnomena in rvave nrotion, especial ly col lected together
in l igure 4 of this paper, and the six preceeding papers on
tbe Nerv ' I 'heory 

of tbe Aether.

1'he conrplete accord ofal l  these magneto-optical pheno-
rnena rvith the undulatory theory in general thus yields another
indeyrendent  p robab i l i t y :

R ' '

p :  l c  
- '  . d . r " ' :

a "

,1r" .  G,)

And the  rec ip roca l  o f  the  compound pr .obab i l i t y  o f  a l l
these causes

p p '  p "
(  _ t 1 . : t r  .  (  _ t , . 2 f , . r  .  ,  P  _ r , , , ! - , , 2I ' l : J (  " ^ ' d x ) c  " " . d . , c ' J ( - / r  '  . 6 1 . y / / :

& a d . "

: f t f u . r f / . r f / , )  -  r / o o e  G r s )
1 : a ,  n ' : w ,  t t " : a

i vhcn  the  l im i ts  o f  the  in tegra ls  a re  nar rowed inde l in i te ly ,
thc re lo re  i s  the  chance wh ich  suppor ts  rhe  wave- theory .  Accor -
d ing ly ,  the  ra t io  o f  a l l  the  po in rs  in  in l ln i te  space to  one
r r l ) rcscr l t s  the  probab i l i t y  tha t  nagnet isnr  and un iversa l  g rav i .
ta t io r l  i l re  due to  the  co l r lnon cause o f  tvave-ac t ions  in  the  ae ther .

( i i )  I )e lec ts  in  the  theory  o f  magnet ism handed dorvn
by tnrcl i t ion l-ronr the days of Robcrt Nornan, r576; Gilbtrt ,
t  6oo ; anci l iukr, t  7 44.

l r r  t l re  ' l ' h i rd  
I ,aper ,  AN 5o7g,  p .  244-247,  we have

g iven a  br ie  f  no t ice  o f  the  de fec t ive  theory  adopted  by  Eu l r ,
r744,  rvho  regarded the  ae ther  as  c i rcu la t ing  th rough the  ax is
o f  r  magnet  l l ' on t  t l re  south  to  the  nor th  po le ,  l i ke  the  b lood
l lo rv ing  th loLrgh  rhe  ar te r ies  in  one d i rec t ion  on ly ,  thus  re tu rn ing
to  thc  south  po lc  th rough t ree  space,  a lon .g  t i re  n ragnet ic  l ines
of  fo rce .  1 . ' igure  3 , ' la fe l  4 ,  AN 5o79,  i l l us t ra tes  Eu/e /s  theory
accorc i ing  to  be  or ig ina l  d iagranrs  o f  h is  Opuscu la ,  vo l .  I I I ,
B e r l i n ,  r 7 4 4 ,  p l a t e  r .

' l 'he 
principles thus adopted l>y l iulcr gave an unfor-

tunate  b ias  to  thought  in  n ragnet is rn ,  and a l though in  la te r
treatises thc-y are sornervhat modif ied so as to confornr to
n todcrn  tboug l r t ,  ye t  the  who le  t rend o f  t l re  reason ing  in  th is
sub jec t  has  cont inued to  be  on  an  unsound bas is .  ' I ' he  

usua l
Irabit  of describing the Eulcrian circuit  frorn the north to the
south  po le  as  ) ) the  parh  o f  a  un i t  nor rh  po le<,  i s  c r i t i c i sed
in  AN 5079,  p .  247 as  >unsc ien t i6c  and a  very  iu . rper fec t
n takesh i f t<< ,  -  the  rn i ldes t  c r i t i c i sur ,  cons is ten t  rv i th  t ru th ,
rvh ich  cou ld  be  made.

l3ut prior to Euler 's t ime certain defects were current
rvhiclr had been handed down from the days of Robert Nor
n a a ,  r  5 7 6 :

r .  ' l ' ha t  n ragnet iza t ion  c loes  no t  change the  we igh t  o f
a  body ;  tha t  by  the  ac t ion  o f  the  magnet ic  fo rces  there  is
no  tendency  to  a  mot ion  o f  t rans la t ion .

z .  Hence the  ear th 's  magnet ic  ac t ion  is  d i rec t i ve  on ly ,
be i r rg  d r re  to  a  coup le .

None of these claiu-rs are str ict ly true, because one
rnagnet exerts upon another the fol lorving ponderornotive forces
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And s imi la r  reason ing  rvou ld  app ly  to  Saturn ,  IJ ranus ,
and Neptune. In the case o[ '  X,Iars, on the other hand, we
shou ld  expec t  the  magnet iza t ion  to  be  less  in tense than in
the  case o f  the .ear th ; ,so  tha t  rve  shou ld  have

r f  r q o g > , 4 u .  ( " r S )
And as  the  rnass  o f  l l l a rs  i s  on ly  about  o . r  o f  the  ear th ,s
nrass ,  i t  wou ld  uo t  be  unexpected  i f '  the  nrugnet iza t ion  o f
tha t  s rna l l  p lanet  shou ld  p rove to  be  approx in ra te ly :
: .  r l u :  r f  t 4 o 8 o ,  o r u l M :  r f  t z o o o ,  ( z r o )

-  The magnet iza t ion  o f  Venus,  by  s in t i la r i t y  o f  causes ,
probab ly  wou ld  be  comparab le  w i th  the  ear rh ,s ,  and thus  very
n e a r l y  t h e  s a m e  a s  o u r  t v e l l  d e t e r m i n e d  v a l u e  7 :  r / r 4 o g .
Thus  the  prob lem o f  cosrn ica l  magnet ism takes  on  new in te res t
in  a l l  d i rec t ions .

l 'here are too ntany questions as ).et unexplorecl for us
to dare to hope to solve.ui l  of thenr in a periect ly sir.nple
manner ;  ye t  when a  way is  once opened fo r  a  so lu t ion ,  there
wi l l  eventua l l y  appear  the  inves t iga tor  who rv i l l  t raverse  th is
f fexp lo red  pa th ,  jus t  as  has  happened in  ex tend ing  the  domin ion
o l  tne  law o t  g rav i ta t ion .over  the  unexpected  ce les t ia l  pheno_
mena discovered since the t irne of Ncutlon.
-  l t  i s  re rnarkab le  tha t  a t  las t  we have reachcd a  grea t
law o f  na ture  connect i .ng  nragnet isnr  rv i th  g rav i ta t ion ,  in  - "sp i te
of the remarkable dif ference in rhe two io.."r;  rnt j  that rve
are  ab le  to  re fe r  bo th  o f  these fo rces  o f  na ture  to  *o re-oc t iou  ]
in the aether. 13y this h.arnronic larv geornetr i ." l ly . ;"; ; ; ; i ; ;  ]

.  the haphazard rvave-acrion in grauitai ion, u,hictr i , . ;- ,1* ; ; ; ; :
d i rec ted  towards  a  s ing le . .n i r " ,  rv i th  ihe  sys temat ic  rvave_
act ion  in  magnet ism,  y ie ld ing  a  dua l i t y  o f  l )owers ,  o r  fb rces
directed to two centres, the argument ior the cause assigned
to eithe-r 

-force separately is vastly strengthened.

o f  e i ther  hypothes is  separa t i l y ,  so  tha t  the  chance o f .any  o ther
resu l t  p rac t ica l l y  van ishes ,  as  happens rvhen the  l im i ts  a  and p
are  indef in i te ly  near  together ,  in  the  probab i l i t y  in tegra ls :' ,  nr B '

f  " - h " r r . A _ _  _ t . -  i  _ h , " , ' "  , ,
J c  

i u - t :  r l r t ,  ) c - n .  
. d r , -  t f n , ,

d . ,

i  + -  \ z z r )
c: r-r2,rz .6i.y :  1
- €

n and / being 'ery large nunrbers. And i f  the trvo carses at
work , .as  norv  happens,  a re  connected  by  the 'e r i r led  i ra r ' ro r . r i c
law,  then the  probab i l i t y  o f  the  compound evenr ,  o r  co l lu lo l t

:u:r",  fo: 
b.oth of the phenonena of magnetism and gravitat ion

being joint ly due to rvave-action, becJmes the .reJiprocal of
the product. of these probabil i t ies, when each one has inf initery
nar row l i rn i ts ,  namely :

^ f _ ,, ,, ,l' _ ,.., -,,
1 :  J  d t  ) c - "  

'  . d r . , : f t f  n . t f  u , ] :  , f  - , o t .  ( z z z \
,  A  A '  n : 6  , l : @

' f hus  
the  probab i l i t y  becomes an  in6n i ty  o l . t i re  secont l

o rder ,  i i ke  a l l  the  po in ts  in  an  in t ln i te  J r lane to  one,  tha t  i f
wave-ac t ion  under l ies  

.e i ther  rnagnet isnr  o r  g r .av i ta t ion ,  the
san le  cause under l ies  bo th  c lasses  o f  phenoruen: r .

