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1. () l t j tcl  o.f  I 'uPr r '

' l ' h t  0 l , j I r ' t  o f  t i t c  l i t t ' s c t t t  l l t l l l c r  i s  t r r  s l t o \  l l r r t t  \ , l t c t l  t t r . \ '  nu rnbe r  o f

r l r c t n , r r s  I t r '  r t o I i r t g  i t t  I t t !  t l t i t t t t : r ' t  t l t t r  f t t t t c t i r l t t '  r v l r i c l l  t l e l i t r e  t he  res l l t -

i ng  i ' l c c t t , x l r r r r r t t t i c  i i t : l r l .  t t r L l r t l l r ' .  t l l o  t l t l c r r  t l r t t r t ponen ts  oJ  d ie l ec t r i c  d i s -

l l r l cuDr ( l r t  i t t  t l t c  i | t l t I r  I t t t t l  t l t c  t l i t t r t r  ( o t l r l x ) l l c l r t s  o f  t l t e  magne t i c  f o r ce  t t

c l e r v  l ) , J i n t , i f  t l r c  1 i e l d ,  c i t l i  l , c  c r l i t esso t l  i r t  t t n t l - *  o f  t hc  de r i va tes  o f  t no

sc i r i i i r  l ) , ) t o r r l i i r l  t unc t i o t t s .  ( l ' r ' t ' r ' i o t l s  \ r i t e t s  l r i l ve  exp ressed  t hem in  t e rms

o {  r  sc , r l l r  p , r t r ' n t i l l  I t t t t c t i t i l t  a t l r l  r r  I ' c c to t  l t o l t ' t t t i i l l  f unc t i on ,  n ' h i ch  e re

c r1 r r i ! I I I r r 1  t r ) . / l r l / /  s t r r l i r l  l r r r t c t r i i l r , l  f l l r r r l i r ' t l s . )  
' l ' l l t l s c  t l ! o  scn ln l  po ten t i a l

f u r r c t i , , r r s : L r c  i ' r 1 r l i I i t l I  o r . i i l t l i t r u l  j l t  t t ' l t t l s  o f  t l t t ' r ' l t r t r ges  l l 1 )d  co -o rd ins t€s

o f  t l r t ,  c l r , c t l ons .  I t  i s  t l r c r t  s l t o l  l t  t l t t t l  f r o t r r  t l r c s t '  t  l s t t l t s  t l t e  gene ra l

f u r r c t i o l r r l  f o t l t  o I  i l t t  t l t c t t , r , l r l t r r t t t i c  t l i s l t t t  l ' i t t r t ' t r  t l t t i r  t o  t l c c t ro t r s  c l n  be

de r i ve , l .

2. I i tplanati ,m r,I  Nrttut i , ' t t ,  r tnt l  Sttt trntrrrt l  
" f  

prrt ' i ,nt i ta k notLnt Restt l ts.

1' lr t '  rvol l  ,r f  prel iotts \ \ ' r i tcrs, so frt t  ts i t  conceLns the presont in'

lest igrrt iorr nnrl  cr l i l r t i rrs t l re notrt t ion t lstr l .  l l l r tY lrc lrr iel ly summ&rized as

fo l i o r vs :

l ,r t  2lrc t l re lolurrt t '  densi ly of elt 'ctt  ici t-r '  r l t  rrny ploce and t ime, ontl

let ?i,  r ' . ,  ?' . .  l r t ,  t l re coul l)outtr l ts of i t ,s l t ' lxr i tr .  rrrt l  c the velocity ol l ight in

t lre ptlrer. r 'et d,, d,,, 11. lrc l, l lc t lrrot) colrPollents of the i l ielectric dis-

pllccrncrrt irr t l tc trl l l tcr', nlt l 1,, /r,,, / i- tht' three components of th€

