lies in the same province. It is pot
Kepler’s laws axioms.,

general theory so this concept can
Standard science, Here the secon
causality does.

Conclusion

These,

between matrices and elliptic function
only a case of a recipe in search of a
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isfi ’ ird Law, the

force between moving charges satisfies Né\::t?:esb'l*iiveen e

OV Ih? 0* Ampere’s original empirical law for th?“o e yiokds the

B e ﬂ“d_ )’”3‘(:56 obsirved forge between two closed cux'u.x:jt forci ;m Amperes

hend Webel"sl ]a“;ll?]rxz(tlil(c);sz]tl ]electromz\gnetic induction,fand tllx]ewoil:sg;:'iim T eber field

served temporal an ! 25! el el ed. This We el

Elf)ize‘a’re- o elpccnomagn‘etic he'ld f‘PPre(;!;(;;‘:Ca?; tgeciic"ltiox1 by intl'oducillg tun,;acelei?ligzittlz;;d by

o, mP‘('“y '\farymtie Weber wave is obtaine_d. AbSO_lute Sl)[t(:m as predicted by
A el?ammt:ggfttil(c)11\‘;;ls\illfé the phase velocity observed in a moving sys

introducing time retarda

the Voigt-Doppler effect.

Introduction

; ed on
ed in 1846, is based o
_ 1 first presented in 18 » | o
. v of as first pr ‘on distance, the
stic theory of Weber, ¢ - aration distance,
Thefeled;o?w:f:gttwo movying point charges usn;% lhue:gf; i; the only electro-
the force betw | B s the g "
. elat acceleration. *« Third Law and th
. elocity, and the relative ¢ cration. on’s Third Lz d |
reld“vfi(\:/illlcécorzf e(ver proposed that satisfies both Nli“]/ilmited to slowly varying
magnet ’s original theory weé is an ‘action-
o f enerovy. Weber S Orlé : N e . 'nvolved- Il 1S ¢ o
CQ¥]S?rV(t;lOI:3 ?ime reirdation and radiation were flﬁ)l :mw known that electro
e:fuﬁlﬁg\: :‘ecre’ theory, no fields being necessary. It'lrfaci to describe such waves.
di-a-dista ' i is requl “tion-at-a-distance
: S exist : hat a field theory i AR tion-at-a _
magnetic waves emfsl zndfitrhs(t éxpresses Weber’s ongl}]‘:L ?gmrdation to yield
This paper, th~er({i’ 10 Ids and then second introduces ll;:’ o an electl'Omdg”C“,C
ooy in terms o ‘ les(hlr; this way, it is possible to © ;:sislent with Newton’s
C}:CC“‘OmagnC[:'Cb;\ehl\\:/?tﬁ all of the evidence which 1s con: g
theory compati . rov. not satisty
Third Law and the conservation of energy Biot-Savart Law, Fjoes bserved
el being based upon the Bio fore, predict the obsen
ell s theory, being II’s theory cannot, theretor '1’ ory’isa generaliza-
oowton's Third La\g.'rc\ida)\%eecause Maxwell’s radl?f“‘)tns tijtefails to predict the
’ ! c. i tect M c,
fprce o mpere Susrly g"tssumed slowly varymg‘\;\i/eber wave’, as derived her
[ eo a
Ll(?rr;efcrtorn;die;tricc); field. An additional wave, the

1s needed.
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The Weber force
P gt

Weber assumed th

S at the -
positions r, enerey U of two interactj
ing
o

and r, moving with the v
U=gq.q,[1/r - (vr)*/2¢%3)
where ¢ is the vel

elocities v
Svyandy, js and g,

ocity of light and ()

r= —
r; ry, V::v,)__vl

The first term on th
energy.

When the g
the rate

Q)

¢ night of equation (1)
tial

IS si
simply the Coulomb poten

ystem chan g
SS 1
ge pontaneously with time this €nergy (J
Y U chang

iU/ ﬂ nges a

C d['~ “((]?(]IV'I‘/FJ)[I +V7/’C -3 VY
\hereforvr>0t (’
with time (

-r)2m 2.2
r)/2c%2 & (F'dv/dt)/cz] N

n
; rgé frlom each other and U decreases
sult (3) may be written ip the form5

e 0he charges are reced
ngv/c < 1). Because th;

dU/dt = —y.F._
the Weber ¢
. Orce on charge 4, due to charge ¢, is given b '
w = q2q r/r3 22/c2 . | P
| /o)1 + p2e2 3(vr)¥2c%? + (r-dv/dr)/c?] (
/ 5)