Now the  processes  invo lved in  g rav i ta t ion  are  no t  c l i rec t l y
percept ib le  to  our  senses ,  ̂nd  thus  somervhat  obscure .  I t  i s
not so, hoivever, rvi t l  the cause of magnetisnr, _ rvhich is

Sonclernummer
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profoundly i l lurninated by 
-Farar/a1,s experinient of rg45, on

the rotat ion of a beerr of polarized i ight, and by a r ihole
t ra in  o f  phenomena in  n ragneto_opt ics ;  by  the  grea t  body  o f
phenomena in electrodynanrics; and f inal iy by ihe uast a.ray
of phcnontena in rvave motion, especial ly col lected together
in  hs l re  4 ,_o f  th is  paper ,  and the 's ix  p receed ing  p"p ! . .  on
the Neiv ' l 'heory 

of the Aether.
1'he conrplete accord. of al l  these magneto-optical pheno-

mena rvith the undulatory theory in general thus yields another
independent  p robab i l i t y :

p"
h -  ( " - h " ' x ' 2 . s - , ,  -/ ,) - rlt"

a . '

.  
And the rec iprocal  of  the compound probabi l i ty  of  a l l

these causes
p B, B',

, ,  P  -  r . !  - r  (  
"_  

, r ' r * ' "  .  s  ^ . t ' f  ^_  1 , , , : r , ,2r ' f :  
) t  

' . * . d r r _  
. 6 1 . 1 , / :

4 A

:  l r l " . t f  n , . t f  n , , ) :  1 / o c : r  ( r , , \
/ t - - @ ,  , r ' : @ ,  t i ' : A  

\ - - a l

rvhcn the  l in i t s  o f  the  in tegra ls  a re  nar ro rved inde l in i te ly ,
t l r c re fo re  i s  the  chance wh ich  suppor ts  the  wave- t l r "o ry .  , \ . .o r .
d i r rg ly ,  the  ra t io  o f  a l l  the  po in ts  in  in6n i re  space ro  one
rc l ) rcscn ts  the  probab i l i t y  tha t  n ragnet isnr  and un iversa l  g rav i .
t J t ion  arc  due to  the  co l l t lnon .u . , , r "  o f  *uu" -ac t ions  in  the  ae ther .

( i i )  l )e fec ts  in  the  theory  o f  magnet ism handed dorvn
by tracl i t ion f ioru tbe days of l lohert fror,rorr,  t576; Gilbtrt ,
r 6 o o ;  a n c l  t r u l c r ,  t 7 q 4 ,

l lut prior to Euler 's t ime certain defects were current
rvhich had been handed down from the clays of Robert Nor
nttt t t ,  t  57 6',

.  
r .  ' l ' ha t  

magnet iza t ion  does  no t  change the  we igh t  o f
a body; rhar by the action of the magneti lc forces th"ere is
no  tendency  to  a  mot ion  o f  t rans la t ion .

z .  Hence the  ear th ,s  magnet ic  ac t ion  is  d i rec t i ve  on ly ,
be ing  due to  a  coup le .

None o f  these c la ims are  s t r i c t l y  t rue ,  because one
rnagner exerts upon another the fol lowing ponderornotive forces

I r r  t i r e  ' I ' h i r d  
l ) a p e r ,  A N  5 o 7 9 ,  p . 2 4 4 -  2 4 7 ,  r v e  h a v e

grve n a brief notice of the defective theory adoptejd by Eultr,
r744,  rvho  regarded the  ae ther  as  c i rcu la t ing  th rough t t r "  o* i ,
o [  a  magnet  f r .om the  south  to  the  nor th  pJ l " ,  t i k "  the  b lood
l low ing  th r .ough the  ar te r ies  in  one d i rec t ion 'on ly ,  thus  re tu rn ing
to_  the  south  po le  th rough f ree  space,  a lone the  n tagnet ic  l ines
oI force. l i igure 3, 

' Iafel 
a, AN !o79, i l lusirates Eihr,s theory

acco. rd ing  to  be  or ig ina l  d iagranrs  o f  b is  Opuscu la ,  vo l .  I I i ,
B e r l i n ,  r 7 4 4 ,  p l a t e  r .

' l ' [ re 
principles thus adopted by l iuler gave an unfbr-

tunate  b ias  to  thought  in  n ragnet is r r ,  and a l t iough jn  I ; ; ; ,
t rea t ises  they  l re  sorner r ,ha t  moc l i6ec l  so  as  to  confornr  tomodern  thoLrg l r t ,  1 'e t  the  who le  t rend o f  t l re  reason ing  in  th is
sub jec t  has  cont inuec l  to  be  on  an  unsound bas is .  . fhe  

usua l
hab i t  o l  descr ib ing  the  Eu ler ian  c i rcu i t  f ro rn  rhe  nor th  to  the
south-  

-po le  as  ) t l )e  pa th  o f  a  un i t  nor rh  po le<,  i s  c r i t i c i sed
in  r \N  5o79,  p .  247 as  >unsc ien t i f i c  and a  very  i r rper fec t
rnakesh i f t< ,  -  the  r r i rdes t  c r i t i c i s rn ,  cons is ten t  rv i t r r  t ru th ,
rvhicl i  could be nrade.



. l . J

for the northern and southern hemispheres respectively:

F-  p l l f  s2-p l t ' l s '2 ;  p '  :  p1 t ' f  s '2 -  1 t ,7 / f  s2  .  ( r rS)

And thus the earth does exert upon a magnet, suspended
by a thread through i ts centre of gravity, a sl ight deflect ing
effect; yet i t  is dif f icult  to observe i t  experimental ly, orving
to the force of gravitat ion exceeding the magnetic force in
a  ra t io  o f  about  roooooo to  zoooooo t imes.

At  the  ear th 's  magnet ic  po les ,  a  p iece  o f  s tec l  suddcn ly
converted into a rnagnetic needle would be nnder trvo forces:
(a) ordinary gravitat ion, (b) terrestr ial magnetism, having a
s t rength  o f  about  r / roooooo o fgrav i ta t ion .  As  bo th  fo rces
work in the same vert ical direct ion i t  seenrs ccrtain that the
magnetized steel rvould rveight a l i t t le more after nragnetization
than before, though the change of rveight rvoulcl be small .

We may safely reach this conclusion by observing that
i f  a  s tee l  need le  o r  p iece  o f  so l t  i ron  is  snspenc led  i ry  a  th read
over the pole of a strong steel magnet, the dorvnrvard pul l
on the thread is certainly greater in this posit ion above the
magnet, than rvhen the strong steel nragnct is rcrnovcd. I
have often tr ied the experiment, and found the effcct vcry
not iceab le .  t rVhat  i s  tn re  o f  a  magnet ized  need le  suspended
above a  nragnet  therc lb rc  i s  t rue  o f  a  n rnqnet ized  l i i cce  o f
steel at the earth's nragnetic poles. For the clorvnrvarcl pul l
due pure ly  to  g rav i ty  rvou ld  be  s l igh t ly  inc reased l ry  the
pure ly  magnet ic  ac t ion  o f  our  s lobe.

The defect in Nornatis reasoning, in reqard to the
ear th 's  magnet ic  ac t ion  be ing  d i rec t i ve  on ly ,  need no t  bc  d is -
cussed at length, because rve have seen that the ponderomotive
force does real ly exist,  and vary from place to place; yet the
change from place to place is slorv, orving to the size of the
earth, and the great length of the curved l ines s and s' .

I t  on ly  remains  to  reca l l  a  d iagram or ig ina l l y  g iven  in
Gilbcrt 's work De I\4agnete, r6oo, as lol lorvs.

