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"#:%! !

!

;-<+/=-*+,!-5!>./01,2+/*0=+/?!=-!50,!+@-/0<6+1-,!=-!./01,2+/*0<6)1!=-!A+/-1.B9!

"#C% !

"#%!!!! !

!

!!!D8<E+,!.F/*61+,!,+1!<-/+&!0!,0G-/9!

"#H%! 9!

I,.+!20<656.0!-5!<J5<85+&!@+/!-K-*@5+9!

"#L%!

!!

!

M./+,!.F/*61+,!1+!,+1!<-/+&!@+/!-K-*@5+9!

"$N%! !

!"# $%&"'%# %&()*+%# ,"# -%)-.)%&# )*,# /"$(,# 01'$2&*,! @0/0! 55-70/! 0! 50! ,6786-1.-! *0./6B&! O8-!

/-@/-,-1.0! 50,! -<80<6+1-,! =-! D0PQ-55! =-5! <0*@+! -5-<./+R*071F.6<+&! ./01,2+/*0=0,! <+1! 50!

./01,2+/*0<6)1!=-!A+/-1.B&!@0/0!+G.-1-/!-5!.-1,+/!=-!./01,2+/*0<6)1!-1!-5!,6,.-*0!G0//0! 9!
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"#$%!

!

!

&'!()*(*+!,-)!.-!(*/(-+!0'!1/!('/2-)!*/(342356()37-+!7-/!()*8*!7')-9! !:'!"$%!2'!0'017'+!*0'5;2+!

<1'!'/!'.!232('5*!=*))*! >!

"##%!!! !

!

!!!:'! "#$! ?! "##%! 2'! 0'017'! !"# $%"&'()%*"+,-&# ./# !)'# +"*0)'# /!1+$%,+)'# 2# *"3&1$,+)'+! ,-)!

'@'5,.-!")'71')0*!<1'! %!

"#AB%! !!!!!!!!!!!!!!!!!!!?!"#AC%!! !

"#DB%! !?!!"#DC%!! !

"#EB%! !!!?!!"#EC%!!! !

"#FB%! !!!!!!!!!!!!!!!!!!?!!"#FC%!!! !

"#GB%! !?!!"#GC%!!! !

"#HB%! !?!!"#HC%!!! !

!

:'!"$G%!?! +!-=('/'5-2!.*!7-))3'/(' !?!.*!0'/230*0!0'!7*)I*! !!'/!!'.!

232('5*!7-/!=*))*! +!'/!0-/0'! !'2!.*!J'.-730*0!?! !.*!0'/230*0!0'!7*)I*>!

"#KL%! !!!!!!!!!"#KC%! !

"AML%! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"AMC%!! !!!!

"A$L%! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"A$C%!! !!!

"A#L%! !!!!!!!!!!!!!!!!!!!"A#C%!!! !!!
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"##$%! !!!!!!!!!!!!!!!!!!!!!!!!"##&%!! !!!

!

7.3. LA TRANSFORMACIÓN DE LORENTZ DE LAS ECUACIONES DE  
MAXWELL 
!

$'()*+,-.! (+! /0+1.2-0,+*)31! 45! 6-051/7! "5*8+*)31! 9:;<%! +! (+.! *8+/0-! *--0451+4+.! '+0+!

=5(-*)4+45.!+(/+.>!

";<% !

?-,+14-! 51! *851/+! @85! A! 5./5! 5B50*)*)-! 1-.! 4+! (+.! *--0451+4+.! 51! 5(! .)./5,+! A!

5C'05.+4+.! 51! /D0,)1-.! 45(! .)./5,+! :! ?+,E)D1! '-45,-.! '0-*5450! +(! 05=D.A! F! 5C'05.+0! (+.!

*--0451+4+.!45(!.)./5,+! !51!/D0,)1-.!45(!.)./5,+! A!(-!@85!),'()*+!81!*+,E)-!45!.)G1-!"45!H!

+!I%>!

"#J$%! !!!!!!!!!!!!!!!!!!!!!!!!"#J&%! !

"#K$%! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#K&%! !

"#9$%! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#9&%! !

"#<$%! !!!!!!!!!!!!"#<&%! !

"#L$%! ! !!!!!!!!!!!!!!!!"#L&%!! !

!

$M-0+! /-*+!4548*)0! (-.!-'50+4-05.! !F! :!N+0/),-.!45! (+.! 5*8+*)-15.! "#J&%!F! "#L&%:!O1!