rntrqnetic folce, Thett the fundaruenttrl erlutlt iott l of el€ctrodynamicg msy

be l 'r itteu in Loreutz s lorm (thc units being suitably chosen):
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In pltce ti 1,. 1,. l '  l t '  l t '  /t sc crttt t l t ' l inr' t lr i '- l l t l t l  lx' tr scnlnr

pn t "n r i , t i ' i , , , , " , i , , '  +  r * r (1  t l ' . ce  fnuc t io 's  . ,  Qt ,  u : ,  n l r i c l r  r r re  usua l ly

i"gord",l ,.* t lrc t ltt lec colnl)olrerrts oi rl vectot lrotertt itr l l ' lrrr quontit ies

d,, d,, t l ., /r,. /r,, /r rttc l j l \t ' l l  l l i  telms ol 4" rr" rr '" rr ' lr ' l  t lrc erlttrrt iotts

, r .  __ t  +_,1 , ,  =+-+
rnd four sinli l ,tr eqttatiotrs fol rl r l '  ' / i  

" 
' /r '

""-fno 

"ant,], l '  
lxrtr: lrt i 'r l  iLtt '1 t lto tlttec col)l l)o|lcl)ts oi t l l t \ector poteuli] l

catisfy the svsttrt lt <tt (rlull i lol ls

( ' \  -4 ,  -  - - i  -

, ' . , t , ,  -
a _ \ t l , -  - - i i  -

t t t  ,  t t t L  |  ( t t  I- + - - - r  - r
I ll

I  ( , i

} 'ot.  t ]re 1 L t t  t  l  l  r  t  t  t  r  t  ,  l  |  [  i  t  l  ( . i | :( , '  l I&l1r( j l \ . ,  t l l i l t  i I r  rr ' l l ic lr  t l re l ie}.1 is due tct

* r , t ^n " r r i r , ' .  , , t  
" 1 , , " t r , u , .  

t t t r l t i t t g  i t t  t t t t "  t t " ' '  t l t e  sc r l l a t  po ten t i r l l  nnd  t he

threo coml)ol)et l ts of t l lo leelol potel l t i l l l  t re givett l l1 '  tLe erl ' rr l t iotrs

I  . , , , . , ,  f l = I '  ,  
t

4 ,  t x .  4 .  : .  t  = : ; , ; + f i , - u . J . ) ' , " ' ' 1 " ' - - t r ' , { r i c r r s r r , t l

aud ts,r , i i l t t i l , t t  er l t t i r l iotts l l l  a, t tr t t l  t t"  t t l tett :  c is t l tc t l l t l tge.on n tyPicnl

"i,,.,,.,r,. 
, is it, t l ist,rrrc. fru,u th,, 'oi ' t (.r, r7,.i, r is its 'elrcitr ' , (r ' ., r",, r 'J

l ' i  
" ",,. lpt"rl," 

ef l. (r ' , r ') the tutgle bet'\reen tl le t l i lett iou of t tttd r ' '  antl

the bars ovct't lre lottets tnerrrt thnt t lre positiorr of t lre electrotr considered

i "  t l , " t  , rh ic l t  i t  rx rcu l r i r " l  i r t  l  l i lDe  1- i l c ;  r r r r r l  t l l t  s t t t t r t t t i t t i r r t r  i s  t t ken

"r", 
,, i , ,r," electrorrs, \\ 'o ri lrrrl l  tssurnc tlrrrnglrrrrt tLc papel that the

le loc i t ies  o f  l l l  i he  o lcc t l ( ins  t r le  less  t l tn l r  t l t c  tc l ' r c i t ' r ' q f  I r r r l i l t i o t t '

i l ,  Introrluctirttt rtnLl l i tuluntittrt 
"[ 

l l tt: lu'L' Sttt ltrr I 'rttrnticrls'