Fig .  8 ,  D iagrarn  f ron  C i lber l ' s  De N{agnc te ,  I6oo,  shorv ing
the  d i rec t ions  taken by  the  south-see l< ing  po le  o f  u

magnet ic  necd lc  a t  var ious  p laces  on  thc  car th .
Th is  appcars  to  havc  bccn thc  p recursor  o f  l i t i t r ' s
de fec t ive  theory  o f  I744,  (AN 5o79,  

' I ' a fe l  
+ ,  I r ig .  3 . )

tha t  the  ae ther  f lo rvs  in  a t  the  sor r th  po lc ,  and ou t
a t  thc  nor th  po le ,  c i rcu la t ine  l i kc  thc  b lood in  the
ar te r ies  in  one d i rec t ion  on ly .

This figure is from tlfot/clay's exce'llent English trans-
lat ion of Gilbert 's rvork, John \\ / i ley ct Sons, Nerv York, rEgl,
p.282. The points C and D here correspond rvith Erlrr 's

Bd,. zr7, r 8
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sonth pole and north pole, A and B, and thus it inay be
that Euler 's diagram of 1744 had i ts inspirat ion' in an earl ier
diagram of Gilbtrt, t6oo. i

Accordingly the defects in the tradit ional theory of
magnetism doubtless arose original ly from the way the south.
seeking pole points when brought to the earth's poles. I t
represents this point ing phenomenon faithful ly, but gives us
no idea of t i re correct theory of magnetism, as now expressed
by the forrnulae for the ponderomotive force in the observed
mutual act ion of two magnets

In  AN 5o79,  p .  247,  we have ca l led  a t ten t ion  to  Mas- .
ucl ls indist inct reasoning, in his address on Action at a Di-
stance, respecting the push and pul l  forces between a mag-
netic ncedle and a rvire bearing a current, as in Ocrslcd's
experiment. 

' , t 'hus i t  only rernains to formulate an expression
for the poncieromotive force by which the magnetic needle
is drarvn to the rvire, as fol lows:

F-  t oz i f r - r y , x i f r (z  z6)

where g, and p are the strengths of the two poles of the
magnetic needle, z is a constant, z the strength of the cur-
rent, and r the shortest radial distance of the poles from
thc  ax is  o f  thc  rv i rc .

J i io t  anr l  Sauar t ' s  law o [  r8zo  (AN 5o7q,  p .  ,55) ,  cor res-
y ronds  to  thc  abovc  lo r rn  o f  express ion ;  and as  t l re  need le
:rcts as i f  the niagnetism rvere centred in i ts poles, this
cx t raor< l inar i l v  s i rnp lc  fo rmnla  resu l ts  fo r  the  ponderomot ive
ac t ion  o f  a  cur rcn t  in  a  s t ra igh t  rv i re  upon a  rnagnet ic  need le
rv i th  po les  a t  the  r l i s tance r .  I f  the  d is tance o f  the  t rvo
poles fronl the axis of the rvire be unequal, r  and /,  lhe
for rnu la  becones very  s l igh t ly  more  complex :

1 ;  -  
I r , x i f r - + - 1 t , 2 t i f r '  :  p , x i ( r f r - r r f r ' \ .  b r l )

Exper iments  made by  me in  r9 r4 ,  show tha t  these
ponderomotive forces are real,  and very sensible to obser-
va t ion .  1 [  the  need le  be  ou t  o f  i t s  pos i t ion  o f  equ i l ib r ium,
it  tends to turn around, as in Ou'sttzl 's experiment. I f  re-
versed from its natural posit ion, there rvould of course be
a change of sign in 1i and reprr lsion rvould rcsult ;  but from
the point of vierv of the rva'r 'e-theory, the case of attract ion
is  fe r  rnorc  in te res t ing .

( i i i )  Results of recent investigations in regard to the
cause o f  magnet isn  and grav i ta t ion .

a) Viervs of Air l ' :  In his Treatise on Magnetism, r87o,
Airy expresses hirnself thrrs:

>In ordinary observation, magnetism is scarcely known
except as exist ing in iron and especial ly in steel,  and as
related in some obscure manner to the earth. But there is
reason to bel ieve that i t  is one of the most extensively dif-
fused agents in nature. I t  can be traced not only in iron
but  a lso  in  every  subs tance in to  wh ich  i ron  (one o f  the  most
widely spread substances in nature) enters in composit ion,
It  is found in nickel and other substances, and even in
some gases. Wherever a galvanic current exists in nature,
rvhether produced by chemical act ion or appearing in the
thernro-electr ic form as originating from the effects of heat
at the place of union of dif ferent substances, magnetic effects
can be el ici ted. On the larger scale i t  is certain that the whole
earth acts as a combination of magnets, and there is reason
to think that the sun and the moon also act as masnets(.



2 7 5

.  Yet after developing a comprehensive treatise writ ten

with his usu'al masterly abi l i ty, and making great use and

high commendation of the researches of Gauss, Airlt con'

cludes his work (p. zzo) with the fol lowing somewhat tnelan-

cho ly  remark :
>On the whole, we must express our opinion, that the

general cause of the earth's magnetism st i l l  renrains one of
the mysteries of cosmical physics.<

b) Views of Maruel l :  We shal l  now exarnine Morpel ls
views on magnetistn and gravitat ion. In the celebrated art icle
on Attract ion, (Scient. Pap., vol.  I I ,  p. a88) '4[arurcl l  reasons
as fol lows:

tFarada! showed that the transmission of electr ic and
magnetic forces is accompanied by phenornena occurring in
every part of the intervening rnedium. He traced the l ines of
force through the mediuur; and he ascribed to them a ten-
dency to shorten themselves and to separate from their neigh-
bors, thus introducing the idea o[ stress in the nrediuur in
a different form from that suggested by Ncwtott: for, rvhcreas
Neutton's stress was a hydrostat ic pressure in every direct ion,
Faraday's is a tension along the l ines of fbrce, cornl i ined
with a pressure in al l  nonnal direct ions By showing t lrat the
plane of polarisation of a ray of. l ight passing through a trrns-
parent  med ium in  the  d i rec t ion  o f  the  magnet ic  fo rce  is  tnadc
to rotate, Faradal, not only demonstrated the action o[ rnagne-
t i sm on l igh t ,  bu t  by  us ing  l igh t  to  revea l  the  s ta te  o f  rnag-
net isa t ion  o f  the  med iunr  he  

' i l l un ina ted ' ,  
to  use  h is  o rvn

phrase,  
' the  l ines  o I  megnet ic  fo rce 'o .

rFrom this phenomenon T/tott tsott afterrvards proved, by
str ict dynamical reasoning, that the transmission of rnagnetic
force is associated with a rotatory nrot ion of the sntal l  parts
of the medium. He showed, at the sanre t ime, how the centr i-
fugal force due to this motion would account for magnetic
attract ion. <

>A theory of this kind is rvorked out in greater detai l
in Clerl I'Iarutell's Treatise on Electricity and N'lirgnetism. It
is there shown that, i f  lve assume that the mediunr is irr  a
state of stress, consist ing of tensioD along the l ines of force,
and pressure  in  a l l  d i rec t ions  a t  r igh t .ang les  to  the  l ines  o f
force, the tension and the pressure being equal in nunrerical
value and proport ional to t lre square of the intensity of the
fieid at the given point, tbe observed electrostat ic and electro-
nragnetic forces rvi l l  be completely accounted for.<

>'I 'he next step is to account for this state of stress in
the mediunr. In tbe case of electromagnetic force rve avai l
ourselves of Thortson's deduction front Farada.y's discovery
stated above. We assunre that the small  parts of the medium
are rotat ing about axes paral lel to the l ines of force. 

