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Va ous kinds of electric polarizAtion of u rotriLing metdllic disc Are discussed. A new kind of induction is predided by
Webels elecLrodynrmics, but not by Muwellian electodynmrics An experimentil tesl to check lhh new effect h
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(,Jrr,,dr lnduclioni Wcbcr's clcctrodynamios

1. Introduction

We discuss in lhis work difTerent kinds of induc-
lion which happen when a rnetallic disc rotates a! a
conslanl angular speed about its axis of symmetry.
The disc has a radius / and rotates nl a constmt
angular speed (l) relative to the laboratory by exter-
nal mechanical means. The laboratory can be consid-
ered a good inertial frame as regards the et'lects
being analyzed here. We consider the disc in lhe .it,
plane of nn inertial coordinate syslem S with its
center at the origin O ol S. The z axis coincides
with the axis of synmetry of the disc, in such a way
that the vectorial angular rotation can be written as
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@: o?. where i is tlre unit vector pointing along
the positive directioD of the a axis. We ulilize cylin'
d cal coordi ates ( p, 9, r), wilh coresponding rinit
vectors 8,0, ?.

The iorce acling on a charge q in the presellce of
electric and magnetic fields, E aDd B, is given by
( i c c o r d i l g  l o  L o r e f l 7 .  r b r c e l .  F - . ! E - l D  R -
- q ( 9 0 + a A / d t ) + q l ) x  V x A ,  w h e r e  d  i s  t h e
eleclric scalarFolentiai and A is the magnetic vector
potential where the charge is located. when there are
no rnagnetic lields nor changing magnetic vector
potenrial. rhi. yiclds F - 4f e,Vd,. Pedomrind u
line inteFal of , berween points A and B yields
the volLage or difterence of potenlial belween these
points as given by:

L.b :68  4 ,A :  J 'E .  t / . ( r )

The mah goal of this Letter is to propose an experF
mental test lo dislinguish Lorentz's force from We
ber's force. In order to present a feasible expernnen!,
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\re consider several effecrs which lnust be takeD irto
account srmrltaneously.

2. Incdial induction

The firlt case to be consldcred here is lhat of a
disc .otating alonc in a region free of magnelic
flelds. lniiially the disc is supposed stirioiary and
electrlcally neutfal ar alt its poinrs. We then rorare il
'necharically ar a consranl ftte. As the neta ic disc
is a good conductor of electriciry and hns ti€e etcc-
trons o'1 its body, this rotation poladzes it elcclricr y
I'etween rts center p: 0 .rnd perjpbery p: f. Thal
is. ils periphery will become negrtively charyc{r and
i1s cenrer positively chargcd. origrraring an ejectric
field pointing fadially outlvards. This potariratron
will grow to lhc poirt rn which the el€ctric force will
have lhc cxaot vrlue to keep othcr fiee elecrons
mo!irg in cicular orbirs around the axis of the orJc.
Con, ider:r  l rc. :  c le(Uon t  , r  L|n:rnj(  f  t r . {  r  lne. l \ i .
of the disc, nrcving in circular orbit with a cen-
nipetalrccelerution given by a : -.,:pp. Applying
Newton's second kw of mol i(rr ,  I '=rru. y ields:
t tE = -uapi, .  Here dr is rhc etecl  c 1ic ld due ro
thc polarized charges genc|nted by lhis ineIiat ef-
lcct. Thrs Dlcrns that thc induced radi l clectdc tield
rvi l l  grow Jinearly wirh disrnnce. poinl jng radidl ly
ont$'nrds (renrernbcring that lbr an electfon 4 = -?
=  - 1 . 6 x  l 0 -  ' C  n d  n = 9 . t x  1 0  I  k g ) .

This will gcrcr,t€ I voltage or polcnrial diitef-
cncc between lhc periphery and cenlcr of the disc
given byl

r d  = . l i / )  d ( 0 ) =  /  l |  J p

To our knowledge the first to point ox1 the possi-
bility of such an effecr has been Maxwell in his
Trcatis?, [11. The firsi neNurement of an effect
snnilar to this onc has been madc by Tolman and
Stewarr in i9l6 [2]. and [3]. Recently a much srcater
precision has been obtmned. continn g the findings
of lbhnan and Stcwart [1].