; since the f i
chan . pts ; and : orce is along r:
ges the sign of F.,_ ¢} 2 (_to obtain the force on chare g 1; and,
The Weber force 31% 1€ magnitude remaining the 186 9, de lo )
ma o SO cons same.
Secscf, multiplying Newton's GSFVCS cenergy. Assuming that the charges also hav
nd Law for arti econd Law for particle 2 ges also have
particle 1 by v; and addine _I?c icle 2 by v, and Newton's
Va-dp,/dr + vi-dp,/ds = g yields

Wllere P2 and p, are ¢}
mtegrable. The tota

(V2= v)F, = - dU/ds (6)

1€ Momenta ;

ystmle. Th | energy 1/ if;he p}aft_xcles.‘This result (6) is immediately

dent of ¢ €pends only upg » where T is the kinetic energy of the

thus. o € p;ith or the rate opf n the end points. The total energy is inde L
» SNergy is conserved change of the system between thg end po?ne:;:

the i
absurdxty of the Biot-Savart Law

- at Ampere’s orjoi

o mpere’s orig: IS often usur;)ed fs original empirical law? is satisfied the

art Law ag Ampe):l:naz law. For examplgr force laws that are not compatible
S Law, A » Many text book '

. b P S t =
ment 7,qs, Mpere’s original eppins label the Biot-5a
cer — a cur mpirical law for the force F, on

rent element /,ds; at r, separated by

r
CzF“\ =1,
24r[~ 24 .
Amperess [ oo IS0 4
S L 3 d . <
aw (7) Clear]y . ( S5 l‘)(ds,.r)/r’} (7)

atisfies N
ewton’ .
ton’s Third L aw- The force is directed
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d it changes sign when th
lement [,ds; due to [-ds,.

along T, an e subscripts ; and ; are interchanged to give
imznfi)rée on current € The Biot—Savart Law is quite
different; it 18

By = Lol dspe(dsrm)lr® = Lol [ (dsordspr +dsi(dsn)]l” (8)

(8) clearly does not satisfy Newton’s Third Law: the force

is not directed along r, and interchanging the subscripts and , does not yield
the negative for the force on I,ds; due to I»ds,. It may be noted that these laws
(7) and (8) refer to moving charges by using the replacements

qvi=1ds;, q2v2 = I»ds; 9)
of the Biot-Savart Law (or any law violating Newton’s Third
onstrated. The self force on a closed current
(7), which satisfies Newton’s Third

The Biot-Savart Law

The absurdity
Law) can be immediately dem

loop* may be considered. Ampere’s Law
Law, clearly yields zero for the self force on a closed current loop. Mecha-

nically coupling current element [,ds, together with current element /ds,, the
Biot-Savart Law (8) predicts a net nonvanishing force on the two coupled
current elements equal to

¢Fy = LI r X (ds) X ds)/r?

with respect to ds, over a portion 2 of a cl
he remaining portion 1 of the loop

(10)

Integrating this result (10) osed
current loop and with respect to ds over t
yields a net force on the entire closed current loop equal to

CZFB = sz f [l' X (dSl X dSz)]/l'3
1 2

whigh need not vanish. By altering the way in which the loop is divided into
portions 1 and 2, which is merely a matter of labelling, the force predicted by
equation (11) can be altered. Nothing need be changed physically. Interchan-

12 reverses the direction of the force. This net force on a closed
wn boot straps

be expended.

(11)

ging labels 1 and
current loop could be used in principle to lift a space ship by its 0
f::om the forces inside the space ship itself. And no energy has to
The absurdity is clear.

Itis frequently claimed that only the net ponderomotive force between two
closed current loops can be observed to test proposed laws for the force
between current clements or moving charges. Since the Biot-Savart Law
(equation (8)) and the Ampere Law (equation (7)) yield precisely the same n¢
force between two closed current loops; it is frequently claimed that it does no!

matter which law is used. To try to argue from an obviously false premise, the
der to obtain 4 correct

Blot—Sa'vart Law violating Newton’s Third Law, in or  corre
conclusion is hardly satisfactory scientific thinking. Moreover, observations are
t loops. Three independent

not limited to the force between two closed curren )
observations not limited to the force between tWO closed current loops ar?
readily available to test the validity of any proposed force law between cu;:r‘enl.
elements or moving charges: (1) the force on one portion of 4 do.sc,d Cu“f],]}
loop due to the remaining portion of the ] be measured—the Ampere

oop can in the
: : acuum in t
bridge experiment.® (2) The force on a ¢ ava

harge moving in




presence of an external c]
(personal communication)
conductor moving in the
localized. The induced fie]
metalic loop as required b

. . ' Miller,
observations can, thus, be used to determine the force on a Single Cun:;;
element due to an external closed current 1oop (as also revealed by Obserys.
tions of type (2) above). In principle, one could al N )

' . . SO measure the foree betweey
moving charges directly in a vacuum; but the Coulomb force would probably .
too large to detect the much smaller velocity effects. ’

osed current loop can be observed
has shown that the induc '
presence of an externg]
d is not distributed unifo
y the erroneous Farad

. 3 Mill;
ed electric field i

closed curpep, loop i

rmly around ghe Wwholz
ay-Maxwel] theory

Force on Ampere’s bridge

A straightforward integration of the Ampere Law (7) for the force op
Ampere’s bridge? yields a result compatible with the experimental observations

made over the past 160 years.>> A similar straightforward integration of the
Biot-Savart Law (8) (see below) does not yield a result compatible with either
the experimental observations nor with self consistency.