' l 'he

centr i fugal force due to this rotat ion pioduces the excess of
pressure perpendicular to the l ines of force. ' I 'he explanation
of electrostat ic stress is less satisfactory, but there can be no
doubt that a path is now open by rvhich we may trace to
the action of a n.rediurn al l  forces which, l ike the electr ic and
magnetic forces, vary inversely as the square of the distance,
and are attract ive between bodies of dif ferent nautes, and
repulsive betleen bodies of the same names.((

>The force of gravitat ion is also inversely as the square
of the distance, but it differs from the electric and nragnetic
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forces in this respect, that the bodies between which i t  acts
cannot be divided into two opposite kinds, one posit ive and
the ot l .rer negative, but are in respect of gravitat ion al l  of
the sanre kind, and that the force between them is in every
case attract ivc. To account for such a force by means of
stress in an intervening medium on the plan adopted for
electr ic and magnetic forces, we must assume a stress of an
opposite kind from that already mentioned. We must suppose
that there is a pressure in the direct ion of the l ines of force,
conrb ined rv i th  a  tens ion  in  a l l  d i rec t ions  a t  r igh t  ang les  to
the l ines of force. Such a state of stress rvould, no doubt,
account for the observed effects of gravitat ion. We have not,
irowever, been able hitherto to imagine any physical cause
for such a state of stress.o

I t  l ras  been shown in  AN 5o48,  pp .  t6z - t ( t4 ,  tha t  th is
last vierv of Marutel l ,  assigning a pressure in the direct ion
of  the  grav i ta t iona l  fo rce ,  i s  e r roneous.  \Ve  t rea t  o f  h is  ca l -
cu la t ions  o f  s t ress  in  sonre  de ta i l  sec t ion  9  ( i i )  above,  and
cor rec t  a  nuurer ica l  e r ro r  rvh ich  has  s tood about  ha l f  a  cen-
tury. I t  thus sufhces to add tbat rvhat ,4faruel l  could not
solve rvas even ll)ore bervildering to l,ord t{cluin, f{eltr/toltz,
and o ther  inves t iga tors .

r \nd  as  l igh t  cou ld  no t  be  shed on  nragnet is rn ,  i t  need
r - ro t  surpr ise  us  tha t  the  mystery  o f  the  cause under ly ing
grav i ta t ion  has  renra ined comple te .  In  a  learned paper  in
t l r e  P r o c .  1 { .  S o c . ,  v o l . 5 4 ,  r 8 9 3 ,  p . 4 5 ? ,  I ' r o f .  L a r n t o t ' c o n -
c ludes  l - i y  say ing  tha t :  ) ' fhe  cause o f  the  phenonrenon o f
gravitat ion has hitherto rernained perfect ly inscrutable<<.

c) \r iervs of Lord l{ t lui t .  In the introduction to the
I , )ng l i s l r  ed i t ion  o f  / {e r /z 's  U lec t r i c  Waves,  r8SS (pp .x i i -x i i i ) ,
Lord -Kcluin expressed hinrself as follows regarding JiaradaJ's
researches :

> l lu t  be fore  h is  death ,  in  r867,  he  had succeeded in
inspir ing the r ising generation ol.  t l re scienti l ic world with
soniethirg ayrproaching to faith that electr ic force is trans-
nr i t ted  l , ry  a  rned iu rn  ca l led  e ther ,  o f  rvh ich ,  as  had been
l , le l iever l  i ; y  t i re  rvho le  sc ien t i t i c  rvor ld  lb r  fo r ty  years ,  l igh t
arrd radiant heat are transverse vibrat ions. F'oraday hirnself
did not rest r i ' i th this theory for electr ici ty alone. ' I 'he very
last t i rrc I  sarv hinr at rvork in the l{oyal Inst i tut ion in an
nndergroun<l cel lar, rvhich he had chosen for freedom fi 'onr
d is tu rbance;  and he  was ar rang ing  exper iments  to  tes t  the
tinre of '  propagation of magnetic force from an electromagnet
through a distance of many yards of air to a f ine steel needle
po l ished to  re l lec t  l igh t ;  bu t  no  resu l ts  carne  f ro rn  those
experinrents. r\bout the same t ime or soon afterrvard, certainly
no t  long  be fore  the  end o f  h is  work ing  t in re ,  he  was engaged
(I bel ieve at the shot tower near \Vaterloo Bridge on the
Surrey side) in efforts to discover relat ions between gravity
and rnagnet is rn ,  rvh ich  a lso  led  to  no  resu l t .<

>r \bso lu te ly  no th ing  has  h i ther to  been done fo r  g rav i ty
e i ther  by  exper in ren t  o r  observa t ion  towards  dec id ing  be tween
Neulott and Bu'ttou/li, as to the question of its propagation
through a  med ium,  and up  to  the  present  t ime we have no
l ight, even so much as to point a way for investigation in
that direct ion. But for electr ici ty and magnetism -Faradal 's
anticipations and Cbrrt Ma*uell 's splendidly developed theory
have been establ ished on the sure basis of experiment by
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Hcrtz's work, of which his own interesting account is norv
presented to the English reader by his translator, Prof.
D. E. Joncs. It is interesting to know, as Eerlz expll-lns in
his introduction, and i t  is very in.rportant in resltcct to the
exper imenta l  dernons t ra t ion  o f  magnet ic  waves  to  wh ich  he
was led, that he began his electr ic researches in a problem
happily put before him thirteen years ago by Prof. u. I{ehn-
ho l tz , .o f  rvh ich  the  ob jec t  was  to  f ind  by  exper in ren t  some
reiat ion between electromagnetic forces and dielectr ic pola-
r isat ion of insulators, without, in the f irst place, any idea of dis-
covering a progressive propagation of this force through space. (

This citat ion is important for shorvins the grea,t }?ara-
day's convict ion of a connection between magnctisrn and
gravitat ion, and also for showing the signif icance of I{ertz's
researches on forces due to waves propagated throush the aether.

A b s o l u t e  C o n t i n  n i t y  a m o n g  t h e  F o r c e s  o f  N a t t i r e ,
I f  after trvo centuries of effort,  front the t ime of Ahulott

and Bcrnoull i ,  such great mystery st i l l  hung over this question
of the connection betrveen gravitat ion and electrodynarnic
ac t ion ,  under  e lec t r i c  and rnagnet ic  fo rces ,  as  v ie rved by  the
comprehensive and experienced mind of Lord .I i r lutn, st i l l
more imperative rvas i t  the rvri tgr 's duty to develop the
connection between nrngnetism and gravitat ion. Yet this rvas
much nrore dif fcult  than i t  rnight seem at f i rst sight.

r,  In I)r.  K. F. I lot/ l i t tgu. 's Inaugural I) isscrtat ion at
the university of [{unich , tgr 2, i t  is stated that Ji ins/t in l- tad
been so  unsuccess fu l  in  h is  a t ten tp t  to  connect  g rav i ta t ion
wi th  e lec t rodynamic  ac t ion  tha t  he  had r lu i te  tu rned arvay
from it .  Out o[ t l t is l i i rsl t i t t  fai lure grerv the much discussed
but  fa lse  doc t r ine  o f  I le la t i v i t y .  I t  rvas  prer .n : r tu re l l ' cxp lo i ted
in  Eng land,  by  the  Roya l  soc ie t ies  and by  sc icn t i f i c  journa ls ,
wh ich  have s ince  reere t ted  the  record  o f  th is  i l l -ady iscd  course .

z .  Norv  tha t  g rav i ta t ion  is  d i rec t l y  connectcd  * ' i th  rnag-
net ism,  and rnagnct is rn  i t se l f  an  e lec t rodynarn ic  phcnor lcnon,
i t  fo l lo rvs  incontes tab ly  tha t  un iversa l  g rav i ta t ion  a lso  is  an
e lec t rodynamic  fo rce .  Accord ing ly  i t  i s  ev i r len t  tha t  the
present successful breaking dorvn of the cornplete i-solat ion
rvhich so long separated gravitat ion from the ot lrer forccs of
the  un iverse  is  a  s teyr  o f  no  ord inary  s ign i f i cancc .

3. .Farada1, had the r ight idea, based on the do<:tr ine
o f  con t inu i ty  fo r  a l l  the  fo rces  o f  na ture ,  r866,  as  a l ;oyc
described by Lord J{rluin. Rut in Faratla1is day the Royal
Soc ie ty  o f  London rvou ld  g ive  no  heed to  h is  v iews,  any
more than they rvould to the similarviervs sct forth in nry
Pre l im inary  Paper  o f  rg r4 ,  rvh ich  rvere  rcgarded favoreb ly "
by such an authority as the late Lord I?a1' l t t ,g/t .  Thus, orving
to  the  lack  o f  v is ion  o f  the  re fe rees  o f  the  Roya l  Soc ie ty ,
Faradalis correct ideas were smothered for half  a century,
and never  cou ld  have t r iumphed bu t  fo r  my good fo r tune in
gett ing the I 'ork cornpleted and published in these papers on
the New Theory of the Aether. In defcrence to the revered
memory of Ncuton, one rvould have thought that i f  the referees
of the Royal Society could not lead in this rvork of discovery,
they certainly would encourage such effort on the part of
o thers  fo r  i l l umina t ing  the  cause o f  g rav i ta t ion .