+,E+.!281*)-15.! A!(+.!=+0)+E(5.!45'514)51/5.! !F! A!05.'5*/)=+,51/5A!.-1!81+!281*)31!45! !F!

:!$'()*+14-!(+!05G(+!45!(+!*+451+A!-E/515,-.>!

"#P%! !

"JQ%! !

!

!

R50)=+14-!"#J&%!F!"#L&%!.-E05! A!-E/515,-.>!

"J;%! !

"JS%! !
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!

"!#$%&'()#*!+(,!-&,-(,!./)0&*)$,!,*1%$! 2!*13$)$-*,4!

5678! !

5668! !

!

9/,3&3/&-*,!56:8!;!56<8!$)!57=82!>(%(!*13$)$%!$+!*>$%(#*%! 4!

56?@8!! !!;!!!56?A8! !

"!,/,3&3/&-*,!!5678!;!5668!$)!56B8!>(%(!*13$)$%!$+!*>$%(#*%! !

56C@8!! !!!;!!56CA8! !

D*%!%(E*)$,!*1'&(,4!

56F@8!! !!!;!56FA8! !

56G@8!! !!!;!56GA8! !

!

H$0*%#$-*,! (I*%(! +(,! $0/(0&*)$,! #$! J(KL$++! $)! $+! ,&,3$-(! M! 9&! +(,! $0/(0&*)$,! ./$%()!

&)'(%&()3$,!$)!$+!,&,3$-(! 2!*13$)#%N(-*,4!

OPQM! !!!!5+$;!#$!R(/,,8!

OOPQM! !!!!5+$;!#$!

&)#/00&S)!#$!T(%(#(;8!

!

OOOPQM!! !!!!!5+$;!#$!R(/,,!$)!-(U)$3&,-*8!
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"#$%&! !!!!!

'()*!+)!,-./0)1!

$2! )(! 3456! +)! ! ""$%! ! )! ! "#$%! ! ! 34+4! 726! +)! (65! 36-.62)28)5! +)9)! :4()0! 3)06&! ;7)0)-65!

36-.06940! <7)! (45! )3743=62)5! +)! >4?@)((! 0)4(-)28)! 562! =2:40=428)5! )2! )(! )5.43=6! +)!

>=2A6@5A=B!)-.)C42+6!362!(4!()*!+)!D4755!'"$%1&!E758=87=-65!'FGH1B!'FIH1B!'FJH1!*!'GGH1!*!'IJH1B!

'IKH1!*!'ILH1!)2!'IM1!.404!698)2)0!'JN1O!!

'IM1! !!!!

'JN1! ! !!!

!!!!!!!!!!!!! !

!!!!!!!!!!!!!! !

!

%4+6! <7)! ! '()*! +)! D4755! )2! ! 5=58)-4! E1! *! !

'36-.62)28)! !+)!(4!()*!+)!,-./0)!)2!5=58)-4! 1B!5)!5=P7)!<7)O!

'JQ1! !!!"#"$"%&'()%*#$+%

!

,R604!.063)+)-65!362!(4!3600696043=S2!+)!(4!R=.S8)5=5!+)!<7)!(4!()*!+)!=2+733=S2!+)!T404+4*!

)5!=2:40=428)&!E758=87=-65!'FGH1!4!'FLH1!*!!'IUH1!)2!!""$%!.404!698)2)0O!

'FGH1! !!!!!!!!!!!!!!!!!!!!

'FIH1! !!

'FJH1! !!!!

'FUH1! !!!!!!!!!!!!!!!!!!!

'FKH1! !!

'FLH1! !!

'IKH1!! !!!*!'IKV1! !
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"#$%&!! !!!'!"#$(&! !

"#)%&!! !!!!

!

*+,-./!012-+1.!+3!012-+1.!4+!3./!51+/!6.-0.7+75+/8!9:+1+-./!6.-01.;,1!<:+=!

">?& !

">@&! ! !

">#&! !

!

A,4.! <:+! ! "BBBCA&! ! '! ! ! "BBCA&D! /+! /2E:+! <:+! +3! 012-+1!

6.-0.7+75+!4+! !!+/!6+1.8!F7G3.E,-+75+!/+!6.-01:+;,!3.!-2/-.!0,1,!+3!/+E:74.!'!

5+16+1!6.-0.7+75+8!H.1!3.!5,75.=!