For some strange reason it is frequently claimed that the Ampere Law (7) s
wrong and the Biot~Savart Law (8) is correct. The experimentally established
strong repulsive force between colinear current elements, as given by the
Ampere Law (7) is, thus, frequently ignored or denied. The acceptance of
Maxwell’s electrodynamics, which is based upon the Biot-Savart Law (§) and
which rejects the Ampere Law (7) has resulted in very expensive errors in

attempts to achieve thermonuclear fusion and in the design of high-energy
particle accelerators.

The problem of ¢
the Ampere form
mathematical diffijc
or wires of vanig|

alculating the force on Ampere’s bridge directly from enh.elr
ula (7) or the Biot-Savart formula (8) has met with
ulties. Cleveland® attempted to use linear current elememsl.

hing cross-section. When the separation distance betweeq such
linear current elements goes to zero the contribution to the force, according lﬁ
¢quation (7), then becomes infinite. Cleveland, therefore, introduced a.smiix
arbitrary finite Separation to obtain a finite result. Unfortunately the ef'tecl_ 1:
predicted then became primarily dependent upon his arbitrary ?epd?“&
distance. Robertson,® also using linear current elements, terminatec .l]
integrations in termg of an arbitrary diameter of the wire he was consndermg(liI
order to obtain a finjte result. (Both Cleveland and Richardson 3450 malz
SITOTS in sign (not the same error) in their final formulas.) Graneau® has as
used linear current elements. To avoid infinites he has arbitrarily Chosenf
Smallest interva] for his computer calculations. Because no arbitrary parametet

i : . . antita-
can be tvolved in the Physics; these theories fail to provide adequate quanti
tive predictions.

The only correct theoretica

. . . imen-
I procedure involves going simply to three d
—d1men510nal

) . : | cur-
current elements. Using three-dlmenSlOﬂaﬁmle

arise. Contributions to integrals remamdto 20
tween volume current elements is allowed 102

‘ . i t any artificial
weber Electrodynamics tical form without any

. jathema ‘ndicated in
result in closed n inar geometry, as md_lc .
obtain an exact -ont to turn to lamina e in the z direction 1s
To s it is Convem}?n s 1 perpendicular to the pag

: ickness T
aminar thi

’ (12)
) (J o
g 2J2.Jl/r3 e 01’ a thin lamina (t small) of
e lggsSeolected n comparislcin to (té])e
i jot-Savart Law ,
i f the circuit, 18 consid@red.d"l;lzzlyBé(())thSerted A
other dimens S OI— sincularities, can be 1mme ue oy e s, ) sur! A%
invalvitg 0 POSS_lb Clvins surface currents K, whfer e s, o
negrals 2 O)efllngfothe T)ridge and A is the surface ¢
is the surface aree

the circuit, Ky )] (13)
- K ')'r
7 = (K + K (K
cFg= _[ f dazj j 1
As A

broken up into six portlopsd,
ridge may then be calculate
o

: itie
singulart

Figure 1. The l
not shown. Th

sl . —
dOF o/d°rd T = T -
volume current density.

; an
where J is the » small), where T and w ca

narrow width (0

E 2¢ ¢ ) y
as S

|

Bridge
— 1 A
T -
« 4
L 6
/
— W < ¢
3
1
I
2 X

; ailated

eenit iy calculated
. the circut!t 1
smainder of
» 1o the rem -
. ; e force due ' i Law (8).
Figure 1 Ampere's bridge on WI”Chclel Ia{; (7) and the Biot-Savd
T

. ioinal fo P
direcily using the Ampere origina fe
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as t 1 1
s }l1e sum of nine integra
volved. For example, the i

CzFr\((),l)/[z =

Is. S . JP
ymmetry considerationg reduc h‘WeSI'S}/
€ the

ntegral f :
S for the fo labOHI

ce 0 ‘
R

w {—w Ul)
(~a

(l/wztz)f de f T W .
0 {—u 0 ! 2Yir + 3Y}/r5)
0

0 "