4. But in vierv of their utter fai lure, i t  appears that the
same weakness  o f  lnanagement  ex is ts  now,  as  in  r686,  rvhen
they evaded the publication of Netal ln's Principia, and com-
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pelled, Eallcy to print it at his private expense. tet the simple
record of fact - that they discoura ged Neaton, t686: Faradal;
r 8 6 6 i m y s e l f ,  r 9 r 4 - r 6 ;  a n d  i n  t 9 t 6 - t 9 ,  a c t u a l l y  c h a m p i o n e d
Relativi ty agaihst the Neutonian Philosophy - tel l  the story
of the l{oyal Society, whether the organization ever is effect ive
in promoting the highest discoveries, such as Netaton wolld
approYe.

The l ,hi losophical Transactions during the last 5o years
has perhaps a dozen learned mathematical memoirs on electr ici ty
and magnetism, especial ly on Maxarl/ 's equations for the
e lec t ro rnrgnet ic  f ie ld ,  ye t  no t  one o f  the  au thors  d isc loses  the
smallest knorvledge of the fundamental errors in the theory
of rnagnctisnr handed down from the days of Gil furt,  16oo,
and Eulcr, r744, thotrgh one or two recent authors discuss
the hypothetical Magneton, rvhich has no real existence. I{ence
as they made no progress torvards the cause of magnetism,
rve have recently had what l)r . I l /hcutcl l  cal ls a stat ionarv neriod
in  phys ica l  sc icncc .

( ir ' )  General considerations on t lrc highest larvs of nature.
It is one of the great rnerits of Sir fsaac Nctaton's law

of  un iversa l  g rav i ta t ion :

1f 
- n171'f 72 (z zs)

tha t  i t  i s  ex t remely  s imp le ,  and a t  the  same t ime o f  the  u tmost
genera l i t y .  Accord ing ly  235 years  a f te r  the  pub l ica t ion  o f  the
Pr inc i l r ia  ( r  637) ,  rve  f ind  tha t  the  Nezaton ian  la iv  s t i l l  accounts
yrer fec t l y  fo r  the  observed mot ions  o f  the  ce lcs t ia l  bor l ies ,  ex-
cc l ) t  as  rnod i f i cd  by  the  add i t ion  o f  the  smal l  te r rns  in l l / t Iu ,s
l a n '  o f  r 3 4 6 ,  u ' h i c h  t a k e  a c c o u n t  o f t h e  i n d u c t i o n  a n d  c h a n s e
o f  t l r c  i n d r r c t i o n ,  r r n d e r  r v a v e - a c t i o n  p r o y l a g a t e r t  ^ . r o r . . p ^ i "
s ' i th  thc  vc loc i t l '  o f  l i gh t .

A favorite ntotto froln Shahcsltart 's King Lear, sceneII,
rvas  adopted  by  Gauss ,  in  phys ica l  sc ience:

)Thou,  na ture ,  a r t  my goddess ;  to  thy  la tvs  my serv ices
a r e  b o u n d : <

and thc  rn le  fo r  very  per fec t  p roduc t ions :
>>Pat rca  sed mat t t ra .<

' l ' hus  judged by  the  exper ience o f  th is  g rea t  mathemat ic ian ,
the chief object of the explorer of nature is the discovery of
gencra l  and un iversa l  laws wh ich  are  h igh ly  per fec t  and admi t
of no exceptions. Accordingly rve notice the analyt. ical simi-
lari ty of the larvs of magnetic intensity to the Netotozrian law
of gravitationt r: f+f, : 1t*,f s2+,,,,,f s,2

g - ntn'f r2
1z:  y ,1 t ' f s2- l4 t , l s '2 ,  F ,  -  

1 t ,p , fs ,2 -1r ,1 t , f s2 .  ( rSo)

The 6rst force is directed to two poles, usually at unequal
cl istances, .r  and J/,  along the curved l ines of the magnetic
forcg, rvhi le the second force is directed to a single centre,
the centre o[ gravity of the whole mass. There is therefore
a great similari ty in the above larvs, yet the dif ference ine-
vitably result ing from recti l inear attract ion towards a single
centre, and the duali ty of porvers result ing from stresses
directed towards two centres or poles, along curved l ines.

As magnetism is characterized by polari ty, while gravi-
tat ion shows an utter lack of polari ty, and depends wholly
on a mean central act ion only, one cannot doubt that the
above laws of nature are uit imate.

Sondernummer
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.  The very simplici ty of the law of magnetic attract ion,
and its close analogy with the Ncwtonian expression for gravi-
tation, shows that the fundamental law of magnetism nray be
expected to withstand the ravages of t ime, just as the law
of gravitation has done for over two centuries.

, Perhaps the above formulae are typical of the highest
laws of nature. Magnets exert magnetic attract ion only through
the mutual act ion of their poles; the forces are therefore
directed to these poles, and fol low extremely sinrple laws,
although the action is conveyed along curved l ines,

. ln the case of gravitat ion, on the other hand, the forces
result from the integrations of the actions of the several
atoms at their respective distances, yet practical ly this mean
action reduces to a single force directed to the centre of
gravity of the mass, at least for spheres and spheroids dif fering
but l i t t le from spheres.

'  We perceive, therefore, as the result of experience, that
the great larvs of nature are extremely simple, and of the
utmost general i ty in their character. When these quali t ies
are not assured by any announced law, i t  is to be suspected
that what may be cal led a law of nature is not ult inrate,
but at best only a f irst approximation, and sorpetinres wholly
erroneous, without being even approximately true.

The fo rmulae  o f  l te la t i v i t y l )  obv ious ly  la l l  in  the  c lass
of rejected laws. ' l 'he theory is too con'rplex, vague and chimerical
to represent any permanent advance in pbysical science.

I t  i s  jus t l y  remarked.  tha t  i t  has  a l l  the  weakne ss  o f  the
Pto lemaic  sys tem o f  as t rononry ,  rv i thout  the  ex tenuat ing  c i rcur r r -
stance, appl icable to Plolt tn1)s conrplex systenr, that i t  arose
in  a  p r im i t i ve  age,  when knowledge o f  the  heavens was no t
yet subjectcd to the Experimentum Crucis of an exact test.
Moreover, I{elat ivi ty was born of complexity, not of simplici ty;
i t  involves so much misapplication o[ rnathematics, rvi thout
physical basis, - such as the so-cal led four-dimensional t ime-
space.rnanifolds, curvature o[ space, geodesic curves, etc. -

that an experienced natural phi losopher cannot defend i t .
Thus the doctr ine of Relat ivi ty has not enl ightened, but rather
confused the  sc ien t i f i c  wor ld .  Out  o la l l  th is  mass  o [d iscuss ion
not one clcar truth has ernerged, except perhaps the rvarning to
beware of doctr ines lvhich pride thenrselves on their conrplexity,

I 'he larv for the ponderomotive force rvhich trvo rnagnets
exer t  on  each o ther ,  g iven  in  equat ion  (z3o)  above,  i s  equa l ly
remarkable for i ts simplici ty and i ts general i ty. ' l 'here can
be no  doubt  whatever  tha t  th is  iaw is  u l t ina te .  l t  i s  eas i l y
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verif ied by experiment, and fol lows at once from the law of
magnet ic  in tens i ty  g iven  above in  equat ion  (ze9) .

It frequently is said that the successors of -Kcplcr and
Nctulott have been so' much occrrpied with the veri f icat ion of
the larvs of these great masters, under the complex condit ions
ofthe actual universe, that the more recent investigators seldom
have been ab le  to  add to  the  laws o f  na ture .  Undoubted ly
it  is a disadvantage to be so much bewildered by a nrult i tude
of  secondary  phenomena tha t  we lose  s igh t  o f  the  s ign i f i can t
outstanding features of any problern.