">>&! !!!!!"#"$"%%%"3+'!4+!274:662I7!4+!J,1,4,'&!

!

A+!"@$&!,!"#@&!.;5+7+-./!3,!51,7/K.1-,62I7!4+!3,/!+6:,62.7+/!4+!L,MN+33=!

"@O&! !!!!!

"#P&! +Q+! !! !!!!!

+Q+!! ! !!!

+Q+!R! ! !!!

"#S& !!!!!

"#?&! !!!!!"3+'!4+!F-0T1+&!

!

!

!

7.4. LA TRANSFORMACIÓN DEL POTENCIAL ELECTROMAGNÉTICO 
!

FU.1,!;2+7D!1+6.14+-./!<:+!3,!K:+1R,!+751+!4./!6,1E,/!+/=!
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"#$%! !

&'(!)*+,-,.,/-0!*1!.234'!*15.6(,.'0!*-!*1!7,76*32! !*78!

"##%!*-!+'(32!9*.6'(,218 !!"1*:!)*!;'<1'3=%!

>*.'()*3'7! 623=,5-!?<*! *-! *1! 7,76*32! 0! *1! 9*.6'(! ! ")*1! 4<-6'! ! *-! *1! 7,76*32! ! 2! 12!

.2(@2! !*-!*1!'(,@*-!)*1!7,76*32! %0!:!12!32@-,6<)! !)*!*76*!9*.6'(!7'-0!(*74*.6,923*-6*8!

"#A%!! !

"#B%! !

C<76,6<,3'7!"##%!2!"#B%!*-!"$$%!2!"$A%!42(2!'=6*-*(!*1!.234'!*15.6(,.'!3*),)'!*-!*1!7,76*32! 8!

"#D%!! !

"#E% !

"#F%! !

!!!!

>*7<3,*-)'!"#D%!2!"#F%0!'=6*-*3'7!*1!.234'!*15.6(,.'! !*-!*1!7,76*32! 8!

"AG%!*-!+'(32!9*.6'(,218!! !

H2)'!?<*!"##%!:!"AG%!7'-!,@<21*70!.'-762!?<*!*1!.234'!*15.6(,.'0!3*),)'!*-!*1!4<-6'! !4'(!

'=7*(92)'(*7!*-!1'7!7,76*327! !:! !*7!,)5-6,.'I!!

&*('0! *1! .234'! 32@-56,.'! *-! *1! 4<-6'! ! -'! *7! *1! 3,73'0! 9,76'! )*7)*! ! ! '! )*7)*! I!!

>*.'()*3'78!

"$B%!! !

"$D%!! !

"$E%!!! !

!

!!!J-!127!*.<2.,'-*7!"$B%!2!"$E%!(*.'-'.*3'7!*1!4(')<.6'!.(<K!"4(')<.6'!9*.6'(,21%! 0!.'3'!

7*!.'34(<*=2!2!.'-6,-<2.,/-8!

"AL%! !
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!

!

"#$%&!'()*+!%),$%-).$/!01)2!

3456! !

!

7$.'(*&*-$!3486!9!3456+!$':)*).$/;!

34<6!)*!=$%.&!>),:$%(&?2! !

@),$%-).$/!01)2!

34A6! !

B$%!?$!:&*:$+!

34C6!! !

D$.&*-$!)*!,1)*:&!01)2!

3446! !

E!,$.'(*&*-$!!34<6+!34C6!9!3446!$':)*).$/2!

34F6! !3?)E!-)!G($:HI&>&%:6!

!

!!!!"#$% &'('2! D$-&/! )/:&/! ,1&:%$! ,$%%$'$%&,($*)/! -)! ?&! (*>&%(&*J&! '&K$! L$%)*:J! -)! -(=)%)*:)/!

M%1N$/!-)!),1&,($*)/!>),:$%(&?)/!N$-%O&*!&N&%),)%!(**),)/&%(&/!&?!?),:$%!)PN)%:$!)*!.&:).Q:(,&/+!

-&-$! 01)! ?&/! ),1&,($*)/! )01(>&?)*:)/! )*! =$%.&! :)*/$%(&?! M&%&*:(J&*! !"#$ %"! 01)! /$*!

(*-)N)*-()*:)/!-)!?$/!/(/:).&/!-)!%)=)%)*,(&!(*)%,(&?)/+!-&-&!?&!?)E!-)!:%&*/=$%.&,(R*!-)!$'K):$/!

:)*/$%(&?)/2!

34S6! !
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