= 13/12 — ;
3 /3 + (2/3) In2 + In(a/t) + ln[(€~a)hy]

where YV =
Y2 —y;and -2 = 2
been set 1 re= (- x)’ +
equa] to w (er - 1 ()’2
neglected compar wire of square cross-section
a . and w
straightforwal'dpa;i(ljys\gththOt? ef dimensions of the) Circui\; hehrlelw hi}i}S e
(7) is found alysis, the force on the bridge according 1o Ampres L.
to be in the positive y direction angd eqﬁglrcthong to Ampere’s Lay

( =2 12 2 - o —
F 2 +4/1 + )

= In(1 + /1 + b2€?) + ln(b/w)]

:')or w small compared wit}
¢ neglected as comp

=)+ (2o~ z1)? and 1 hag

h €, b, a or € — a. If .
M et . If the width of the bri av
ared with €, equation (15) yields ¢ bridge b ma

Fa=2(c?)[-0
1191, ..
+ In (biw)] (16

Note that the large term invol
interaction of the parall o
on 6 due to 1 and the
thus, depends prim
elements

Carryi

el por\t,ilcl)]fsb;fu;lin (liquatlons (15) or (16) a.rises from the

force on 4 due 10 3 e loop near th_e contact, i.e., the force

arily upon the (as_ shown in Figure 1). The result (16).

as given by Ampere’s L repulsive force between colinear current

ng out a simila > AW (7). i

(8), the force on th b(-r straightforward integration of the Biot-Savart Law
¢ bridge is supposed to be in the y direction and equal 0

FBz?([z/CQ_)
- -1+ 2/p2
[ L+ 5362 — 1n(1+ 1+ b7 (17

H i+ V¥ 5

which for p
mall com . .
FB - O pal‘ed Wlth € or a1s Slmply

ThlS B]o ’ ]

t‘SaV’Irt (18)
culs art result 10N .

o ;;S Ampere resylt ((1157))00r (18) is radically different from the directly cal-

agree \5:;1@1;; with the Amperrélfe)' rll’he strong repulsive force observedj"“‘/*9 1S

€ weak sult. The experi i i

Ofﬁﬁgual'ly the Biot‘soarvz(:o force predicted b$ f;;léﬂ g?g?isoab\f:rrtviz? sdot

remainc(i:erl.cgyﬂfoe,s not quzlstltlftélz) is absurd; as the force on the remainder

e cir egative of this result. The force on the

y obtained by simply changing the sign of

equation (17) ang rggit may be readi]
eplacing
. C @by £ — a. When the two portions of the closed
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mechanically coupled t
force on the loop given by

[In(1+V1+ poa?) — In(1+V1+ b —a))] (19
ip or drive an automobile

diture. This result (equa-
dity already given by

it are ogether there is then supposed to be a net
cir -
nonvanishmg

Fg = 2(I%1c?)

In principle, this fo
without any extern
don (19)) 18 merel
equation (11)-
Cleveland” actua

circuit. He found the forces were, in .
required by Newton’s third law. Cleveland, thus, disprove

directly experimentally.

rce could be used to Jlift a space sh
al forces or without energy expen
y a concrete example of the absur

lly measured the forces on the two portions of the closed
fact, equal and oppositely directed as
d the Biot-Savart law

Weber force yields Ampere’s law

Weber’s force law (5) yields Ampere’s empirical fo
on an element of a conductor ds, carrying a current
another conductor carrying a current I
(1) the force between positive stationary ions (+¢q2, V2 = 0; +q, V1 = 0),
(2) the force between the stationary positive 1ons in ds, and the moving
electrons in ds, (+q2, v2 = 05 =41, —vi),
(3) the force between the moving electrons in ds, and the st
jons in ds; (—q2, —V2; TG, Vi = 0), and
(4) the force between the moving electrons in ds; and the m
dsy (=qa2. —V2; =G 1, —V1)-
Substituting the appropriate values indicated in th
(5) and adding readily yields the net ponderomotive force on ds, carrying a
current [, due to an element ds, carrying a current 1, in agreement with
Ampere’s empirical law (7). The Coulomb terms and the acceleration terms
appearing in (5) cancel out in this case.

rce law (7). Four forces act
I, due to an element ds, of

ationary positive
oving electrons in

e brackets into Weber’s Law

Weber field for electrostatics and magnetostatics
to be associated with the first term of

It is clear that the electrostatic potential :
n by the usual expression,

the Weber force (5), the Coulomb force, is give

O (ry) = J J j &rqoi(r)ir (20)