No doubt  the  modern  s tudents  o f  magnet is rn  have been
bervi ldered rvith ref inements, and thus rvere unable to discover
the  er ro rs  in  the  foundat ions  o f  the  theory  o f  magnct ism handed
d o r v n  b y  t r a d i t i o n s  d a t i n g  f r o n r  r 5 7 6 ,  1 6 o o  a n d  r 7 4 4 .  W h e n
such fundanrenta l  e r ro rs  o f  p r inc ip le  a re  invo lved in  our
theor ies ,  the  nrere  rehnement  o f  measurement  rv i l l  ac ld  l i t t le
to  our  s tock  o f  y rhys ica l  knorv ledge.  I le lb re  rea l  p rogress  can
be expec ted  the  er roneous theory  n rus t  be  uncond i t iona l l y
th rown overboard ,  and a  nerv  s ta r t  made,  on  the  bas is  o f  t rue
laws of nrture, rvhich may be recognized, chief ly by their
s i m p l i c i t y .

Often rve rnust turn our eyes away l iom great masses
of  observa t ions ,  les t  the  s in rp l i c i t y  o f  genera l  Iaws be  los t
s igh t  o l  in  a  hope less  mass  o f  berv i lder ing  de ta i l .  ' l ' he  in -
ves t iga tor  o f ten  is  in  the  pos i t ion  o f  the  exp lo rer  u ,ho  canno!
see the general character of the forest on accor. lnt of the
t recs  w l r i ch  c rorvd  too  c lose  cbont  h i r r r .  ' i ' hus  in  the  presen!
inves t ig l t ion  I  have depended nruch less  upon the  nragnet ic
observu t ions  o f  the  pas t  75  years ,  than uDon t l re  genera l
results already knorvn to I{uuboldt and Gauss. As i t  rvas
the data of their arbitrary scale of intensit ies, for the earth's
magnetisnr, rvhich enabled me to reach the general larvs
here  g iven,  I  have re ta ined the i r  sca le  in  the  maps and
diagrams of this paper. ' l 'he 

mult ipl ier given by Sabinc for
conver t ing  these nurnbers  in to  the  abso lu te  sca le  i s  7 .57 .

And s ince  i t  rvas  a  sonrervhat  h idden d ianrond acc i -
dental ly dropped by Gauss arnidst his profound calculat ions
on the  amount  o f  n ragnet isur  in  the  ear th ,  tha t  f ina l l y  en-
abled nre to work out and veri fy the connection between
the nragnctisnr of the earth and terrestr ial gravitat ion 2), I
grate{ul ly crown the great nrathematician rvith a laurel wreath,
by selcct ing his portrait  for the frontispiece to this con-
c lud ing  l ) r [ )e r  on  the  Nerv  'Lheory  

o f  the  Aet ] re r .
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' )  I l ve r  s ince  coml r le t ing  the  f i rs t  paper ,  AN 5o44,  Jan.  r4 ,  rg2o,  t l re  p rescnt  rv r i t c r  I ras  rccogn ize t l  c lear ly  the  fa l lacy  o f  the  I : ; i l i l r i i l

Theory  o f  lLe la t i v i t y .  Va l id  r r ra thcrna t ica l  and phys ica l  reasons  lb r  the  rq iec t ion  o f  the  rvho l r  t l reory  a re  g iven in  AN 5o44,  and in  AN 5o48,
t h e l a t t e r p a P e r d a t e d F e b r . I 9 , l 9 z o ' I t i s g r a t i f y i n g t o n o t i c e t h a t l ) r o f . I ' u l | \ i n / j u j t n t l l , r o 1 . . I i n t i / c I ' i c u r ,
communica t ions  to  the  Par is  Academy o f  Sc iences ,  Oct .  24 ,  r9z I ,  have con l l r rncd  rny  conc lus ions  l ro ru  sonrewhat  d i l ie ren t  po in ts  o f  v iew.  IJo th
o f  these enr incn t  n ra tbemat ic ians  re jec t  the  doc t r ines  o f  E ins l t i t t ,  and  sup l )o r t  tbe  . / \ t t r t ' / r ' n tan  r r techan ics .  As  they  had rece ived cop ies  o f  the

success ive  pa l )e rs  on  the  Ne lv  
' l ' heory  

o f  the  Aether ,  t l re i r  announced suppor t  o f  rhe  t \ I tu ' lo t t ian  doc t r ines  in  na tura l  ph i losophy is  no t  sur l r r i s ing .

Under  the  k ine t ic  theory  o f  the  Aether  any  o t l re r  pos i t ion  is  rvho l l y  un tenab le ,  bu t  they  d id  we l l  to  g ive  pub l ic  no t ice  o f  the  danger  in to  rvh ich
many unwary  soc ie t ies  and inves t iga tors  hac l  fa l len .

') ln an article, lvritten for Populai Astronomy, about r894, it rvas statecl by I 'rof. ..1:ay'/t l lal l t lrat in his tinte LQlace had tlone more

for  as t ronorny  than a l l  the  Un ivers i t ies  o f  l Jurope courb incd .  In  thc  sarne  rvay  i t  i s  ev i t le r r t  tha t  Gazsr  d id  n rore  fo r  te r res t r ia l  rnagnet is rn  than
a l l  o ther  au thor i t ies  o f  every  age cornb ined,  and hencefor th  h is  s 'o r l i  takcs  on  vas t ly  inc rcaset l  s ign i6cance,  f ro rn  the  connect ion  norv  es tab l i shed

between magnet ism and un ivcrsa l  g rav i ta t ion .  S ince  235 years  have e lapset l  s ince  the  pub l ica t ion  o f  Ncu lo t i s  I ' r inc ip ia ,  and ye t  no  rea l  p rogress

was made to rvards  so lv ing  t l re  p rob lc rn  o f  the  cause o f  g rav i ta t ion ,  o r  sho lv ing  tha t  g rav i ta t ion  is  an  e lec t rodynan ic  phenomenon,  \ve  th ink  i t
very  improbab le  tha t  a  so lu t ion  cou ld  be  e f fec ted  rv i thout  the  resu l ts  g iven  by  Cuuss '  rne thod,  as  fu r ther  deve loped i t r  the  present  paper .

A n d s i n c e } i t r a d u 1 , s a t t c I I l p t S a t c x p e r i t n e l 1 t a l p r o o f o | a c o n t t e c t i o l t b e t l v e c t r I t t a g t t e t i s t t r a t t d g r a v i t a t i o n
method o f  a t tack ing  the  prob le rn  succeeded,  by  v i r tue  o f  Cuuss '  theory ,  I  look  r rpon Gansr '  theory  as  one o f  the  nros t  p rec ious  produc ts  o f  the

human in te l lec t .  For  rvhen every  o ther  resource  fa i led ,  Gazss '  theory  adrn i t ted  o f  a r ra ly t i ca l  deve loprnent  wh ich  enab lcd  us  to  so lve  the  grea tes t

ou ts tand ing  phys ica l  p rob le rn  o f  the  centur ies !
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'  As' the genius of Gauss incidental ly brought out the
results which gave the fractional part of the earth that is
magnetic, and thereby made i t  possible to connect the mas-
netism of the globe with terrestr ial gravitat ion, thus breaking
down the hitherto inscrutable isolat ion of the chief force of
nature, we may exclaim of Gauss, even more appropriately
than Fouricr could of Laplace:

>It is the great mathematician rvhose memory we
celebrate. ((

' By a fortunate circulnstance it turns out that lttunboldt
was not only the l i fe- long fr iend and cooperator with Garzss
in establ ishing the study of terrestr ial magnetism upon a
scienti f ic basis, but also the idol of my youth, the perpetual
inspirat ion to a career o[ discovery. These early impressions
were of the greatest inf luence during my student days at the
university of Rerl in, so that I  very frequently visi ted l{un-
loldl's country place at Tegel. Who knorvs rvhat influence
these associat ions have had in leading me to a r igorous
proof of the connection between magnetism and terrestr ial
gravitat ion, since these researches were begun in rgr4, and

.such a connection definitely indicated to thd Royal Society
o f  London?