\on  le t  r ' (11 ,  y ' ( / ) , ; ' ( l )  r l c t to te  t l ro  l x rs i t io r t  o f  t l t t  r ' l cc t r r r t t  r t r t  t ime t i

t r r r l  le t  r '  l x ,  r rse  , l  to  r f t ' n ' r t ' t '  r ' (1 - i l '  ) '  s r r  t l t i r l  i "  ' "  t '  t re  kno$n
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func t io r rs  o I  t .  4 .  2 ,1 .  n l tc t t  t l t c  n to t io l ts  o f  t l t c  c lcc t ro l ts  n t ' c  k t ro rv t t  I  t le

l r 'Lv i :  i  :  l i '  -  t  \ !+ \ i '  -  t | ! * (  : ' - : ) r ,  t t t t r ' l '  l l t t ' l t ' fo t t r

*, l  -  I  ( . ; '  - ; r )  r ' ,  + ( t r '  -  r r \  r ' , ,*  ( l '  - . : )  r ' - l  I
t . I

c ( . i ' - . r )
of - = - --,---------:--- .

|  ! '  c / + / - i  c o s ( i '  / J

) I n t  c  g t r t r c i  ' t l l r ' ,  i f . /  l r c  r t r r l  f r l t r ,  t i ,  ' l r  L , f  t l r , '  t l r l  l l  r l t t r r r l t  i t i e s  i ' -  '  '  i '  -  t l '

: ' - : ,  t r r l  i f  . 4 ,  . / r , . ^ ,  t l o t i o t r '  i Ls  r l c l i l i l t r s  s i t l r  t c sp i l c t  t o  t hcsc  t h ree

t l gu l ) r . l l t i  t  r ' ' y r c t t i l c l r ' ,  \ \ i '  o r t s i l !  l i l t l  t i r r r t

Si ru i l ' r l

t ' , l u r r t i r tn

Nor  dc l inc  fu rc t ions  -1  .  ( i .

r r f  i y  t r r r l  i l  i : .  lh i l c  i ' l r i l  i s  g i r -cn  l ry  thc

r ( l , i r , * / , i , * . / , r r  I
r ' f  r  eos  ( i i ,  l )

{z lry thr, crlturtiotts

1 1 i  ( t + ,  r ( o s ( 1 "  / )

.  i ,
- lrr . 'r '+ r I cos (f, ,J

C t .
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r t

l : t ' .  ' t .  - . 1 r :  I - i  '  '  l ' - :
' t; 
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1 .

l lreLe thc suruurntior] is l i tkctt olcl all t l lc elccttons. f isitrg i lte folrnuh

jus t  o l , , r r r i r re r l  fo l  t l t c  t l c t i l i r t cs  o f  r l  lu t tc t io t r  o f  t l r ck i r r r l . / ,  \ \ c  f i l rd  tho t
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.1 ,  Dr r r r r r * r r r r r  t ) i  l l t r  ,1 l I )u r t  t - t l  . l s t t t t t t t l r t /  , ,1  t l t r  l t  , : r i i nq  l les t t l t ,
, , , , , 1  i r ,  l  , . l , , r  1 . . . . r 1 , n  " , , , , t t .

f  i r o  f o t  r r r r r l t  l l r r r s  o l r t i r i n c r l,,),r :. r,, ,rr',r. ,,,,ri..,,,,,. ,1,,]l,i llil,;];i'l]:,illlJ,ilii"fi:,:,[:,1;
o l ts t , r ' r ' i , t l r r l  t l r t ' r , r r r r  l r r t  rv i . i t t lu  i r r  r r :  fo l l t  o f  r , , , , , , , , .nU, " t " r in , , , .