1
where o,(r,) is the charge density distribution of the source. The Coulomb
force per unit volume charge density 02(r2) is then given by o
21

fw (electrostatic) = —@2V2®P
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For the magnetostatic case, whe
currents in conductors, the Ampere force Jaw
Weber’s force law (5). In this case, the force

density J, due to a distribution of current densi
equation (7) in the form

re fields and forces are associated wjg, Siead‘
v

iy (magnetostatic) =

_fff r[Jz‘Jl/"3+(Jz'Vz)(J1'VI)(l/r)]CPrI

In order to remove J>

(r2) from the integral the follow;
considered:

ng identities may i,

rJ-Vo(l/r) = — (e J )’ = rJiVo(lr) = Vol(Ji)ir = 3

(5]
Using equation (23) the right-hand side of equation (22) becomes

J2 X (V4 x f Ji/r) = 1,9, f J/r + (J,-Y,)V, f (c-J)ir (24

where the notation for the volume integr

Introducing the usual vector potential
the Weber magnetostatic potential

cA = fffd3rijl/z',
1

In terms of these
current density J,

ations has been abbreviated.

A and a magnetic scalar potential I,
field becomes

= f f f d% J, i (23)
H

potential fields, A and I the force per u.nit volume on the
due to the steady current distribution Jis

¢fw (magnetostatic) = J x (VX A)=JV-A+(J-V)VT .
where the subscripts 2

For the special limiting case when V-A = I = 0 this result (26) reduces 1o
the Maxwe]] theory.

. It may be shown that this limiting case invoiVCS OFn(lSr
contained closed current loop sources. In general this need not be trui. "
flxample, to predict the force on Ampere’s bridge the source must be taken
he p

. - . ]
ortion of circuit apart from the bridge where the current does not forn
closed loops and s ot contained.

1ave been dropped.

Weber force on 3 movin

A

g charge due to a current-carrying wire
. moving Charge q-, ta

.. . . i ationary
oS in 2 wire Ken as positive, can interact with the posntésfe stc:jtl?t o
N IT€ where the force involves: ; +qq, vp = U);an
Interact with the negatiy es: (+q,, +vy; +q4, Vi

. A . LV
€ moving electrons where the force involves: (+qf20rce
€ two forces, using equation (5), yields the Weber
due to current carrying conductor as

T4 vy, Adding theg
O a moving charge q-

JP Wesl%,
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ics
Iectrod}’”am' A . o) r — (l"
Weber E e gy 1 + 3(v2 r)(vi r)
CZF\\"z q241 ) 9 5 1
X )2’ stationary
23+ 3(vir) 12 he force on a :
-V 1/7 + R resent the t this
e square brad\e:;?;faeplt will be shown below tha
ng wire.

27
dVl/dt>/r3 ( )

in th .
t two terms _carryi
Thf: },ispr()duced by a currer{)‘t‘3 ;eo){ecte 4
charge very small and may 'Dth this W
forte lsbtain the field associated wi
Too

S cessary to : as give
ino wire it is only neces! he magnetostatic casc, as &
{0 a current-carrying be represented as in th
terms can
The other

: harge g2
) . The force on ch:
where J is replaced by 4212 iven from equation (27)

equations (25) and f(zgz;noe of the source current Jisg
' C 5
due to a ime rate O

(28)
’ - ijd3y'1r(r~8J1/af)/"3:
" i

qqa/at[sz f jd37'1(r-J1)/r' - f j jd%‘ddr]

q(V,AT /31 — DABY) ¢ Weber force on a

then yields th defined by
. : 21), (26), and (28) e ®,A,and [,
Compmre i?;lft\l\folgls t(he 2/el(ocity v in a potential field
charge g moving
eQuactions (20) and (25), X (VXA)
cFy = q[— cV® — 3A/Sr + or/er+v
W

y F) a

_yV-A + (vV)VI] (29)

I
For the limiting Maxwell case, \“A//hiz- (f)(?rce
involved and V-4 = T = 0, The We

i ion: ircuits
Weber induction for stationary €1

rromagnetic fo uced for

Induction may be defined as the eleCt:i%?]; %n a conductor. Thetllxr;dmetal as a

: e itive by convention) 1t ‘hat acts on c
carriers, counted SS p’?;néhe p)(l)nderomotwe forcc)i q]rzll}e(induced 'forcef onet(};n

1t ons). ¢ he forc
may be contrasted w ixed positive 10N -ation. The
senti n the fixed p e separation. cber
whole (o1 essemia}ly 1(1) roduce a current or a chfllrg%rge separation. The Vl\;e )
electrons in a metal ca guce neither current nor ¢ carrying wire is the sa
the positive ions can pro duced by another current-
0

force on the electrons pr

- t+ributed charge
for distributec _
ion (27) or for arriers (the
already given by equatlgﬂ E:on)vention the carriers (
the force on a charge gs o ion (29), where by
and current sources by €q

v i ¢ induced
ositi . .ta] the force
1ve. 2 a metal
electrons) are counted as pos v ¢ acceler ted in ¢
i c not on averag cle
Since electrons are n

rons flow the
_ When electrol
be balanced DYy other forces
on the electrons must be

the

; ed force on

n the induc - produce
d by an Ohmic drag. \X:rege separation must pr

induced force is balance ow, thena ¢

‘ ent flow, | ree.
electrons can result in noO curf ces the induced fo
an electrostatic field that balan

rce on the electrons (the




Hall effect J.P. Wesiey

In this case, currents do not chang

. ge with time and the conduct i
ary. The Hall effect arises when the direction of the in @ o saton

electrons is perpendicular to the flow of ele ' §ilr1§§? o ['ﬂ_f
drag can balance the induced for € on