3. Unipolar induction

The lnduction of ctnltnt in a test closcd crcurr
wher lhere is vrrirtion of curcnt ir another closed
source circrit was discovcred try Faraday in 1831.
He also discovered tlrat he corld iriduce a cunenr in
the test circnit if the sotlfcc circuit caffied a consta t
currc t itnd there wcre a telative molion between the
lwo circuits (mnslatofy vehcities). He could also
inducc r cufent in thc lest circuir if there were a
rcLLtive nrotion bctween this circuil md a permanenr
lnagDer.

ln 1832 he discovered whAt has been namcd
nlierwnrds as unipolar ird ctioD. ln this c.Ne rhe
mngnct is rt rest ir thc litrfatory atd a disc fotates
bovc rt t a coDslnnt spced. ll rve cbsc the circuh

with r galv0[o etcr or vo]tnreter connccled by slid,
ug contacts ar rhe ce0ter and perifhery of the disc, d
constant cr.r1'ent will ilow. The nrrgnetic c,t caD be
casjly crlculrted in this case urilizing lhc nrrgnelic
lbrcc on r nrcving chdrgc given by 4, x B. Here t,
is thc lek)city of lhc charce relative lo nn inertial
f r . , n e  w h e r e  r h c r c  i .  r n e  I n : g n c t  i c l J  R .  I o , i i  -
plily the analysis we will $uppose a constanl and
nnilbrn rrdgnetic tield over th€ irfea of rhc disc.
poinling ir the posilivc . direction. B: Ba. For a
chnrge at a distarce p lionr the centef of the dlsc
moving in a circulaf orbit wirh an angular velocjly
d = o: wc can 'ul l i re 

" :  
pai .  Wlth 4: -p this

yields 4rXB: -?poAi.  This niears thar elec-
trons will concenlmie at thc center of the disc (if we
rotate llrc disc ai ihe opposite diredion rhcy will
concentrate at lhe periphery). ln drc steady srale
situaiion (constant .d and a constant charge ai rhe
center or peiphery of rhe disc) there will be crealed
an electric lield which will brlrDce rhis magnetic
force. namely: qE,,: qvxB (remcnrbering that
qE has aleady been supposed io balnnce ,?rl). Here

l c
(2)

The subscript 'i' reters to lhe inerrial irduciion
rclated wilh the roiarion of the disc .tnd nor con
nected wilh any magnctic fiekl.

This mefiial induction or ineftjal 
",t 

can be
me.isurcd with r voltmeter rt rcsi ilr tlre l.tborarory
louching the center and periphery of the disc by
means of  s i id ing coniacLs.  I f  / :  l0  cm:0.1 mano
i l  r l c J , c r o r  r c . ,  t U o U r . p , n . f u , : J t 4 . t ( , r J a  s ) .
t h e n A d : 2 8 x 1 0 ' q V = 3 D V .
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Em is dre electric field due to the polarized charges
generated by this magnetic effect-

According to Eq. (l) the potential difference due
to this electric fie1d will be given by

But according to Weber's electrodynamics therc
should be a force exefed by the stationffy charged
spherical shell olr any intcmal electric charge which
is accelerated by other forces. weber's l'orce law
(ce chap. '  o i  Is|  ben!een rso ele. rrcr l  . l - rse. rn
felative motion is given by=  d ( / )  -  d (0 ) :  |  ( r .B \ . , t p

The subscript 'm' refers 1() m.tgnetic nrductiur
We can cslimale the order of magnirude of this

effect supposing a magn€tic lield of I 00 G : I 0 ' r.
w i r h  / : 0 . 1  a n d  o : 3 1 4 r a d l s t h i s y i e l d s  4 0 . ,
: 1 5 . 7  m V .  s u c h  t h a t  L 6 . " / L 4 : 5 x 1 0 6 .  T h i s
shows that in nrany practicrl situntions involving
typical magnet$ the inertial induction can be ne-
glected. Even slpposing lhis irduction to be due to
the earth's nr lgnet ic f ie ld of 0.56:5x10 5f

yields Ad,, = 78 pV. This shows that this effect is
st i l l  much larger thAD L6l L6,, , /L4,t :2.8x 10r.

In nny evenl i( is porj$ible to distinguish lhe rwo
effect$ obscrvirg lhat the ineftial induction is inde-
p€ndenl of R and is quadraric in o, while the
mrtneric Inducrjon $ l ineir  iD d. ch:rnsing si !n,
wh€n the direction of rotation chlnges (while keep-
ing the same magnetic lield).