d  :  t , r r r . l  l rn  l  / {  cu l l . l  g , ir - cur.l al- cur.l cur.l g,

l i r t t l  d  r l t r l  h  l l t t  t l r l  c l cc t r\.ecto,.s (rirecr.(r r),,,,,r,.r to ,,,,,'""i1:0,,;":,"liilll,.,,'iill,i;,,iliill{,.1,f fl,..'iira ' . l x l r t i r c l \ ' .  ' l ' l r , ' s r ,  r ' r rc lo r .  r . r1 r11 l j , r11s  i r t ,  r l r r iL r  
" r r , , ,u , . t . i "n l ,  , rn , l  ouar ' (  i ' l [  ] s  t ' , ! t ,  i f ,  i r i r ' , r r r l  . f  ' r ,g r t r .d i r rg  t l ro  c l .c l r r ' r r .g r rc t i .  l i e l t l  rs  t l c f i r radl r r '  l l r r ,  . rcc t i r l s  d  , r l , i  / r .  l . c  r , t 'rr.crr,,r ,rirr, r/ rrrrrr h,,. ,,,,,':ilil,l'.,.',1:,,:l':l];;l]J:,::''ll::#'lll,r.:i,;

s i r r r l r l l  l L r rc r io r r .  o l  t l r t  cor l r r l i r r r t t cs  o f  t l l ,  r . i cc t r . , rn " ,  . , r .1 , , , r0* "  
d  tnd  l t  t r .ec r r r r r l r l i c i r t c r l  fu lc t j rns  o f  t l r c j r .  r ,e loc i t i l , s  n t r r l  t ccc le , r . l , t i r r , , r ' ,  ouU . ru"  f rn "or t l so  o i , t i r i r r r , r l  t l r c  r i , s r r lL  t l r r t t  r r i t l r r r t  t , , r *  n f  g , , , ru rn l i i y  u :u  

" , , , ,  
tn t  oTou, tg to lr(i a)rcr.l.\\ ' l)(,rc. itu(l rLl l l l  t i lres, par.rr, l l t, l  t,, sorno l irerl dir.eciiou irrsl)rcc (..?/,, t l tr: r ir is of .:), rr, frrcl u.hich nrnli0s i l |ossiLlc to specih therul r I  t so  s t . r r l i t l  r ln r l l ) t i t ies  o l r l f .

It uii l lr l  lrc lsl ied NLetl)ct. \.cctor.s / nntl g c_rist t lhiclt sotisf,y theitlrov, l,etol crlrrrLtious trrrl u.hiclr nre |er.fce tlr. svrrun,,tri..,r l l  ,u nn"rr"a

l :1 . ] ] l l '  l :  
iu  t l r r , , r r ,g r r t i r . t r :  i r r  f , rc t ,  r l t l rougt r  t l ,o  u ,1u , , t i , , , r "  n r .  themse lvesrrIiLuiUltiYc. i i l)( l ci l t l ter.efol.e bo erPlcssctl irr t lrrt vect<tr. Iotti ion, .f.ett l r r , . t  r i r r  t ro t  Ios , r t , s5  i111,11 . i11n1 so l t r t ions ;  j r t s t  t s  t l ro  , ,u " l ,u r 'oq ,uUro t l

-  , , . r  ( I )  =  , . , , , 1  n
lN I l (  11 ,  /  i s  l l r r ,  . c r r l ; t I  i l i s t r l l t { , r ,  f r r )n t  t l r c  0 r . ig i r r  11r r r i  2  i . i  a  . \ . { \ , to f  to  l )cr I l I l l r r I i r r r , , I r  I r ) s : ( , s s ( . s  r r u  i l i j r r j t c  r r r r r r r l x , r . o f  s o l r r l i o r r s  a ,  l I r i c l t  c l l  r . o a r l j l ) .I r l  I r l r r r r l .  l r r r l  1 , , , , . 1 , , , i  l l t i c i r  i s  s l r c c i r r l l r .  r . c l l i l c r l  1 , ,  s r , r r r r ,  l i r r , , i , ,  s l l t c e ,  s ot l r t t  I t r r  s o ] r r t i , r r r  i .  . r ' t r D 1 1 t , t r . i c r r l .

i .  l ) r l t r , . l i . t t  , , /  t l t r  ( ' l r  t t c r t t l  l tu t tc t ion l l  I , \ t rn t  o l .u t t  I i l t c l to t lunant i r .
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