SC€ Separation must geqy
duced field. Consideripe
gle moving charge, g can bc
d the force Per unit volums f. The Hall effee;
may then be obtained from cquation (29) by neglecting & ang e [im;

variat_ions and by considering only the force perpendicular to J. The induced
Hall force according to the Weber theory is then

cfw(Hall) = J x (V x A) + [J-V)Vr].

where the subscript — means the component perpendicu

the effect on a current density instead of on a sip
replaced by ¢ and gv by J to yiel

lar to J.

Faraday induction

Faraday was interested in the i
closed stationary metalic 1
current. From equ

nduced force that could produce current in 2
oop. The force of interest is then parallel to the
ation (29), neglecting the electrostatic potential, this induced

force is
ctw(Faraday) = [3(— A + VI')/ar + (J-V)VI],, — JV-A (31)
where the subscript || means the component parallel to J. Faraday was

interested only in the net effect induced in a closed loop for the special limiting
case where the inducing fields arise only from contained closed current loop
sources where V-A = " = (. In this limiting case integrating equation (31)
about a closed loop, the net electromotive (EMF) force becomes

EMF = Eﬁ Fw(Faraday)-ds/g, = — Sﬁ ds-(3A/or) = 3D/3t (32)

where ¢ g the ma
misleading as: (D)
induce the effect.

gnetic flux through the loop. This Faraday result (32) i
only confined closed current loop sources are assumed to
a ' And (2) the integration around a closed current loop
verages out any possible variation in the induced force around the closed 100p.

he Faraday result (32) cannot, therefore, represent the general detailed resul
E;?}E‘Odtegvby lli\lebe‘r’s formula (31). Note also that, in general, a magnetic ﬂl(lj\
Miller'q :}?pe?idefmed; since closed current loops need not always be ml\tozl;ieoﬁ
of induction, ments (personal communication) demonstrate this localiz

Weber induction for moving circuits
To obtaj i
n the Induced f
‘ ) | . ’ ther
movmg current car rce on electrons In a moving conductor due o an9

Iying conductor Weber’s force law (5) may be considered

Weber Electrodynamics
the electrons ? ‘
and the velocity of

; ith the velocity .v2 ‘ : locit
L moving with the v ng with the velocity
ositive charbge &gzpositiveaions +q, in the source moving
M ]
force given DY

. - — ing with the velocity
e given by the negative electrons =q1, fI:r?:\;s siel ds
vj and the f[?;cnogequ’d tion (5) and summing the two
-vp TV o Nl
[~ 2v (Vo + vy)/r® + 3(vyr) [(va + v5)1]
¢*Fw = 2417 7~ #Y1ri2 B s
— (edvy/dt)ir? = (v = VT Vi

(v + 3l0n = v

elocities of
for velocitl + v, is then the sum of the

the conductor ¥

(33)

e e e bfe ;hown blil(z?\?g) is that the velocity of the source
ising feature of this result | C o
Tgecfgip\f'lsénozs not enter in, the ettec_t of the' mot;cirkleoi etgaet ise e
Conceulling out the effect of the corresponding motlondo cels B e action
glc?te that the accelerations of the two conductors produ

i - in this case.
on positive and negative charges cancelling each other 1

] ] i [ "y source
In @ moving conductor in the field of a stationary s

- - v1?), the induc-
Comparing equations (33) and (27) (neglqctmg j(ern']s in vlloz;irz;i O;‘ t)he N rons
tion is see;> to be a sum of two terms, one involving the Ye L velving the
(gken as positive) relative to the con.ductor' \Z3 ‘andllbi (t)he ! ntive velocity
velocity of the conductor itself va. The mducu'on 111(\11(;;/;;&,&1 Cifect due to the
v, has already been discussed so that only. the ?ht— o The induction due to
motion of the conductor itself need be considered here.
the motion of the conductor 1s . 3(v1_r)(vé.,-)/,-5] (34)

. . e — 2v,-volr
¢,Fy(in moving conductor) = g2¢ x| 1Yz nted as

~ctrons {cou
. - rce on the electrons (
For a distributed current source the induced force on

positive) in a moving conductor is then .