Eanboldt regarded his discovery of the law of the
increase of the earth's total magnetic intensity from the
equator torvards the poles as the most important result of
h is  Amer ican voyage o f  d iscovery ,  r798- r8o4.  Accord ing ly ,
in  venera t ion  o f  the  nremory  o f  th is  g rea t  man l ) ,  I  c i te  h is
own account  o f  the  d iscovery  o f  th is  g rea t  law (Cosmos,
B o h n  T r a n s l a t i o n ,  r ' o l .  I ,  p p . t 7 9 - r 8 r ) :

rThe fol lowing is the history of the discovery of the
law that the intensity of the force increases ( in general) with
the magnetic lat i tude. When I was anxions to attach myself
in r798 to the expedit ion of captain Batdin, who inrended
to circumnsvigate the globe, I was requested by llorda, who
took a warm interest in the success of my project, to exa-
mine the osci l lat ions of a vert ical needle in the magnetic
meridian in dif ferent lat i tudes in each hemisphere, in order
to determine whether the intensity of the force rvas the same,
or whether i t-  varied in dif ferent places. During my travels
in the tropical regions of America I paid much attention to
th is  sub jec t .  I  observed tha t  the  same need le  wh ich  in  the
space o f  ten  n t inu tes  made 245 osc i l la t ions  in  l ,a r i s ,  246
in the Havana, and z 4z in N{exico, performed only z r 6
osci l lat ions during the same period at San Carlos del Rio Negro,
( ro53 'nor th  la t .  and 8oo4o '  rves t  long .  f rom l 'a r i s ) ,  on  the
magnet ic  equator  i .  e .  the  l ine  in  rvh ich  the  inc l ina t ion  -  o ,
i n  P e r u  ( 7 " r ' s o u t h  l a t .  a n d  8 o " 5 4 ' r v e s t  l o n g .  f r o n r  I , a r i s )
o n l y  z r r ;  w h i l e  a t  L i m a  ( r z o z ' s o u t h  l a t . )  t h e  n u n r b e r  r o s e
to  2 rg .  I  found in  the  years  in te rven ing  be t rveen rTgg and
r8o3,  tha t  the  who le  fo rce ,  i f  we assume i t  a t  r .oooo on
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the magnetic equator in the Peruvian Andes, between Mi-
cuipampa and Caxamatca, may be expressed at Paris by
r .g48z ,  in  Mex ico  by  r .3 r55 ,  in  San Car los  de l  R io  Negro
by  r .o48o,  and in  L ima by  r .o7  7  3 .  lYhen I  deve loped
this law of the variable intensity of terrestr ial magnetic force,
and supported i t  by the numerical value of observations
insti tuted in ro4 dif ferent places, in a Memoir read before
the Paris Inst i tute, on the z6th Frimaire, An XIII ,  (of which
the mathematical port ion was contr ibuted by M. Biot),  the
facts were regarded as altogether new. I t  was only alter
the reading of the paper, as Biot expressly states (Lamlthcric,

Journa l  de  Phys ique,  t .  59 ,  p .  446,  no te  2 ) ,  and as  I  have
repeated in the Relat ion historique, t .  r ,  p. z6z, note r,  thet
NIr. dc Rosscl communicated to ^Biot his osci l lat ion exDeriment3
made six years earl ier (bettueen r 7 9 r and r 7 94) in V"n
Diemen's Land, in Java, and in Amboina. These experirnents
gave evidence of the same law of decreasing force in the
Indian Archipelago. I t  must, I  think, be supposed that this
excel lent man, when he wrote his work, was not aware o[
the regulari ty of the augmentation and diminution of the
intensity, as before the reading of my paper he never men,
t ioned this (certainly not unimportant) physical law to any
of our mutual friends, Laplace, Dclanbrc, hon1, s, Riol, It
rvas not t i l l  r8o8, four years after my retrrrn from America,
that the observations made by l t l .  dc Rosscl were published
in  the  Voyage de  L 'Ent recas teaux ,  t .  z ,  pp .  287,  z9r ,  12r ,
48o,  and 644.  Up to  the  present  day  i t  i s  s t i l l  usua l ,  in
al l  the tables of magnetic intensity which have been pub.
l ished in Germany (I{anslccn, Magnet. der Erde, r 8 r 9, p- 7 r ;
Gauss, Reob. des l l lagnet. Vereins, r838, p. 36-39; Erman,
Phys ika l .  Beob. ,  r84r ,  p .  529-57s) ,  in  Eng land (Sab inc ,  Re.
por t  on  Magnet .  In tens i ty ,  r838,  p .  43-62 ;  Cont r ibu t ions  to
Terrestr ial Magnetism, r843), and in France (Bccqucrcl,Trait6,
d ' E l e c t r .  e t  d e  M a g n d t . ,  t . 7 ,  p . 3 5 4 - 3 6 7 ) ,  t o  r e d u c e  t h e
osci l lat ions observed in any part of the earth to the standard
of force which I found on the magnetic equator in Northern
Peru; so that, according to the unit thus arbitrari ly assumed,
the intensity of the magnetic force at Paris is put down as
r.348. ' fhe 

observations made by Lananon in the unfortunate
expedit ion of I-a Pirouse, during the stay at Tenerif fe (tZ8S),
and on  the  voyage to  Macao ( rZ8Z) ,  a r 'e  s t i l l  o lder  than
those of adnriral Rosscl.  They were sent to the Academy
of Sciences, and i t  is known that they were in the possession
of  Condorcc t  in  the  Ju ly  o f  1787 (Bcquerc l ,  t .7 ,  p .3zo) ;
but notrvithstanding the most careful search, they are not
now to be found. From a copy of a very important letter
of Lananon, now in the possession of captain Dupcrrcy, which
rvas adressed to the then perpetual secretary of the Acaderny
of Sciences, but was omitted in the narrat ive of the Voyage
de La Pirouse, i t  is stated 

' that 
the attract ive force of the

magnet is less in the tropics than when we approach the

\ )  Eunbok{t 's  extensive and var ied researches on the magnet ism of  the earth exterrded over more than 6o years,  In addi t ion to h is
own notable ser ies of  observat ions,  especia l ly  dur ing the t ravcls in Arncr ica,  t79g-t8o4,  ancl  the expedi t ion to Central  Asia,  r8zg,  he secured
the cooperat lon of  the Russian and Br i t ish Governments for  the establ ishment o[  chains of  rnagnet ic observator ies throughout the northern and
sou the rnhem isphe res , t 83o - l 84o ,andby r t ass i n theAn ta r c t i c , r 34 r .  I l ea lwayscoope ra ted rv i t h  GaussandL l / cbc r , and , t husa ided theobse rva t i ona l
foundat ion of  Gauss'  Al lgemcine Theor ie des .Erdrnagnet isrnus,  t838.

After eight years of researches .in the wave-tlreory of physical forces, antl the frequent use of flunbohll's Cosmos for exactly forty years,
the present atr thor-6nal ly  was enablcd to establ ish betq 'ecn cosmical  magnct ism and universal  gravi tat ion rhe remarkablegeneral  lawofnature:
I lg:  t1 ' r ( r ! ls . -+r t ls ' ' ) .  I lence the addi t ion of  h is port ra i t  to th is concluding paper on the New Theory of  the Aether . " !  u"  dedicated to the
revered memory of Hunbolit

r9.
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poles, and that ' the magnetic intensity deduced from the

number of osci l lat ions of the needle of the incl ination'compass

varies and increases with the lat i tude'.  I f  the Academicians,

while they continued to expect the return of the unfortunate

La Pdrouse, had felt  thenrselves just i f ied, in the course of

r787,  in  pub l i sh ing  a  t ru th  wh ich  had been independent ly

discovered by no less than three dif ferent travel lers, the

theory of terrestr ial magnetism rvould have been extended

by the knowledge of a new class of observations, dating

eighteen years earl ier than they now do, This sirnple state-

ment of facts may probably just i fy the observations contained

in  the  th i rd  vo lume o f  rny  Re la t ion  h is to r iq r re  (11 .6r5) : - -