4, Weberian Induction

We Dow consider that we surround lhe disc and
galvanomet€r (or voltmete, by d sphefical shell of
radius R charyed unifomly with a charge O. The
slrell .tnd its charges arc supposed to be alwitys at
rcst in the laborarory, even when the disc is tut into
rotation by mechanical means.

According to LoreDtz's force noihing should
chdnge, as this shell does not gcnerdte any eleclric
nor magnetic lield inside itselt That is, no mauer the
value of the stationary external charge 0, the sphen-
cal shell will Dot exet any force on the srationary or
cpinlrnr chJrgec ol  rhe rre al lc J i \c.  I l  lhere r5 no
magnel. the disc should polarize according to Eq.
(2). tf there is a magner inside the sheli there shouid
hnppen ns well a magneric induction given by Eq.
(3), no malte. the value of the extemal charge 0.

( 1 )

where 4r and qr are separated by a displacenent
vector r, r = / is th€ magnitude of r. i = ih/.lr is
f ie rchl i \e \eociry berseen rhe \ 'hJrgc\.  r=
.|'1r/tb) is rhe relative acceleration benveerr then\
s 0 : 8 . 8 5 x  l 0  r :  C :  N  r m  r  i s  t h e  p e n n i l t i v i t y
of free space and . is lhe speed of light.

The associrted potential energy is given by

t t 4 )  I t  t r  \
( 5 )"  4 n i a  '  \ '  2 ( 1  I

lf fie two charges arc stationary. the lbrce law
becomes identical to Coulomb's law,

Weber's electrodynamics is contenporary to
MAxwell's lvork. Weber And Mlxwell showed thrt
with web€r's lbrcc il wAri possible to dedle Coubnrtl
and Causs'$ law, lhe nragnetic circuitAl lAw :rnd
Faraday's law of induction, For recenl discussiou of
lhc compntibility of Wcbcis lbrcc dnd Mnxwell's
cqul lu 'nrs \ce Kcr\ ,  th.  /1.

'fhe te ns on Wcbefs force whioh detend lir-
early on the vebcitie$ yield the equivalent of 4, x B
of Lorentz s force [8.9]. and [10].

When we calculate lhe fbrce between neulral
cuner! elements with these lwo exprcssions we dc-
rive Gra$$mann-Biotsdvaft's law froln Lorentz's
force, while fKnn Weber's law we derive Ampdre s
lo-ce berweel currenr elener ' .  Alrhoueh Amp:rf
ind Grassnann's lbrccs are different whcn considcr
ing only cuncnt elcmcnts, they yield the sanrc rcsuk
when calculating tbe net tbrce on any current eie-
ment duc to a closcd circuit of arbitrary fom (the
curent elemcnt nray belong of nol to this closed
circuit). see Refs. ll1,l2l and [13]. This means that
1l) distinguish lhese two expressions we need to wo*
with open nechrnicrl circuits.

Weber's force lr.rs conponents which depend on
the square of the velocily of ihe lcsl charge ./r. ui.
and on its acceleration, dL. Here we concenhrte on

aBt '

q . t j  r  I  i :  t i \
'  

a r n  t t  \ '  2 " '  . ' l '



this las!componcnt, whlcb has no anilog in Lorentz s
torce. The Coulonhi.tn lenn ind tlrc terms depend-
mg on the square of the test chnrge vekrcity go to
zero rfte. i lcgraiirg the tbrce of the shell elemenls
on qr. as ihey afe inverse square conrponeDts. On the
olhef hand the acceleration lerm does not go to zero
alier lntegrntion as i1 frlls only as 1//.

Suppose. jnside lhc uniformly charged slalionary
sphericnl shell with O. a tesl chrge .1 js locatcd aL
tine t rl ,', movirg with velocity , =.1,'/rl and
acceleratiof d : dr,/dr relrtive to dle origin of lhe
sphcrc. we can inlegrate the above equatio s ovet
the whole ch.trgc or tlrc sphcrical shell. we thus
obtain the fbrce on ./ Gee Refs. [5]. Sections 7 3 and
7 :1.  md l l0 ,1: l , l5 l ) :
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to ihe polarjzed charges generated by Weber's force
(6).

A ,  r , r , l  f "  r o  L q  f t  '  r l  ,  p l e .  i .  |  ,  l .  !  r l l  g , \ e

rise to a potential ditle1€nce or voltage gilen lry

r l  d \ . :  d(  / )  ! / i (0)

" ,  t , O a  u , u d '  t  1- l  _ := .ou  _  . :  -  ( o l
r t : a 1 ) n R  2 1 n R

To anive at this rcstrlL wc ulilized lhat d : -.J:pi.