/ (35)
, _ VA + (w9 (
cfy(in moving conductor) = e[vz X (V X A) vz: induced effects, in
following the analysis leading to equation '(26)' Ast;?r(]) an clectromotive
general, this result (35) can yield two possible eﬁegnt. around a closed 1oop,
force i;'en by integrating in the direction of the curr field transverse to the
and (%) a ch)arge displacement and an electrostatic :

direction of current flow.

ing source
. o moving sO
In a stationary conductor in the field of a

C tai

tion (33) cont :

at, because ;CI:]% be no induction when the
e sho

» M l

roct between two poin

the effect be wo POl
:c)iilitional effect. In particular,

It might at first be thought th ccay
involving the motion of the source, ore ®
source is moved. Strictly speaking thc;i::e i
charges; but extended sources pro




potentials are defined In terms of coordinates fixed relatj )
When the source moves the stationary obseryer then

: sees o
apparent time change due to this motion; thys, A" addiiong
dA/dr = (v{-V)A + OA/3t,

dl/dt = (vi-W)I + 3173,
The additional induced effect not C

onsidered above jg then
cfy (due to moving source) = — o(vi-V)(A - VI)

ce (37) vanishes. It also vanishes if thee j
ection of v;, Thus, for example, if cyr
I to themselves A or T cannot change ap
unipolar induction, where vi-VA =
estigated by Kennard'® and Miiller (

()
For point charges this induced for

variation in A or I" along the dir
carrying wires are moved paralle
induction can occur. The case of

been carefully experimentally inv
communication).

SN0
Tent
d no

0, has
personal

Weber force on a static charge due to a current

The Weber force (5) says that a static charge ¢, will experience a force due 105
Wire carrying current. Adding the two forces involving (+¢,, v, = 0; +q,v =

0) and (+q,, v, = 0; ~4¢1, —V1) according to equation (5), where dv,/d = 0,
yields

Fw = qoq,1[— vIr3 + 3(v,-r)%/2r°] (3)

This force is very small and has been neglected above.

To demonstrate just how small this force is, a specific numerical example
may be considered where the force on a positive charge ¢, separated a distance
b from an infinitely long straight wire with a current / is calculated. Let g, be
the charge of the conduction electrons per unit length in the wire, g,v; = Ids,
The force on the charge g,, which is perpendicular to the wire, is obtained fro
€quation (38) by integrating along the wire (in the y direction); thus,

Fw=(q21v b/c?) f dy (= 2/r° + 3p%r%) = — oIy /c% )
0

For the particular values g, = 10710C, 1 = 10° A, i = 10 cmis, and b= en
the force is Fyy = 107 ayne, a truly negligible etfoct ~ ms

The velocity squareq terms involving v} are always negligible, as thesedte; (0
arise from a Very small apparent decrease in the charge of the electrons ;u; is
their motiop. An effective positive charge may, thus, be assumfld t;]a a
Proportional to ¢/ q1vi/c?. For a current-carrying wire the effective charg
PET unit length g then approximately

dq i/dsl = IV]/C?' = I'V I/IOC
where ' {5 Measured in am
electrons ip a mety] ig only
charge dlstribution IS extre
due to the v

1 terms jp ¢
Neglecteq. 4

peres. Since the drift velocity v, of the Con?fucc?i(\),:
of the order of centimetres per second; th? ette tion
mely small. The effect on a static charge dlsmb? be
uations (38), (27) and (33) may, thus, always
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: radiation ‘ -
Weber theory extended to include ly time-varying fields the Weber
e )

: w to
Laenetostatics, and slo It is now only necessary
o

wn above. . radia-
- f the observed facts as sho cffeCtS 4 electromagnetic rz
theary its 27 OtTJ theory to rapidly varying €
. Weber
extend the

: o and I-‘a
S tial field @, A,

: eralizing the potential | bserved are

simply generalizing tie he fields obs _
tion. This can be dor})t’é )byt o inilude time retardat,loﬁ'ethime the retarded time
equations (20? al}dogﬂ a ’st'ite of the source at an ear

se It ¢

assumed to arl

40
*.as given by ( )

For electrostatics, T

here r = |2 . ’
\\\\E]eeber field is then defined by

o= J f f dry04(ry, £ = rlc)ir
A= J f J & Jy(xy, 1 = rle)ir

= f j j d*rrJi(ry, 1 = rle)lr

(41)

d is given by equation (29). The

1 in this fiel ations
where the force on a charge moving in this d completely by equa

ics is t 'ibe
extended Weber electrodynamics is then prescri
41y and (29). | |
( "lzhe integral expressions (41) can a
thus, ;
A= — ¢
0%® = — 4o, (%A = — 4,
[V4 — 8%3(ct)'] I = 8ndpldct . |
* = V2 - 9%3(ct)’, and VIA = —V--X-V o, rce; the third of equations
e I e ' in general, vanish for a finite sou 1 ; lectromagnetic wave,
) or the o 1101%111 %flti01;s,(42) yields an addltlpna re e T field must
(41) or the third 0 eqt redicted by the Maxwell t~h6?‘oy1; S morgy for slowly
o ‘Webef \ya\ll\le \ ?c?x1’§Third Law and the conselzselsy ! O ot be doubted.
arying f:;:}::gi/s ti\: physical existence of ‘Weber we
varying ;