"I 'he observations on the variat ion of terrestr ial magnetisrn,

to which I have devoted nryself for thirty-two years, by tneans

of instrunrents, rvhich adnii t  oI comparison with qne another,

in  Anrer ica ,  Europe and As ia ,  e tnbrace an ,area  ex tend ing

over r8B degrees of longitucle, frour the frontier of Chinese

Dzoungarie to the rvest of the South Sea bathing the coasts

of Mexico and I 'eru, and reaching fronr 6oo north lat.  to

r zo south . lat.  I  regard the discovery of the larv o[ the

decrement of rnagnetic force fI 'om the pole to the equator,

as the most important result of my Anerican voyage'. Al-

though not absolutely certain i t  is very probable that Cotr

dorcct read Lannnon's letter of July, r 787, at a meeting of

the  Par is  Academy o f  Sc iences ;  and such a  s i rnp le  read ing

I regard as a suff icient act of publ icat ion. (Annuaire dLr

Bureau des  Long i tudes ,  r842,  p .  463) .  ' fhe  f i rs t  recogn i t ion

of the Iarv belongs, therefore, beyond al l  tpestion, to the

conrpanion of La Perouse; bt l t  long disregarded or forgotten,

the  knorv ledge o f  the  law tha t  the  in tens i ty  o f  the  magnet ic

force of the earth varied with the lat i tude, did not, I  con-

ceive, aci luire an existence in science unti l  the publication

of my observations frotn r 798 to r8o4. 
' I 'he object and

the length of this note rvi l l  not be indif ferent to those rvho

are famil iar with the recent history of magnetistn, and the

doubts tbat have been started in connection with i t ,  and who,

from their orvn experience, are aware that \ve are al l t  to

attach some value to th.t  rvhich has cost us the uninterrupted

labour of f ive years under the pressure of a tropicnl cl imate,

and .of peri lous rnountain expedit ions.(

In conclusion . i t  may be recal led that Gauss was much

bewildered by the phenomenon of the-Northern Light, adding
(p .  So) :  )D ie  rd tse lha f ten  Ersche inungen des  Nord l i ch ts ,  be i

rvelchem al lem Anscheine nach I i lektr izi t i i t  in l3ewegung eine

Hauptrol le spielt< - >the puzz)ing appearance of the Northern

Light, in which according to al l  appearances electr ici ty, in

mot ion  p lays  a  lead ing  par t< .  He adds  tha t  i t  w i l l  no t  do

to  deny  the  poss ib i l i t y  o f  such e lec t r i c  cur ren ts '  bu t  i t  w i l l

be interesting to investigate how such electr ic currents would

arise from the nragnetic act ions at the. surfnce of the earth.

ln  the  above paper  we have no t  over looked th is ;  re '

comr-nendat ion  o I  the  grea t  mathenra t ic ian '  On the  cont ra ry

the  nerv  thcor l ,o f  t r io lecu la r  fo rces  (AN 5r3o)  y ie lds  so  d i rec t  \ -

and s iml l le  an  exp lanat ion  fo r  th is  harnr less  d ischarge o f

electr ic energy fron.r the changing globules in the coulparatively

rare  a i r  o f  t l i e  c i r rus  c iouds  tha t  the  exp lanat ion  fu lh l l s  a l l

knorvn  p i rys ica l  cond i t ions  by  ass i ru i ia t ing  the  aurora  to  a

kind of l ightning of the upper atmosphere, which fret luently

is easi ly set off  in del icate streamers by unusually ,violent

distnrbances of the earth's tnagnetisnl.

As  i t  has  taken e igh t  long  years  to  f in ish  the  work

recornnrenc led  by  Gauss ,84  years  ago,  I  th ink  we may appro-

priately.exclaim with the Poet Oliuer l tr1ndtl l  I folnes:

> \ \ ' l ren  darkness  l r id  the  s ta r ry  sk ics
In  u 'a r ' s  long  w in te r  n igh t ,  |  , .
One ray  s t i l l  cheered our  s t ra in ing  ,€Y€s,  , . . ,  . .' L -he  fa r -o f f  Nor thern  I - igh t !u  . r  r1 , , .

( I f , . , lncs' I 'oerns,. America to l{ussi4, p. t99).

Very grateful acknowledgements are due to twoieminent

civi l  engineers, - Captain Lconard M. Cor, U. S. N. ' '  of ,Mare

Island, and Nlr. Otto uott Geldern o[ San lirancisco; to my
fr iend N{r. A. } i .  Arlund, a very ski l l ful  draftsnran, whq,has
aidecl irr  the preparation of the. plates; to nry associate l{r l

Ll / .  S. T'ranft l t ,  lbr contr ibuting greatly to the early cornplei ion
of the 1;aper; and, above al l  others, to NIrs. Src, for an uni -
waver , ing  fa i th  tha t  the  hour  fo r  the  t r iu rnph o f . ' l i gh t i ;over

darkncss  rvou ld  hna l l y  come.

T. J. J. Sc6.;',
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General view of the wave-field about the earth, showing the unequal <iepths of the poles in the solid globe, due to th_e shift of the whole

magnetic system towards the Ocean-Hemisphere, by o.o5 of the rarlius, or zoo miles. This explains the increased total intensity of the earth's

mainet ism-in the southern hemisphere,  whic i  is  the grcotest  outsrendin(  phenomenon' in the magnct isrn of  the globe,  and not  heretofore invest igated'

C. Schaidt,  Inhabcr Georg Ohcin, Kiel .
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I i i g .  t .  I ' h o t o g r r P h  o f  l b r r r  s r r r a l l  r r r r g n c l i c  n e c r l l c s ,  s t t s P c n t l c r l  l r v  t l t r c r t r l s ,  t t c a r  a  l a r g c r  s t r o t t g  t t l a g n c t ,  s h i c h
-  

p r r l l s  t l rem ovcr  bo t l i l l '  to  t l r t :  a r l jaccn t  po lcs ,  an , l  thc rc lx  i r r r l i ca tcs  r tnmis ta l< lb ly  thc  na turc  o f  the

p6r rderonto t i r . c  lo rce .  
' l ' h is  

p l to tograp l r  < l i sc loses  thc  tn rc  n i r t r r rc  o f  lnagnc t ism,  an t l  s l 'ec l ts  as 'ay  thc  fa lse

l r r inc i l i cs  rv l r i ch  havc  cor r rc  < iown f ro rn  t l rc  t i rnc  o f  G i / / , t t  / ,  t  6oo ,  and } :h lc r ,  t744.

I r ig .  z .  A  t1 'p ic .a l  v ie rv  o f  thc  Ar r ro ra  l lo rca l i s ,  shor r ing  cx tcns ivc  c t t r ta in ,  * ' i th  r ibbon fo lds  a t  the  lo rver

bor , le r , 'an< l  s ta rs  v is ib le  th ror rg l r  the  i l l n rn ina t ion .  An ar r ro ra  o f  th is  gcncra l  aspec t -$ 'as  observed by

thc  au thor ,a t t r Ia r l i son ,  \V iscons in ,  Sc l ) t .29 ,  rE95.  Thc  br i l l i an t  aurora  observcd  a t  l {a re  Is land,  Ca l i fo rn ia '

I Iay  r4 ,  r92r ,  ha( l  l css  o f  thc  r rc l l - t l c f inc r l . i r - r t " in ,  bu t  more  o f the  de l i ca tc  s t reamers ,  an t l  they  appeared

on, i  , l i .npp"nr "d  rvhcrcver  cer ta in  th in  c louds  bccarne v is ib lc  in  the  sky . .  
' fh is  

p roves-  tha t  thc  aurora  is

a  k inc l  o f ' l i gh tn ing  o f  thc  r rpper  a tmosphere ,  the  uns tab lc  te thcr  s t ress  on  thc  sur faccs  o f  the  drops

escap ing  u . 'n .  
" l c ic t r i c  

d ischarge,  unr lc i  the  r l cc reascd res is tance o f  the  ra re  a i r ,  by  the  mere  t ' l i s tu rbances

of  the  ear th 's  magnet ism,  ye t  i t , i s  I ig l r t r r ing  ne le r  reaches  the  s r r r face  o f  the  ear th  l i ke  tha t  o f  the  lo lver

a l  mosphcre .

Iohabcr  Gcorg  Ohc inr ,  K ie l .C. Schridt'
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General map of the region of the south magnetic pole, and of the journeys over the ice by Maus.on fro.m Ross Sea,
.  r 9o9 ,  and  i r om  the  o the r  s i de ,  r 9 l z .  The  mos t  p i obab lepos i t i on  o f t he  magnc t i cpo le  i s sho rvn  t obea t t hes ta r ( r ) , so

t" .y n""r  the posi t ion assigned by 'Gauss'Theory,  183E, that  no certa in evidence ofmot ion exists,  a l though 7o years elapsed

betiveen Garrsr' calculations jusi prior to Rasr' observations, r84r, and the '9hack/don-'11[ausaz explorationst t9o9-19r2.

C. Schaidt ,  lnhaber Georg Oheim, Kie l .
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