The lub$cript 'W refefs to Weberia induclion.
Choosirg the zcrc potcnlial rt inlinit],. the potcn-

l i r l  o l  lhe charged sphere cr  be wi l tcn ns d\ :

Q/(.art,,n). This cnns that the weberirn lntuc-
i ion crn be wf i t ten as L/ t \ \ '  =  d. (or f116. : ) .
t  o r r r ; r r i r 3  i t  s . r h  l d ,  r i e l J .  l , l  - \ d .  =

3rr r l { ,d1.  Wj th the prc! ious vahrcs o:  314 radl$
rnd |  = 0.1 nr this yields tr41\ = -  18 x l0 6 d\.
This has an cxtremely smdll vnhre lbr snrall volt ges
ofthe sphere. IL wi l l  bc ol  $e same order oi  dd i l '
thc sIherc is chrfgcd to L5 MV. As this is attarnrhlc
in l rbomtories worki fg with high vol lages. i t  rs
possible to lcsl  dle existence ol ' th is cl lccl .

- PnqQ'1

1 2 T R

where pli = 4t-x 10 ' kg m C

( 6 )

pcrnrcability.
Irrlcgftttirg Eq. (5) ovcr rhc whole chnrge ou tlre

sdrericrl shcll yiclds thc potcntial cncrgy lbr the
chir .ge ( i

r O  I l  r : t
{  = - = 1 . - - - 1 ,  L  I4 ' r . |  n \  ( r , - /

Note thr l  rccoding 10 l .orenlz\  forcc , tnd
Maxwel l  s eqnat ions, the colrespondirs potenl iulcn-
crgy is

o O I
u: , := ,  (8)

and the force on 4 is zero.
As the lree eleclrors have a negative charge and

tlre centripetal ̂ cc€lerrlion poinls radiaUy towafds
drc origin, this Wcbciar force will poinl radirlly
outwards i f  O>0 (or  radia ly  nrwards i f  0<0) .
This merns Llral rccording ro lhis lbrce the dlsc will
Lend Lo become negrtively chargcd in iLs periphery
xnd posiliveiy charged at jts center if 0 > 0. In the
steady state silxrtion (constant a and a constant
charye al Lhc ccntcr or pe.iphery of the disc) therc
will be crcared r Weberian electric lield tN which
u r l l  o J l $ r . e , h i  $ e D L r J r , . o r c e .  n . , r l e l y :  , E \
- poqQa / l2T R. This \N ebeian electric field is d're

5, Experimontrl test

we can distinguish bclween A4l and Adw by
t i r . r  'p i1f l r6 r l 'c  J i . r  |  . id .  r fe  u r .h , rBeJ 1 \cr t  i , l

thc dbscnce of ony magnetic llcld. We therr chtLrge
the spherioal shell to plxs or ninrs 1.5 Mv and
measure the Dcw .rrl belween its center and perjph-

cry. Nolhhg should ch.tngc according io Lorcnlz s
forcc. On the other hand accordmg to Weber's elec
trodyD mics the net potentjal should go lo zero f

d( :  1 .5 MV or  doublc i ts  va lue i f  ds:  +1.5
M V ,

l'he main difiiculty in this exlre menl is to avoid
the magnetic nrduclion described above duc to the
er lr's magnetic field. ID .tny event Aqt. changes
sign according lo the dircction of rohtion while Adi

, d  A d ,  J o  r " r  J l , , r g c  \ c ' r  . i s f . .  U r i l  /  r ;  r \ '
: p . c r  i r I r ' g h l  D e ' r r . . . l i  , g r ^ p e r h r ,  r h . r \ p e  -

ment with r sinxsoidal rotation, nanrely: d:
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oosin(dl). The integrated or averaged value of the
nagnetic induction goes to zero in this case, while
tie inlegrared value of lhe inenidl and Weberian
jnducrion remai differenl from zero, Anolber possi-
bfity is to utilize a pair of counter-rotating disks. By
connecting at their central parts and their rims re-
spectively the magnetic induction effects will be
canceled, since the magnetic induction depends oo
its mtational direction. On the othel hald, the inertial
and Webedan induction will remain present as they
depend on o'?.

We propose this as a possible experimental test of
Weber's electiod)'namics. Experiments like those of
Tolman and Stewart or those of Mooihead and
Opat, might be repeated inside a F4raday cage (or
V4n de Graaf generatot charged to a high poteDtial.
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