¢ ial equations;
Iso be expressed as differential equatio
so be e

(42)

‘uation (3), is valid
Absolute space . arges, equation ( . p
: ber force law between moving Chc}lﬁrges. When t“‘s’.mrce(zlz)l;V
The original Weber fo € e - fields, equations (27),

ive coordinates betwe 2 ot ields, cqt the fields
only for relative co f electrostatic and mag frame of reference; as L€ G0 7
is written in terms of ly in the laboratory ¢ of the observing I '4])
ore e oy tenme of the frame of reference of the DU Ty
are defined only in terms ion,

radiat
ments. The Weber theory extended to
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mbvolves time retardatio
observer, 1n particular,

does not, theref: '
» theretore, include the eff,
beTftile \C/lelocnty of energy promgatioel(l:t (;f bsolu
xed relative to absolute space”“% °

observer. The res :
: ult (4
or for v/c ”egligible_( 1) is, thus, only va

Absolute s
pace may be i
should be, in fact degneedx{ltroduced by noting that the retard
in the moving laboratory Ir’i‘LermS of the apparent retardedret?fd e s
therefore, be i - Lhe welocity ¢ in i €cts as observeg
, interpreted as th €quations (41) and (42 e
laboratory. The wave equatio e phase velocity, ¢, Obser\)fed in(?h-g i:ou.ld‘
Oving

as a phase velocity T ns (42) clearly indicate that -
y- The phase velocity ¢’ observed in the rcnrc?\"lijltgblixt‘)merpre[ed
Oratory is,

therefore, n :
, needed in i
propagation, ¢* = ¢ _esuavt;gns <41), and (42) and not the velocit
?aboratory. As has alreadO;’ be:r e tvo 1S the1 7absolute velocity of theloybgf i
In an absolutel . n stressed, ’ electrom " radiation et
mov > agneticr
y Ing system must have o veloci?ies andag;a:‘_ontobsenred
Just one, the

phase velocity ¢’

and the veloci

t . ocity of en C

he same magnitude nor directi)c])n ergy propagation ¢*. They need not have

The origi
ginal Weber th i
eory is b .
source and observer: so the e%lf ased only on relative coordinates between

i . ec

time retardation must be tak tOf absolute space can only be observed when
mathematical expressio taken mto account. To obtain the appropri v
effect! 718 for electromny ns 1t is sufficient to consider the Voig?PDOOPrlalte
trated!” the Voi gnetic radiation in absol —oOPPeT
oigt—-D : ute space. As has bee .
propagation of gelectc;gpler efﬁ?Ct explains all of the known observatirz)gse l(])]fo SISC
observations of Roemerrr'l;%ngtlcdlwavﬁs in absolute space, in particular, the

son— 13 ) a radle : ; ;
I%O(r}ale,d Conklin, 15 apd qu)]’(,)v %lchelson—Morley,m Sagnac, Michek

a radiating sou e .
r .

k', frequency w',gphasgi:]loowng wath the velocity v, the propagation constant
city ¢’, and the velocity of energy propagation¢®in

a system moving wi
pler effect yieldgs:wlth the absolute velocity v, along the x axis the Voigt-Dop-

n a ; .
ssuming simply a ve] JP. Wesley

. ocit
a velocity ¢ relative 0 1 y ¢ betw

he ObSerVer' .
te space.

cctromagnetic wa
a.nd not fixed re]
lid for an absolut

ives is observeg 10
atnve. to the movip,
€ stationary obser\'e:r

cv(l — ;
, Ys(1 = voele)(1 — vyeclc?) 43)
@ =mSYo(1~v./2
¢ = ( o"C/c )/Y5(1 - vs-c/cz)
TG T vo)e, +
1 (cye,
c*:c*vo (} v+ e )y,
where e
. Xy e, e .
SCrlptS ST y> €, are unit ve
efe ctors a : . . .
N I to the source and long cartesian coordinate directions, sub-
_and subscripts o refer to the observer, and ¥s =

V:"/C2 a
tent withé ‘I.id Yo = 1MN/1 — 272
duations (41) volc®. These wave parameters (43) are consis

a
nd (42) where c is replaced by c'.
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